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1 Introduction
The 16m relay connection chart shown in Figure 1 has been discussed in the relay adhoc group prior to and during the TGm meeting session #54.  According to the straw poll conducted in session #54, the links in solid green line will be supported, while those in red dotted line may not.
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Figure 1: 16m relay connection chart
In order to support communications on green links involving relay stations in Figure 1, the IEEE 802.16m OFDMA frame structure specified in [1] and depicted in Figure 2 has to be enhanced.  More specifically, the internal structure within a frame is the subject of extension and enhancement.
[image: image2.emf]Subframe

SF 0

Subframe 

SF 1

Subframe

SF 2

Subframe

SF 3

Subframe

SF 4

Subframe

SF 5

Subframe

SF 6

Subframe

SF 7

Frame (5ms)

F0

Frame (5ms)

F1

Frame (5ms)

F2

Frame (5ms)

F3

Superframe (20ms)

S

u

p

e

r

f

r

a

m

e

 

h

e

a

d

e

r


Figure 2: IEEE 802.16m OFDMA frame structure specified in [1]
2 Proposed Frame Structure for Relay Support
2.1 Main Features of Frame Structure

The main features that 16m frame structure for multihop relay should support are listed below.  Note that Table follows the same format of that on the 2nd page of ‎[2].
	Proponent
	In-band
	2-hop
	> 2-hop
	Non transparent
	TDD
	FDD
	Other features

	Mitsubishi Electric 
	Y
	Y
	Y
	Y
	Y
	
	MS - MS


2.2 Basic Frame Structure
Figure 3 highlights the communications between a 16m BS and its adjacent subordinate stations.
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Figure 3: Communications between a 16m BS and its adjacent subordinate stations
Figure 4 illustrates the frame structure for the communications highlighted in Figure 3.  
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Figure 4: Frame structure for the communications highlighted in Figure 3
Figure 5 highlights the communications between a 16m RS and its adjacent subordinate stations.
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Figure 5: Communications between a 16m RS and its adjacent subordinate stations
Figure 6 illustrates the frame structure for the communications highlighted in Figure 5.  
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Figure 6: Frame structure for the communications highlighted in Figure 5 
As illustrated in Figure 4  and Figure 6, a unified 802.16m frame structure can be divided into downlink period and uplink period. 

The downlink can be further divided into:

· 802.16e downlink access zone

· 16m BS can transmit to 16e MSs, and 16m MSs operating in 16e mode.

· 16m RS can transmit to 16e MSs.

· 16j RS can transmit to 16e MSs.  This is essentially the downlink access zone in 802.16j frame structure.

· 802.16j downlink relay zone / access zone
· 16m BS can transmit to 16j RSs.

· 16m RS can stay idle, transmit to 16e MSs or transmit to 16m MSs, which may depend on following factors.  Note that the ensuing list may not be exhaustive.

· Potential interference to neighbor stations, if 16m RS transmits

· Traffic pattern

· The number of 16e and 16m stations associated with the 16m RS

· 16j RS can receive from 16m BS.  A gap between 802.16e downlink access zone and 802.16j downlink relay zone would be needed in order to give 16j relay station sufficient time to switch from the transmit mode to receive mode.

· 802.16m downlink access zone

· 16m BS can transmit to 16m MSs.

· 16m RS can transmit to 16m MSs.

· 16j RS can stay idle or transmit to 16e MSs.    

· 802.16m downlink relay zone

· 16m BS can transmit to 16m RSs.

· 16m RS can receive from a 16m BS, receive from a 16m RS or transmit to a 16m RS.  A proper time gap between 802.16m downlink access zone and 802.16m downlink relay zone would be needed, if the 16m RS has to switch from the transmit mode to receive mode.

· 16j RS can stay idle or transmit to 16e MSs, which is dependent on following factors.  Note that the ensuing list may not be exhaustive.

