IEEE C80216m-08/1134

	Project
	IEEE 802.16 Broadband Wireless Access Working Group <http://ieee8.2.org/16>

	Title
	Discussion on Technologies for E-MBS

	Date Submitted
	2008-9-5

	Source(s)
	Wang Yonggang, Chao Hua, Chen Yu, Wang He, Zhang Bijun, Li Ji, Yang Yuli, Hu Zhongji, Yang Hongwei
Alcatel Shanghai Bell
	Voice: +8621-50554550-7440l

Email: 
Hongwei.yang@alcatel-sbell.com.cn
yonggang.wang@alcatel-sbell.com.cn

	Re:
	IEEE 802.16m-08/033: Call for Contributions and Comments on Project 802.16m System Description Document (SDD)
Contributions on topic: “PHY & MAC aspects of enhanced MBS”

	Abstract
	A section describing Enhanced Multicast Broadcast (E-MBS) was addressed in the SDD, as required by IMT-A “The proponents should describe the supported broadcasting solutions.” However, E-MBS for 802.16m has not been well discussed. In this contribution, we bring forth several key technologies for further enhanced multicast broadcast.

	Purpose
	To be discussed and adopted by TGm for the 802.16m SDD.

	Notice
	This document does not represent the agreed views of the IEEE 802.16 Working Group or any of its subgroups. It represents only the views of the participants listed in the “Source(s)” field above. It is offered as a basis for discussion. It is not binding on the contributor(s), who reserve(s) the right to add, amend or withdraw material contained herein.

	Release
	The contributor grants a free, irrevocable license to the IEEE to incorporate material contained in this contribution, and any modifications thereof, in the creation of an IEEE Standards publication; to copyright in the IEEE’s name any IEEE Standards publication even though it may include portions of this contribution; and at the IEEE’s sole discretion to permit others to reproduce in whole or in part the resulting IEEE Standards publication. The contributor also acknowledges and accepts that this contribution may be made public by IEEE 802.16.

	Patent Policy
	The contributor is familiar with the IEEE-SA Patent Policy and Procedures:

<http://standards.ieee.org/guides/bylaws/sect6-7.html#6> and

<http://standards.ieee.org/guides/opman/sect6.html#6.3>.

Further information is located at <http://standards.ieee.org/board/pat/pat-material.html> and

<http://standards.ieee.org/board/pat>.


Discussion on Technologies for E-MBS

Wang Yonggang, Chao Hua, Chen Yu, Wang He,
 Zhang Bijun, Li Ji, Yang Yuli, Hu Zhongji, Yang Hongwei
Alcatel Shanghai Bell

1. Introduction

A section describing Enhanced Multicast Broadcast (E-MBS) was addressed in the SDD, as required by IMT-A “The proponents should describe the supported broadcasting solutions.” However, E-MBS for 802.16m has not been well discussed. In this contribution, we bring forth several key technologies for further enhanced multicast broadcast, which are aggregated into five aspects as follows.

· Open-loop SM and enhanced MBSFN

· Enhanced single cell transmission

· MBMS transmission cooperative with Relay

· Network coding in multicast retransmission

· Optimal unicast/MBMS integration
2. Open-loop SM and enhanced MBSFN

2.1 Open-loop spatial multiplexing
Single-Frequency Network (SFN) operation can be realized for broadcast/multicast traffic transmission when the timing error of the multiple sites is within the cyclic prefix length for OFDM system. With SFN operation, the cell edge broadcast SINR can be very high, for example 10.0dB or higher for small cells. These high SINRs can potentially be translated into higher data rates and capacity for E-MBS by using MIMO spatial multiplexing. Note that without spatial multiplexing, the multicast/broadcast capacity will only grow logarithmically with SINR in the high SINR region.

It is known that spatial multiplexing may not be possible in a unicast system when the fading is perfectly correlated. However, when the same information is transmitted from multiple correlated antennas, it actually has the effect of de-correlating the correlated antenna channels and thus makes spatial multiplexing possible. Generally it’s recognized but when MS locates very near to one BS, the situation is different.

