	Project
	IEEE 802.16 Broadband Wireless Access Working Group <http://ieee802.org/16>

	Title
	Downlink Control Channel Structure Proposal for IEEE 802.16m

	Date Submitted
	March 17, 2008

	Source(s)
	Sassan Ahmadi  (sassan.ahmadi@intel.com) 
Intel Corporation
Hujun Yin (hujun.yin@intel.com)                               Intel Corporation
Yi Hsuan (yi.hsuan@intel.com)                                 Intel Corporation

	Re:
	Call for Contributions on Project 802.16m System Description Document (SDD)

	Abstract
	Proposal for IEEE 802.16m Downlink Control Channel Structure

	Purpose
	Discussion and Approval

	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>.



Downlink Control Channel Structure Proposal for IEEE 802.16m
Sassan Ahmadi, Hujun Yin and Hsuan Yi
1. Introduction and Background
The downlink control channel delivers important L1/L2 control information that requires highly reliable transmission without reliance on retransmissions. The reliability of the control channel is a crucial factor in the cell-edge coverage and overall system performance. The overhead of the control channel also affects the overall system and application capacity and performance. Furthermore, the structure and complexity of the control channel also have significant impact on latency, complexity and power consumption. Therefore, the structure, efficiency and reliability of the control channel under adverse conditions shall be taken seriously into account during the design phase.
In this contribution an attempt has been made to review and evaluate the advantages and disadvantages of different control channel structures and to provide a recommendation on the way forward for the downlink control channel structure.
It is imperative to identify the issues with the structure and performance of the control channel structure of the reference system [2] before providing any new solution. Therefore, in the following section the key attributes of a number of control channel structures specified in mobile WiMAX reference system are critically reviewed.
1.1 Different Control Channel Structures in IEEE 802.16e-2005 STD

Figures 1 through 4 illustrate some prominent control channel structures specified by IEEE 802.16e-2005 STD [1]. It must be understood that the control information in IEEE 802.16e-2005 STD are transmitted and treated as a MAC management message; i.e., MAC management message types 2 and 3 for DL-MAP and UL-MAP, respectively. The DL-MAP and UL-MAP are broadcasted management messages that define the access information for the DL and UL, respectively. Information in the DL-MAP is about the current frame (i.e., the frame in which the DL-MAP message is transmitted) whereas information carried in the UL-MAP concerns a time interval starting at the following radio frame. 

The DL-MAP IEs define a two-dimensional allocation in the downlink sub-frame. The DL-MAP IE parameter specifies DIUC, OFDMA symbol offset, sub-channel offset, power boosting, the number of used OFDMA symbols, number of sub-channels, and code repetition indication. The UL-MAP IE has almost the same parameters (UIUC instead of DIUC) and additionally specifies the ranging method parameter. 
The DL-MAP and UL-MAP messages start with GMH followed by DL and UL MAP IEs. The GMH is a 6-byte field containing the length, CID (in the case of MAP a broadcast CID), header type, etc. In the following, the key features of the existing MAP structures are summarized. Note that the DL-MAP is located immediately after the FCH. UL-MAP always follows the DL-MAP in each radio frame. There are one DL-MAP and one UL-MAP in each radio frame.
To increase the reliability of the MAP transmission, the MAP message is encoded using a robust MCS with code repetition of e.g. 4 although other repetition factors may also be used.  This further increases the size of the MAP and adds to the overall L1/L2 overhead.

[image: image1.emf]
Figure 1: Structure of the normal MAP

Normal MAP key features:

· Management messages (GMH and CRC)

· DL-MAP IEs and UL-MAP IEs
· Burst profile (DIUC and UIUC)
· Zone switch IE 
· Other control information (e.g. power control)
[image: image2.emf]
Figure 2: Structure of the compressed MAP

Compressed MAP key features

· No GMH and one CRC

· DL-MAP IEs and UL-MAP IEs
· Burst Profile (DIUC and UIUC)
· Zone switch IE
[image: image3.emf]
Figure 3: Structure of the normal MAP extension for H-ARQ