· Ambient interference 16j RS senses

· Potential interference to neighbor stations, if 16j RS transmits

· Traffic pattern

· The number of 16e stations associated with the 16j RS

Similarly, the uplink can be divided into:

· 802.16e uplink access zone

· 16m BS can receive from 16e MSs, and 16m MSs operating in 16e mode.

· 16m RS can receive from 16e MSs.

· 16j RS can receive from 16e MSs.  This is essentially the uplink access zone in 802.16j frame structure.

· 802.16j uplink relay zone / access zone
· 16m BS can receive from 16j RSs.

· 16m RS can stay idle, receive from 16e MSs or receive from 16m MSs, which may depend on following factors.  Note that the ensuing list may not be exhaustive.

· Ambient interference 16m RS senses

· Potential interference to neighbor stations, if this communication is enabled

· Traffic pattern

· The number of 16e and 16m stations associated with the 16m RS

· 16j RS can transmit to 16m BS.  A gap between 802.16e uplink access zone and 802.16j uplink relay zone would be needed in order to give 16j relay station sufficient time to switch from the receive mode to transmit mode.

· 802.16m uplink access zone

· 16m BS can receive from 16m MSs.

· 16m RS can receive from 16m MSs.

· 16j RS can stay idle or receive from 16m MSs.    

· 802.16m uplink relay zone 

· 16m BS can receive from 16m RSs.

· 16m RS can transmit to a 16m BS, transit to a 16m RS or receive from a 16m RS.  A proper time gap between 802.16m uplink access zone and 802.16m uplink relay zone would be needed, if the16m RS has to switch from the receive mode to transmit mode.

· 16j RS can stay idle or receive from 16e MSs, which is dependent on following factors.  Note that the ensuing list may not be exhaustive.

· Ambient interference 16j RS senses

· Potential interference to neighbor stations, if this communications is enabled

· Traffic pattern

· The number of 16e stations associated with the 16j RS

2.3 Miscellaneous Discussion
· Zone alignment
· As shown in [1], the boundary between downlink and uplink part of an 802.16m frame is aligned with the boundary of a subframe.  However, in order to provide more operation flexibility and higher resource utilization efficiency, the boundary between any two adjacent zones within downlink part should be aligned with the boundary of an OFDMA symbol, instead of with the boundary of a subframe.  Similarly, the boundary between any two adjacent zones within uplink part should be aligned with the boundary of an OFDMA symbol, instead of with the boundary of a subframe.  
· Support for direct forwarding

· The notion of direct forwarding (also known as peer-to-peer communication, etc.) ‎[2]

 REF _Ref196196307 \n \h 
‎[3]‎[4]

 REF _Ref196220284 \r \h 
‎[5] has been raised and entertained in the relay adhoc group.  If designed properly, direct forwarding can help improve the system resource utilization efficiency, reduce end-to-end delay, etc.

· To support direct forwarding between two 16 MSs via 16m RS(s):
· No change needs to be made to the generic frame structure described above.
· To support direct forwarding between two 16m MSs directly between each other: 

· The generic frame structure described above can also apply.  
· Such direct forwarding can occur during any zone that is labeled idle in Figure 4  and Figure 6, as long as no intolerable interference will be caused to other communications by this direct forwarding.  
· Direct forwarding can also take place in those zones that are used for communications between 16m MS and 16m BS (or 16m RS) in Figure 4  and Figure 6, again as long as the interference caused by this direct forwarding will be damaging to other communications.  Following scenarios may occur in such zones:
· A 16m MS finishes transmitting to a 16m BS (or 16m RS), and starts to transmit to another 16m MS.
· A 16m MS finishes transmitting to a 16m BS (or 16m RS), and starts to receive from another 16m MS.  A time gap would be needed for this 16m MS to switch from the transmit mode to the receive mode.
· A 16m MS finishes receiving from a 16m BS (or 16m RS), and starts to transmit to another 16m MS.  A time gap would be needed for this 16m MS to switch from the receive mode to the transmit mode.
· A 16m MS finishes receiving from a 16m BS (or 16m RS), and starts to receive from another 16m MS.
· New MAP IE will be needed for the 16m BS to signal to the two 16m MSs involved regarding the direct forwarding communications, the zone and OFDMA resources to be used, etc.