Figure 1 shows the CDF of the antenna channel correlations where MS moves inside the 300m-radius and 100m-radius area in the cell with inter-site distance of 500m and 19 cells in SFN operation.
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Figure 1a MS moves in the 300m-radius             Figure 1b MS moves in the 100m-radius

It’s shown that SFN could not increase antenna decorrelation in the actual systems from statistical perspective. According to the spatial channel model, when MS is far from BS, the channel corresponding from different antennas are random enough, although it can receive more than one BS, the correlation is improved limitedly. Similarly, when MS is near the BS, maybe the channel was a typical line-of-sight (LOS) channel, but because the signal from other BS is very weak, it could not impact the existing channel correlation. Additionally, because it is open-loop spatial multiplexing, the orthogonal compensation from transmitter based on the feedback information can not be obtained. The result is that MS could not de-multiplex these two symbols anymore.
There are several solutions which can improve the LOS users’ performance. One solution is to transmit different streams on different polarization. Therefore MS with cross-polarized receiver antennas are able to separate the two streams and decode the transmitted data. But the cross polarized antennas would weaken the transmission diversity for unicast, such as STBC or SFBC. And practically the cross polarized antennas could not form the antenna array for beam forming.

Another solution is to use advanced transmitter and receiver design with which a LOS user’s performance can also be improved. The simplest method is linear pre-coding.

Approach 1: CDD pre-coding

For a [2Tx, 2Rx] system defined by channel matrix
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, it’s assumed that CDD is implemented in the frequency-domain. In this case, the composite pre-coder combines CDD delay based phase shifts with the Fourier-based pre-coding as below.
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 is the gain of first layer to balance the power of different streams. Codebook pre-coding can be viewed as an special case in CDD pre-coding when 
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 indicates the correlation of channel coefficient of the two layers, and 
[image: image10.wmf]2

22

2

12

2

21

2

11

h

h

h

h

p

+

+

=

 indicates the ratio of the signal strength of two layers. The 
[image: image11.wmf]coded

pre

R

-

 and 
[image: image12.wmf]coded

pre

p

-

 are trade-off, and optimal 
[image: image13.wmf]k

f

 allows an SM system to achieve its maximum de-multiplexing performance.

Approach 2: Golden Code

Consider four data symbols, 
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 are transmitted over antennas 1 and 2 consecutively on subcarrier k. By using Golden code, the signals at the transmit antenna array are,
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. Golden code presents the best performance with respect to other schemes since it benefits from its full diversity.

Approach 3: Linear coding in [4Tx 2Rx]

At least the typical deployment antenna array in IMT-A is [4TX, 2Rx], so the more efficient Linear Coding could be designed to de-correlate two layers of stream, and both to balance the power of the two layers. Even it is open-loop, the scheme is to improve the de-multiplexing in LOS channel, but it also retains the performance in NLOS channel.

2.2 Enhanced MBSFN transmission
In case of multi-cell transmission the cells and content are synchronized to enable for the terminal to combine the energy from multiple transmissions without additional receiver complexity. When multiple transmit and receive antennas and multiple transmit and receive chains are available, it becomes logical to exploit the MIMO benefits for E-MBS traffic as well. A key difference between unicast and broadcast, however, is that only “open-loop” MIMO techniques can be utilized for MBSFN. This includes some form of transmit diversity or “open-loop” spatial multiplexing of multiple streams.
Inter-cell transmit diversity
Inter-cell transmit diversity improves the receive performance of users on the cell edge. When it’s applied in SFN area, all the BS transmit the same content to certain users. Cells are divided to multi-groups and each cell group mapped into one virtual antenna. Between these virtual antennas transmit diversity is applied, such as CDD, SFBC or STBC. But it should be pointed out that the assured diversity gain of transmit diversity for broadcast with SFN operation need further study.

Intra-cell spatial-multiplexing
Since the SFN and inter-cell MIMO transmission scheme can assure the diversity gain, therefore spatial-multiplexing techniques become attractive for intra-cell MIMO transmission. But for open loop spatial multiplexing, it also has strict limitation for multicast in the correlated channels, for example LOS.