Normal MAP extension for H-ARQ key features

· H-ARQ for downlink and uplink

· H-ARQ DL-MAP IEs and H-ARQ UL-MAP IEs
· Nep and Nsch DIUC and UIUC (The combination of NEP code and NSCH code indicates the number of allocated subchannels and coding and modulation schemes for the DL and UL bursts separately)
[image: image4.emf]
Figure 4: Structure of sub-DL-UL MAP
Key features of sub-DL-UL MAP:

· Different modulation and channel coding with MAP

· HARQ for downlink and uplink 
· Two dimensional allocation (rectangular burst allocation and frequency first sub-burst mapping within the rectangular allocation)
· HARQ DL-MAP IEs and HARQ UL-MAP IEs
· Nep and Nsch and DIUC and UIUC
Among the above structures the normal MAP is specified as mandatory in the standard [1]; however, due to inefficiency of the normal MAP, the sub-DL-UL MAP and compressed MAP have been required by the mobile WiMAX profile for implementation in the MS and BS [2].
1.2 Summary of Issues with the Reference System DL Control Channel Structure
There are several issues with the existing control channel structures that motivate a new design for the IEEE 802.16m control channel structure.

1. The size of the DL/UL MAPs as well as the UL control channel has a direct impact on the L1/L2 overhead. Currently the MAP varies from 2 to 12 OFDMA symbols, in some applications (such as VoIP), it results in large overhead. The overhead must be reduced in order to meet the requirements on spectral efficiency, sector throughput, and user throughput.
2. In TDD mode, the scheduling occurs once every 5 ms, the DL scheduling is relevant in the same DL subframe and the UL scheduling is relevant in the UL subframe of the next frame. The H-ARQ retransmission latency and ultimately performance are adversely impacted because the existing control channel and signaling structure may require retransmission every third frame, resulting in a retransmission latency of approximately 15 ms. This latency is more than what is required to meet the air-link access latency for the IEEE 802.16m.
3. The message-based MAP and other control information/messages in the legacy system can be sometime inefficient. For example, the message-based power control is very inefficient when a high power control rate is used.
4. The MAP has large fixed overhead in GMH and other fields. Furthermore, there are many unused options in 16e that require additional bit fields in the IEs that will never be used. The flexible rectangle resource allocation in DL is not every efficient in resource indexing. Given a low MCS and high code repetition that are used for MAP transmission, the radio resources are not efficiently utilized, resulting in decrease in spectral efficiency and user throughput.

5. The MAP coverage; in the reference system, the MAP is transmitted in SISO mode. It does not adequately exploit the base station multiple antenna capability. Furthermore, the MAP zone can only be reuse 1 or reuse 3 due to its frequency first mapping rule. The limited flexibility in managing the interference may lead to poor cell edge performance.  

Also, there are a few desirable characteristics of the reference system MAP design as follows: 

1. TDM of MAP and user traffic: the TDM of MAP and user data allows better power efficiency by enabling micro-sleep
2. Sub-MAP structure: the sub-MAP structure allows flexible tradeoff between reliability and efficiency. By grouping users of similar characteristics together, one can choose the best MCS level to deliver the MAP message with desired reliability.  Furthermore, by grouping users together, some of redundancy can be reduced.
3. Flexible MAP IE structure: the MAP IE format is every flexible. It is easy to extend the IE format to support new features. 

2. Control Channel Design Considerations

Discussion of the IEEE 802.16m control channel structure would require a careful consideration of the IEEE 802.16m system requirements that pertain to the control channel. Since the MAP (medium access protocol) is the most important part of mobile WiMAX reference system control channel structure, we will focus on the design of control channel related to mobile WiMAX reference system MAP in this contribution [2]. The terms “control channel” and “MAP” are used interchangeably in this document.
2.1 Control Channel Design Requirements

Among the requirements in IEEE 802.16m SRD, there are certain requirements pertaining control channels and the associated performance, those include:
· Cell coverage and improved link budget. A mobile station at the cell edge (the worst case is a 5 km cell size within which optimal performance is required) must be able to decode the control channel with probability of packet error of less than 1%  and outage probability of less than 5%. The relationship between 5% outage target SINR and the maximum pathloss with frequency reuse 1 is shown in Figure 5, where maximum pathloss is defined as the pathloss at cell boundary. 