3 Proposed Text Change

[Insert the following text into sub-clause 11.4.5 Relay support in Frame Structure in the SDD]

------------------------------------------------------------ Text Start ------------------------------------------------------------
An 802.16m frame structure consists of a downlink period and an uplink period.  Both the downlink and uplink period shall contain an integer multiple of subframes.  The downlink period may include at least one 802.16e downlink access zone, zero or more 802.16j downlink relay zone, and shall include at least one 802.16m downlink access zone, and zero or more 802.16m downlink relay zone.  The uplink period may include at least one 802.16e uplink access zone, zero or more 802.16j uplink relay zone, and shall include at least one 802.16m uplink access zone, and zero or more 802.16m uplink relay zone.  Consecutive zones within both downlink period and uplink period shall be divided on the boundary of an OFDMA symbol.  

The 802.16e downlink access zone is used for transmission from 802.16m BS, 802.16j RS and 802.16m RS to 802.16e MS.  This zone can also be used for 802.16m BS and 802.16m RS to transmit to 802.16m MS operating in 802.16e mode.  The 802.16j downlink relay zone is used for transmission from 802.16m BS to 802.16j RS.  In this zone, 802.16m RS can either stay idle, transmit to 802.16e MS, or transmit to 802.16m MS.  The 802.16m downlink access zone is used for transmission from 802.16m BS and 802.16m RS to 802.16m MS.  The 802.16m downlink relay zone is used for transmission from 802.16m BS to 802.16m RS.  In this zone, 802.16m RS can also receive from or transmit to another 802.16m RS.  In both the 802.16m downlink access zone and 802.16m downlink relay zone, 802.16j RS can either stay idle, or transmit to 802.16e MS.
The 802.16e uplink access zone is used for transmission from 802.16e MS to 802.16m BS, 802.16j RS and 802.16m RS.  This zone can also be used for 802.16m MS operating in 802.16e mode to transmit to 802.16m BS and 802.16m RS.  The 802.16j uplink relay zone is used for transmission from 802.16j RS to 802.16m BS.  In this zone, 802.16m RS can either stay idle, or receive from 802.16e MS, or receive from 802.16m MS.  The 802.16m uplink access zone is used for transmission from 802.16m MS to 802.16m BS and 802.16m RS.  The 802.16m uplink relay zone is used for transmission from 802.16m RS to 802.16m BS.  In this zone, 802.16m RS can also transmit to or receive from another 802.16m RS.  In both the 802.16m uplink access zone and 802.16m uplink relay zone, 802.16j RS can either stay idle, or receive from 802.16e MS.
Proper time gap shall be inserted between two consecutive zones of a station, if the station needs to switch from transmit mode to receive mode, or vice versa.
Direct forwarding, if supported, can occur during all the zones within downlink period and uplink period, under the discretion of 802.16m BS.
------------------------------------------------------------ Text End -------------------------------------------------------------
4 Reference
[1] Sassan Ahmadi, et. al., “Proposed 802.16m Frame Structure Baseline Content Suitable for Use in the 802.16m SDD”, IEEE C802.16m-08/118r4, March 3 2008
[2] Rakesh Taori, et. al., “16m Relay Frame Structure for 16jm Ad Hoc Group Discussion”, April 2008

[3] D. J. Shyy and Ranga Reddy, “Direct Forwarding 16m Relay Usage Model”, April 2008

[4] Kaibin Zhang, et. al. “Usage model: Wireless Peer to Peer Communication”, IEEE C802.16m-08/259, April 7 2008
[5] Steve Emeott, et. al., “New Relay Usage Models for IEEE 802.16m”, April 7, 2008

[6] Yang Liu, et. al., “Hybrid Relay in 16m system design”, April 2008












































































PAGE  
8