So the enhanced MBSFN transmission is to study how to realize the SFN Open-loop Collaborative MIMO (SOLCo-MIMO), i.e. joint transmit diversity and spatial multiplexing to achieve the higher spectral efficiency and performance. The basic idea is to design the optimal joint inter cell transmit diversity and intra cell spatial multiplexing scheme to

1) Achieve the maximal diversity again, and 

2) Weaken the channel correlation.

The deployment of SOLCo-MIMO is illustrated in Figure 2.
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Figure 2 SOLCo-MIMO deployment
In Figure 2, the black BS, BS 1,3,5,… comprise a MBSFN transmission, and the blue BS, BS2,4,6,… comprise another MBSFN transmission. These two subsets of BS are all equipped with multiple transmission antennas. The coverage of odd BS and even BS are interleaved together, which may maintain the original range therefore two subsets of BS compose two partial MBSFN, or the BS may increase their Tx power to compose a full MBSFN.

Partial MBSFN ( subsets of BS have the same transmit power and coverage as the original, is suitable applied the mixed (multicast & unicast) carrier mode.

Full MBSFN ( subsets of BS have the higher transmit power and overlap coverage, is suitable the dedicated carrier and large cell mode.

Figure 3 shows the deployment examples of CDD inter-sector in Partial MBSFN and SFBC/STBC inter-cell in Full MBSFN. Of course, the CDD inter-sector with Full MBSFN would gain the high performance. In [1], another example to use MIMO technique for MBSFN operation is introduced where, the 3/4 transmission efficiency SFBC/STBC is applied in three subsets of BS. Comparing to the traditional MBSFN, extra transmit diversity gain of group BS could be obtained at high SNR.
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Figure 3 CDD in partial MBSFN and SFBC/STBC in full MBSFN

Additional transmit diversity is not expected to bring significant benefit in SFN transmission mode. But for network based macro diversity, it could be studied more. Maybe it would give some help to the SFN open-loop spatial multiplexing. Anyhow, the emphasis in SOLCo-MIMO is the part of SFN open-loop spatial multiplexing.
3. Enhanced single cell transmission

In recent years, Content Delivery Network (CDN) and Peer-to-Pear (P2P) networks have emerged as two effective paradigms for delivering multimedia contents. An important feature in CDN and P2P networks is the data redundancy across multiple servers/peers, which enables efficient media delivery. For such application, Single Cell E-MBS transmission mode is more suitable than MBSFN transmission.

For the SC E-MBS transmission, some advanced physical techniques, e.g., link adaptation, hybrid-ARQ (HARQ), closed-loop MIMO, etc. could be used to improve the receiving performance of the MS with controlled feedbacks over air interface from terminals to BS. Thus, in this section, we provide some further investigation on different IMT-A candidate technologies for SC E-MBS transmission.

3.1 MIMO, HARQ and AMC for SC E-MBS

The introduced technique would address the following requirements of E-MBS:

· Improved coverage and reliability

· Increased spectral efficiency
Based on the E-MBS evaluations, different channel qualities from BS to different MS result in different receiving performances at MS.  Therefore, the MS(s) with the worst performance(s) should be considered by the BS so that the coverage could be improved.  We introduce the following technical components for this issue:

Feedback signals

Proper feedback schemes and corresponding transmission schemes for the worse case MS may improve the E-E-MBS coverage and reliability.

· CQI feedback: Based on the quantized CQI feedback, the BS knows the channel quality of all MS and designs the appropriate MCS strategy;

· CSI feedback: The MS with the channel quality below a threshold feedback their CSI, and the BS will design special transmission strategy for these MSs.

Codebook design for multiple antennas

· Maximum selection approach: The codebook is designed based on the selection of the maximum antenna channel gain for the worst MS.

· MMSE approach: The codebook is designed based on the decoding MMSE of the worst MS.