Therefore, two design parameters defining the control channel reliability and coverage are the PER of less than 1% and outage probability of less than 5% (see section 13.1.1.1 of IEEE 802.16m evaluation methodology document).
To design the DL control channel one should calculate the maximum pathloss corresponding to the cell size (based on a pathloss model suitable for the cell geometry) and from Figure 5 (or a similar curve) derive the worst cast 5% outage SINR at which the mobile stations must be able to detect and decode the DL control channel with PER of less than 1%. This information will ultimately translate into selecting the appropriate MCS, TX diversity, etc. for the DL control channel in order to meet the cell-edge performance requirements.
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Figure 5: DL 5% outage SINR versus maximum pathloss using the baseline pathloss model
Note that control signaling is one of the factors limiting cell coverage; operation is not possible beyond the point where the probability of decoding of control signaling is too low. The main challenge at the cell edge is to meet the Eb/N0 required by the control channel, given the C/I experienced by the MS. Obtaining a sufficient Eb/N0 at the cell edge can be done in following ways:

· Processing gain; i.e., a sufficiently low code rate in the error correcting coding
· Improve C/I at the cell edge, e.g. through power control for frequency reuse
· Use of TX diversity or other multi-antenna techniques improves control channel reliability at the cell-edge.
· Reduced overhead: Overhead for control signaling shall be reduced to increase the spectral efficiency and application capacity (most importantly VoIP capacity). It is recommended that the maximum control channel overhead be limited to 20%.
· Enhanced power saving in the mobile stations: by allowing periods of micro and macro-sleep in the operation of the mobile station. The choice of control channel multiplexing with user traffic has a direct impact on this requirement.
· Reduced Complexity: the complexity of the control channel structure and signaling protocols must be minimized to avoid excessive system complexity and processing power that directly translates to more efficient and less complex architectures for the mobile stations. The MS should not be required to perform blind decoding of a large number of control signaling formats.
Connectivity requirement in the high mobility region requires that synchronization, broadcast, and common control channels can be reliably decoded at vehicular speeds up to 350 km/h.
· Multi-radio coexistence consideration: to support different multi-radio coexistence scenarios, the control channel multiplexing with user traffic should not span excessively across time. This would allow coordination of the scheduling of collocated multi-radio devices.
· The similarity of control channel structure in all duplex schemes; i.e., FDD, TDD, and H-FDD. This would allow common baseband processing irrespective of the duplex scheme.

2.2 Frame Structure

A frame structure proposal for IEEE 802.16m has been submitted by the authors in [3] where a fully backward compatible super-frame/frame/sub-frame paradigm was proposed. In the proposed frame structure, a super-frame comprises an integer number of radio frames and each frame consists of an integer number of sub-frames where each sub-frame is further composed of an integer number of OFDMA symbols. This is shown in Figure 6.


[image: image6]
Figure 6: Illustration of the new frame structure concepts

The super-frame header may include system configuration information. Including in the system configuration information is RS or BS type, cell type, duplex mode, etc. In [3], it is shown that legacy and new BS/MS/RS DL or UL transmissions can be time-division-multiplexed over the duration of the radio frame. Furthermore, OFDMA multiple access scheme is recommended for DL and UL transmissions. The proposed frame structure is the same for TDD and FDD duplex modes, enabling common baseband processing for both duplex schemes. 

2.3 Multiplexing of Control Channel and User Data
There are several ways where the control and user data can be multiplexed. We will be focusing on the TDM and FDM techniques in this contribution. 
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Figure 7: Multiplexing of control channel (control blocks) with user data (data block)
Figure 7 shows the concept of multiplexing of control and data over the time and frequency resources. We define control blocks and data blocks within certain sub-frames where control and data blocks are mapped to one-dimensional resource blocks. Note that we assume that there are 6 OFDMA symbols in each sub-frame. In the case of TDM/FDM, the control channel is limited within the boundaries of a sub-frame and the number of sub-carriers in the frequency domain are an integer multiple of the number of sub-carriers in a one-dimensional resource block. The following table summarizes the pros and cons of the each multiplexing scheme. It is shown that combination of the TDM and FDM over the extent of sub-frame (as shown in Figure 7) enjoys the advantages of TDM and FDM. To efficiently utilize the radio resources and to reduce complexity, it is further recommended to allocate the radio resources in the units of one-dimensional physical resource blocks. Therefore, unused physical resource blocks in the sub-frames that contain the control channel can be used for scheduling user data.
	Mode
	Pros
	Cons