The NACK, CQI information including possibly MIMO related information could be feed back to BS for SC E-MBS transmission. Based on the possible feedback information, e.g., NACK, CQI or the combination of them, there are the following three typical operation modes for SC E-MBS:

1) HARQ and no AMC

2) AMC and no HARQ

3) Both HARQ and AMC

For the first operation mode, the packet is re-transmitted on the common resource using previous MCS configuration once BS receives NACK from any MS. For the second operation mode, the new packet is transmitted using the re-configurable MCS which is selected according to the worst reported CQI.

For the last operation mode, 

· If any MS sends NACK back to e-NB, the packet is re-transmitted on the common resource

· The MCS (used on the whole frequency band) is selected according to the worst reported CQI

In IMT-A, the last mode is preferred due to the higher performance requirement.

For the last operation mode, i.e., both HARQ and AMC, if any MS who receives wrong packet feeds back NACK to BS, it will result in uplink signaling overloaded especially under hot spot. In order to decrease the uplink NACK signaling overhead, in other words, decreasing the re-transmission probability, some effective triggering mechanism, i.e., so called conditional uplink signaling feedback should be considered. On the other hand, network coding based retransmission over multicast is a good technique to save the transmission resource.

3.2 Beam-forming for SC E-MBS

It’s well known that beam-forming is an advanced closed-loop multiple antennas technology to improve coverage and cell edge MS’ throughput. And the feedback signaling, i.e., multiple antennas related information include, e.g., PMI (pre-coding matrix index) etc. Two kinds of beam-forming operations have been extensively discussed in 3GPP R8 for unicast. One is downlink (DL) beam-forming based on uplink (UL) feedbacks and the other is DL beam-forming based on UL estimation.

For SC E-MBS with beam-forming, the main drawbacks of the existing beam-forming schemes are summarized as follows. 

1) UL feedback signaling overheads restriction: the existing beam-forming schemes need all MS to feed back channel information, e.g., long-term channel correlation matrices or short-term channel state information (CSIs) to BS.

2) Max-min principle is used for all beam-forming schemes. At a result, the worst-case MS’s receiving performance is largely improved but at the cost of deterioration of other MS’ performance. Since E-MBS is p-t-m and lots of MS share the same time-frequency resources, other MS may suffer from performance loss if the narrow beam targets that worst-case MS.

In order to overcome the main drawbacks of those existing beam-forming schemes for SC E-MBS, the following two kinds of beam-forming operations could be considered. 

1) When HARQ is used for SC E-MBS, a hybrid scheme may be used and is nominated as “Approach-1” in latter discussion. 

2) When not to consider re-transmission, there are both possible operations. One is open-loop beam-forming operation. A composite beam-forming based on user grouping may be used and it’s nominated as “Approach-2”. The other is closed-loop beam-forming operation. A fixed beams based beam-forming may be used and it’s nominated as “Approach-3”. 

Approach-1:

This hybrid scheme can be viewed as the combinations of open-loop transmit diversity, DoA based beam-forming and the HARQ. 

For the initial transmission, full rate and full diversity SFBC is used. When the transmit antenna number is larger than 2, e.g., 4 or 8, two antennas with wider spacing are selected for initial transmission. Dual thresholds, e.g., effective SINR thresholds, are used here for conditional uplink feedback. Only those MS whose decoded SINR are between the thresholds need to signal back to BS. At BS, DoAs of those signaled MS can be estimated using all receiving antennas. For the retransmission, DoA based beam-forming is done based on max-min principle using all transmit antennas. When maximum retransmission number is achieved or if there are no MS between the thresholds, begin new transmission. 

Approach-2:

This scheme could be seemed as the composite beam-forming operation based on user grouping at BS. It’s explained in detail as follows.

Firstly consider small MS number, i.e., total user number K is small. The same symbol s is transmitted to all K MS on the same time-frequency resource. DoAs of all MS can be obtained by long-term UL estimation at e-NB. DoA based beam-forming is used to form a composite beam, i.e., w1+w2+…+wK which implicitly includes total K beams to point to K different MS respectively. When MS number is large, MS grouping should be considered. Assuming there are G MS groups and those MS with similar DoAs should be put into the same group if possible. How to determine the beam direction when not just one MS exists in the MS group? Two methods can be used. One is that the beam direction is pointed to the worst-cast MS and the other is that it’s pointed to any random MS within that MS group. All MS need to feed back receiving average SINR to e-NB otherwise the worst-cast MS could not be selected among the MS group compared with the second method. Basically, the second method is preferred since on the one hand, it does not need any feedbacks or less feedbacks from MS to e-NB, on the other hand, the performance loss resulted from random selection is little due to the similar DoAs for all MS within that MS group. 

Approach-3:

This scheme is the extension of fixed beams based beam-forming for unicast to SC E-MBS. The fixed beams based beam-forming, i.e., Grid-of-Beams (GoB) for unicast has been introduced in WINNER project [2]. For SC E-MBS, how to use it? It is explained in details as follows. 

The GoB pattern is pre-determined at BS. For the initial transmission, any PMI is selected from GoB. At MS receiver, the optimum PMI is selected from GoB based on the maximum average SINR and feedback the selected PMI is fed back to BS. At e-NB, all the PMIs feedback from all MS should be classified into groups, e.g., total G groups. The same PMIs should be put into one group. Here one PMI corresponds to one MS, in other words, the group size denotes the feedback MS number. Based on the groups at BS, two policies may be used for the next beam-forming weight coefficient updating, which further, results in two fixed beams based beam-forming schemes as follows. 

1) For the first policy, that group with the most PMI number is selected out from all G groups and the corresponding PMI is used for the next BF updating. Since this group has the maximum MS number with the same PMI, it’s better than other groups used for the next beam-forming updating from the perspective of system performance improvement. As a special case, when any group has just one PMI, i.e., one feedback MS (maybe occur if SC E-MBS MS number is smaller than or equal to GoB size), max-min principle can be still used to update the beam-forming weight. In other words, the PMI corresponding to the worst-case MS is used for the next beam-forming updating.

2) For the second policy, total G beam-forming weight coefficients, i.e., wi, i = 1,…,G, are composed into one beam-forming weight, that is wc = Σwi. The final composite weight coefficient wc is used for the next beam-forming updating.

4. E-MBS transmission cooperative with Relay

Relay station (RS) is an important enhancement scheme on coverage and capacity in IMT-advanced. When half-duplex mode RS is used, generally two step reception/forwarding procedure is used for RS transmission. When RS is deployed in SFN area, RS and BS transmission can be considered to perform some cooperative combining and additional gain such as SFN RF combining gain, soft/selective combining gain, spatial diversity gain can be obtained to improve RS/BS marginal area performance.

Figure 4 shows some deployment scenarios of RS located in the SFN area, such as sccenario1 RS for coverage hole in SFN area, sccenario2 RS for some signal decrease area in the edge of SFN area and sccenario3 RS for some signal decrease are in the center of SFN area. And some different schemes for RS BS combining can be performed to have additional gains for some boundary users in different scenarios.
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Figure 4 RS can be deployed in SFN area and RS BS combining can be performed to obtain gains

There are some alternatives schemes for RS transmission to achieve aforementioned purpose in different scenarios.
· Alternative 1: Collaborative MIMO scheme for inter-RS/BS spatial combining scheme
In some RS deployment scenarios such as scenario2 and scenario3 especially for the co-receiving RS and BS signaling area users, the collaborative MIMO scheme with RS and BS transmission can be used for E-MBS transmission to improve RS/BS overlapping area users’ performance. Similar to the inter-RS/BS SFN operation transmission the BS also would transmit the data twice, one for RS and the other for redundancy transmission. But for the RS transmission and BS second redundancy transmission the STBC/SFBC MIMO coding between the RS and BS would be performed and correlated signals is sent out across different transmit antennas of BS and RS. Then the users receive RS and BS signaling and spatial diversity gain can be achieved.
· Alternative 2: Repeat transmission pattern for inter-RS/BS SFN operation scheme