	FDM
	Regularity of sub-frames can be maintained
Power sharing between control and data possible
Reuse factors > 1 possible
	MS power saving (micro sleep periods) not possible
Difficult to support multi-radio coexistence
Longer data buffering and processing delay

	TDM
	Frequency diversity possible
MS power saving (micro sleep periods) possible
Multi-radio coexistence possible
	Power sharing between control and data not possible
Irregularity of the sub-frames
Difficult to support reuse factors > 1

	TDM/FDM

over sub-frames
	Regularity of sub-frames can be maintained

Power sharing between control and data possible

Reuse factors > 1 possible

Frequency diversity possible

MS power saving (micro sleep periods) possible

Multi-radio coexistence possible
	Increased control channel duty cycle than TDM within subframe
Reduced efficiency in micro-sleep and coexistence
Difficult to support more switching points in 5ms frame


Table 1: Comparison of different multiplexing schemes


[image: image8]
Figure 8: Illustration of TDM/FDM multiplexing of control and data over the extent of a sub-frame. The interval and size of the control channels are hypothetical. Also the super-frame header and synchronization channels are not shown. The individual control channels shown here are two sub-frames apart.
When supporting non-transparent relay mode, the relay stations will receive and/or transmit control information in the access and relay zones; therefore, the relay and access zones require separate control blocks to properly communicate with the mobile stations in their coverage area.
2.4 Pilot Structure for the Control Channel

Another important consideration in the design of the control channel is the type of pilots (common or dedicated). Depending whether joint or separate coding of the control channel for the mobile stations is utilized, common or dedicated pilots provide advantages and disadvantages. This information is summarized in the following table. Note that common pilots are reference signals with predetermined locations that are not precoded and are useable for channel estimation by all mobile stations. 
	Pilot Format
	Pros
	Cons

	Dedicated
	Pilots embedded in localized sub-carrier clusters
Per-channel optimization- beamforming/power boosting

Allows boosting of the control channels and further allows beam-formed sub-maps to user groups
	Difficult for frequency first mapping

Require narrowband pilots which are in general less efficient than wideband

	Common
	Shared pilots suited for broadcast/ multicast

Allows wideband pilots which are more efficient when no precoding/boosting is used
	Issues with power boosting
Does not allow beam-forming


Table 2: Comparison of different pilot types for the control channel
2.5 Unicast or Broadcast Control Channel

The legacy system uses a broadcast/multicast control channel to schedule the users in the DL and UL. That is the DL-MAP and UL-MAP is received by all mobile stations in the coverage area of the base station. In contrast, other air-interface technologies use a unicast (separate coding for each mobile station) control channel to individually deliver DL and UL control and signaling information to the users. The advantages and disadvantages of broadcast (joint coding of all mobile stations’ control information) versus unicast (separate or individual coding of mobile stations) coding of control channel are summarized in the following table.
	MAP Format
	Pros
	Cons

	Broadcast
	Single MAP;

Better coding gain;

Better packing

efficiency;

MS has access to all

allocation information
	Lower spectral efficiency

	Multicast

(Sub-MAP)
	Multiple sub-MAPs

Moderate packing

efficiency

Moderate spectral

efficiency
	More complex power /MCS

Adaptation

	Unicast
	Flexible power/MCS

adaptation

High spectral efficiency
	More complex power /MCS

adaptation

More complex MAP decoding

Lower packing efficiency

MS may only have access to its own

allocation 


Table 3: Comparison of different control channel designs
The fundamental tradeoff of broadcast vs. unicast control channel transmission is that the broadcast transmission mode can be more efficiently compress the control information bits while the unicast transmission format can more efficiently adapt the transmission parameters (MCS, power) according to each user’s channel condition. The multicast is a tradeoff between the broadcast and unicast transmission formats. 
3. Proposed Downlink Control Channel Structure
In the previous sections, some important requirements and considerations in the design of the control channel structure were discussed.  While the proposed control channel structure is similar for TDD and FDD duplex schemes, the location of the control channel (MAP) may be different for the FDD and TDD systems. Each control block shown in the following figures represents a sub-MAP, therefore, allowing for some flexibility in positioning the MAP using the pointer IEs. 