RS can participate in the SFN operation with inter-RS/BS RF combining. In RS and BS coverage overlapped area the user can obtain the SFN combining gains from RS BS signaling boosting such as sccenario3. As the half-duplex mode if RS participates the inter-RS/BS SFN operation it requires the all involved BS to reserve some time slots for receiving E-MBS data from its serving BS and keep on the synchronization. One simple repeat transmission pattern can be pre-configured in all involved BS and RS to enable E-MBS SFN transmission. Figure 5 gives an example.
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Figure 5 Repeat transmission pattern to achieve inter-RS/BS RF combining

· Alternative 3: Alternative transmission pattern for inter-RS/BS soft/selective combining scheme

RS also does not participate the SFN operation with BS. But some inter-resource block combing between RS and BS transmission can be used to improve the RS-BS marginal area users’ performance. RS can transmission the same E-MBS data with different resource comparing with BS. Then users receive RS and BS transmission both and perform the soft combining of RS and BS transmission because of only one TTI difference between these two transmission. The selective combining between RS and BS transmission with more relaxed synchronization requirement also can be performed for RS-BS marginal users. One simple RS/BS cooperative transmission scheme is all BS and RS transmit the E-MBS data with alternative fixed pattern. The first slot for RS and the subsequent slot keep silent. Figure 6 gives an example.
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Figure 6 Alternative transmission pattern for inter-RS/ BS soft/selective combining

· Alternative 4: RS selective transmission to keep silent for E-MBS scheme
In scenario 3 RS can also not involve to E-MBS transmission and not impact on the original SFN operation. Then RS can distinguish the received E-MBS data packet from its serving BS. RS can selectively not transmit the E-MBS data packet and keep silent. The resource used to transmit the E-MBS data in BS should also be informed to RS. RS should reserve these resource to avoid the interference just like the reserved cell operation.

· Alternative 5: Full-duplex mode RS for some special case in scenario1
For some special deployment instance in scenario1 the full-duplex mode RS can be considered as the solution to perform RS E-MBS transmission without SFN operation. Because under this deployment scenario the isolation can be achieved well, the full-duplex mode RS is the simplest way to implement the coverage extension. Full-duplex mode RS can simultaneously receive and transmit the E-MBS data. And it has no impacting on the original SFN operation transmission.
5. Network coding for multicast retransmission

In normal case one packet is retransmitted when any user in the multicast group requests this packet retransmitted. The retransmitted packet is also broadcasted in the whole cell and thus all MS can receive it. However, this scheme occupies much transmission resource when the multicast group is large. In this section, the unique property of multicast is made use of to save some retransmission resource. In multicast mode, different packets of the same sequences of data may be lost at different MS. Thus the former received packets may be made use of to save retransmission resource. Multicast retransmission with network coding is to retransmit the coded combination of several packets. And at the receiver side, by canceling the known accurate received packet, the retransmission packet could be detected in required MS.
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Figure 7 Example of error pattern of a multicast group

For conventional retransmission scheme example in Figure 7, 4 packets, namely P3, P4, P5 and P7, need to be retransmitted. If network coding is applied, only two network coded packets, 
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, need to be retransmitted. The coded packets can be decoded at MS with the corresponding packets which had been successfully received in the former transmission. For example, MS3 derives P4 by the operation of  
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For random network coding, MS requests packet to be retransmitted when the CRC checking failed. BS collects the requests and saves the requested packet numbers. In each transmission slot, BS checks the retransmission buffer, chooses two packets randomly, encodes them and transmits the encoded packet. Since there’s no need to ensure all the packets to be decodable, the processing in BS is of low complexity.

The simulation results of multicast retransmission with network coding are shown in Figure 8. When the redundancy factor is equal to 1, that is, each erroneous packet is network coded and retransmitted just once, is of the least packet retransmission. The redundancy factor can also be larger than 1, that is, some of error packets are coded and retransmitted more than once, for example, suppose the network coded retransmission is α times than that of the least packets scheme. When α is equal to 1, 35% ~ 48% of retransmission resource can be saved at the cost of worse receiver PER than the normal multicast retransmission scheme. To remain the same PER, more redundant network coded packets are retransmitted. According to Figure 8b, 1.5 times redundant network coded packets retransmission could keep the same PER level for more than 30 MS in the multicast group and correspondingly in Figure 8a, with 1.5 times redundancy, multicast retransmission with network coding would save 25% retransmission resource.
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Figure 8a Retransmission packets ratio                             Figure 8b receiver PER ratio
6. Optimal unicast and E-MBS integration
TDM integration of E-MBS and unicast is easy to implement at the cost of low spectrum efficiency with  orthogonal resources allocation. On the other hand, the unicast service compete the limited resource with E-MBS services when the traffic load is heavy.