3.1 TDD Mode

Figure 8 illustrates the proposed control channel structure for the TDD systems while supporting legacy systems. Some considerations have been made to ensure satisfaction of the design requirements as follows:

· Limit MAP to one within sub-frame

· MAP overhead < 20% 

· MAP TDM with user data within frame and FDM with user data within sub-frame

· Sub-MAP structure with flexible sub-MAP adaptation (MCS, power, beam-forming)

· Efficiency and robustness

· MS power saving and multi-radio coexistence through use of TDM within frame
· One MAP every frame (scheduling interval of 5 ms)
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Figure 9: Structure of DL control channel (TDD mode)
The following table provides an analysis of the data plane access latency using the proposed MAP structure. A TTI of 0.617 ms is assumed. It is shown that the proposed structure meets the latency requirements for IEEE 802.16m. Also note that when legacy support is disabled, a shorter time interval between two consecutive MAPs can be used that further reduces the data plane access latency.
	Stage
	Description
	Latency Value

	1
	Queuing/frame alignment
	Scheduling cycle/2 = 5 ms /2= 2.5 ms

	2
	Data transmission time
	(2+3+4+5)/4*TTI=3.5 x 0.617 ms= 2.16 ms

	3
	Retransmission latency (30% retransmission)
	5 ms x 0.3=1.5 ms

	4
	Processing latency
	2*0.617=1.23 ms

	5
	Total
	7.4 ms


Table 4: TDD mode latency analysis
3.2 FDD Mode

Figure 9 shows a hypothetical MAP location for the FDD mode. A structure comprising two MAPs per 5 ms frame separated by four sub-frames is proposed that is consistent with the IEEE 802.16REV2 plans for FDD enablement. The following design considerations have been made:
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Figure 10: Structure of the DL control channel (FDD mode)

· Limit MAP to 2 sub-frames in each frame (scheduling interval of 2.5ms)
· MAP overhead < 20% (note that the entire sub-frames are not consumed by control channel)
· MAP is FDM with user data within the sub-frame

· Sub-MAP structure with flexible sub-MAP adaptation (MCS, power, Beam-forming)

· Efficiency and robustness

· MAP is TDM with user data within one frame
· MS power saving and multi-radio coexistence through TDM MAP and user data within one frame
The following table provides an analysis of the data plane access latency using the proposed MAP structure. A TTI of 0.617 ms is assumed. It is shown that the proposed structure meets the latency requirements for IEEE 802.16m. Also note that when legacy support is disabled, a shorter time interval between two consecutive MAPs can be used that further reduces the data plane access latency.

	Stage
	Description
	Latency Value

	1
	Queuing/frame alignment
	Scheduling cycle/2 = 2.5 ms /2=1.25 ms

	2
	Data transmission time
	(2+3+4)/3*TTI = 3x0.617ms= 1.85 ms

	3
	Retransmission latency (30% retransmission)
	5ms x 0.3 =1.5 ms

	4
	Processing latency
	1.23 ms

	5
	Total
	5.8 ms


Table 5: FDD mode latency analysis
4. Latency Analysis

The data-plane access latencies corresponding to different values of the time interval between consecutive control channel for FDD and TDD duplex schemes have been analyzed (based on the method that was described in the previous section) and summarized in the following table.
	MAP Location
	Latency Value

(TDD)
	Latency Value

(FDD)

	Every 4 sub-frames
	7.4 ms
	5.8 ms

	Every 2 sub-frames
	6.2 ms
	4.3 ms

	Every 1 sub-frame
	5.8 ms
	3.7 ms


Table 6: Comparison of latencies for different MAP locations

It must be noted that while the appearance of the control channel in every sub-frame has the advantage of reduced data-plane access latency, it increases the power consumption of the MS. Therefore, access latency, scheduling latency, control channel reliability and coverage, and MS power consumption must be carefully traded off.