In order to improve, we propose to integrate unicast and E-MBS signal by using Dirty Paper Coding. DPC is applied to one of the signals by taking the other one as “interference” before the superimposition. Using this method the full system resource is available to both E-MBS and unicast signal. The interference of one of the signals to the other can be eliminated via DPC thus improves the overall capacity and efficiency. We call the proposed integration of unicast and E-MBS services as “DPC integration” in the rest of this document. 

DPC technique makes the interference not incur any loss in capacity and therefore has larger achievable rate than superposition. DPC technique is proved to have larger achievable region than that of interference channel [3].

DPC can be applied to either unicast signal or E-MBS signal. The complexity of transmitter design is same for both options. In scenario of single cell, both options work. In scenario of multi-cell MBSFN, the former option has advantage over the latter one. If DPC is applied to unicast signal, after linear added to DPC-encoded unicast signal, E-MBS signal from different cells can still keep the SFN characteristics. So we describe the detailed design for this case in the rest.

· User Plane design

Without generality, unicast signal and E-MBS signal are integrated in a certain time unit as shown in Figure 10. The resolution of the time unit can be defined by the system.
DPC does not require the same power ratio as that of superposition and therefore user plane scheduling of unicast streams is not impacted with it. Unicast streams from different users are mapped into different subcarriers. At each subcarrier, the unicast stream is DPC encoded (taking E-MBS signal as interference) before transmitted together with E-MBS symbols in the same subcarrier. 

The proposed DPC integration does not need channel state feedback from MS since both unicast and E-MBS signals experience the same channel situation for a certain MS. On the other hand, the proposed solution does not need successive encoding of multi-users and therefore is easy to implement.


[image: image38.emf]Subcarriers

Time

Power

Unicast stream n

E-MBS stream

Unicast stream 1

Unicast stream 2

time unit


Figure 10 unicast and E-MBS integration by DPC
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Figure 11 Transmitter with DPC integration of unicast and E-MBS
In the receiver, MS receiving unicast signal do not need to decode E-MBS signal firstly as superposition method. Therefore channel estimation error of E-MBS signal or imperfect interference cancellation will not result in un-decodable unicast signal.

MS expecting different signals of DPC integration decode their expected signal independently. MS receiving the DPC-encoded signal decode DPC based on instruction of control signaling, e.g. when to perform DPC decoding. The MS receiving the other signal decode without awareness of DPC application in the transmitter.

7. Conclusion

This document discusses the potential key technologies for E-MBS to achieve higher performance improvements comparing with 16e, which include,

· Increase the spectral efficiency of MBSFN transmission

· Enlarge the capability of single cell transmission 

After investigations of the key technologies to enhance the E-MBS performance, we suggest 802.16m to discuss them and identify them for further study.
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15 Support for Enhanced Multicast Broadcast
15.1 General

The targets, specifically the spectrum efficiency for E-MBS in 802.16m should be better than those studied in 16e. In case of multi-cell transmission, E-MBS single frequency network (SFN) still is the most important mode for E-MBS transmission. To achieve the higher performance improvements for SFN, some techniques e.g. multi-antenna techniques should be considered. In case of single-cell transmission, some potential unicast alike techniques might also be further adapted and then applied for E-MBS single cell transmission. Both for multi-cell and single cell transmission, the improved integration scheme of unicast and E-MBS services for better effective utilization of radio resources comparing with 16e should be further investigated.

…

15.2 Enhancements to MBSFN MIMO 

15.3 Enhancements to single cell transmission

15.4 E-MBS transmission cooperative with Relay

15.5 Integration of unicast and E-MBS
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