5. Control Channel Reliability

Perhaps, control channel reliability is one the most important aspects of control channel design in a cellular system that is tightly coupled with the coverage and cell edge performance. There are certain techniques that can be utilized to ensure sufficient coverage for the control channels under adverse conditions. Those include
· MCS adaptation
· Conservative adaptation based on long-term measurement

· Adaptation based on error events

· Power control
· Boost power for low SINR users

· TX diversity techniques
· Frequency reuse

· Fractional frequency reuse
Note that the average signal to interference plus noise ratio at the receiver in the downlink SINR0, is defined as follows: 
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· G0 depends on frequency reuse, antenna pattern, shadow fading, path loss exponent and handover principles

· G0 independent of transmission power, cell size, antenna gain and penetration loss

Note that g0, gi, P0, and Pi denote the transmission loss on the main path, transmission loss on path i, transmitter power on the main path and transmitted power on path i, respectively.
5.1 Initial Simulation Results
Adapting the modulation and coding to the link condition is one of the most powerful techniques that can ensure detection of the control channels with sufficiently low error rate by a mobile user at the cell edge or a mobile user that is moving at a very high speed. Obviously, the lower the modulation and coding rate, the more robust the transmission would be; however, this would consume more system radio resources which translates into more overhead and less capacity. Therefore, there should be an appropriate tradeoff between the robustness and system capacity when selecting the MCS for the control channel in the downlink and uplink.

The use of TX diversity techniques such as STBC and/or CDD is another way of improving control channel reliability and coverage under adverse channel conditions. 
The following figures show performance of different combinations of coding, modulation and TX diversity schemes (STBC CDD). The simulations have been conducted for the reference system configuration with the following parameters:
· System bandwidth: 10 MHz,

· FFT size: 1024,

· Used subchannels: PUSC 30,

· Carrier frequency: 2.5GHz,

· Number of BS TX antennae: 2 except for SIMO simulation,

· Number of MS RX antennae: 2,

· STC mode: Matrix A,
· MAP size: 180-bytes corresponding to 30 subchannels by 2 symbols for QPSK ½. The number of symbols increases proportional to the repetition factor.
· 10000 frames per point
· Realistic channel estimation
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Figure 10: Link performance in PedB 3km/h channel
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Figure 11: Link performance in VehA 120km/h channel
6. Conclusions and Recommendations

Based on the results of comprehensive studies as well as preliminary simulations the following way forward for the DL control channel design is proposed:

1. The two design parameters that define the control channel reliability and coverage are the PER of less than 1% and outage probability of less than 5%.
2. Use of TDM/FDM; i.e., FDM over one sub-frame, for control and user traffic multiplexing
3. Use of TX diversity techniques such as CDD and/or STBC for coverage improvement

4. Multicast control channel with sub-MAP structure
5. Use of power control (power boosting) for the control channels in low SINR conditions

6. Use of MCS adaptation to ensure robustness of the control channel transmission

7. Considering the latency constraint, the individual control channel n sub-frames (n=2, 3, …, 8) apart in FDD (n=4) and TDD  (n=8). Smaller n (e.g. n=2) may be used in green field deployment for lower latency.
7. Proposed Text for SDD

Insert the following text into Medium Access Control sub-layer sub-clause (i.e. Chapter 10 in [3]):
-------------------------------  Text Start  ---------------------------------------------------

10.1 DL Control Channel Structure
The DL control channels and user traffic are frequency division multiplexed over the extent of one sub-frame in TDD and FDD modes as shown in Figures 10.1-1and 10.2-2, respectively. The DL control channel transmission is multicast with sub-MAP structure. 
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Figure 10.1-1: Structure of DL control channel (TDD mode)
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Figure 10.1-2: Structure of the DL control channel (FDD mode)

The control channels are located every n sub-frames (n=2, 3, …, 8) apart in FDD (default: n=4) and TDD  (default: n=8) when supporting legacy systems. Smaller values of n (e.g. n=2) may be used in green-field deployments for lower access latency.
-------------------------------  Text End  ---------------------------------------------------
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