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1
Background
Several schemes have been proposed for the access-backhaul resources partition for LTE TDD relaying. These schemes were designed based on TDM of the backhaul link and access link, which include:

· Straightforward access-backhaul resource partition [1]
· TDD UL-DL configuration paring [2]
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[3]
· UL subframe (SF) splitting [4]
· Special SF for UL/DL backhaul [5]
· Stealing UL SF for DL backhaul [6]
· ACK/NACK timing adjustment to baseline access-backhaul resource partition [7] 

Since different TDD UL-DL configurations have different numbers of UL and DL SF available for backhaul, any one of the above solutions may not be sufficient to all the configurations. 
In this contribution, we analyze the pros and cons for those schemes, and try to map them to different TDD UL-DL configurations taking into account their feasibility and performance. 
2
Summary of Different Schemes
Straightforward access-backhaul resource partition relates to type I relay as described in section 9.1 of [1]. The basic principle is to use MBSFN SF in RN cell for downlink backhaul transmission, and to blank some UL subframes in the access link for uplink backhaul. This method is feasible for most of the TDD UL-DL configurations but may suffer from large DL performance loss due to UL ACK/NACK missing in either the access or the backhaul link. Specifically, this scheme: 1) well matches the HARQ timing in case of TDD UL-DL configuration #1; 2) suffers from UL ACK/NACK missing in either the access or the backhaul link for TDD UL-DL configuration #2-#5; 3) UL access performance loss for configuration #6; 

TDD configuration paring was discussed in [3]. The basic principle is to pair the different TDD UL-DL configurations in the DeNB and RN cell, and to always use MBSFN SF in the RN cell to enable UL and DL backhaul transmissions. This method is with good HARQ performance for TDD UL-DL configuration #1-#6 but suffers from the interference issue as discussed in [2];
UL SF splitting was proposed in [4]. The basic principle is to use half UL SF to receive ACK/NACK feedback from RN-attached UE, and to use another half for UL backhaul transmissions. This scheme can nicely solve the UL ACK/NACK missing problems for TDD UL-DL configuration #2-#5, and is fully Rel-8 compatible from RN-UE point of view; 
The above schemes are not workable for TDD UL-DL configuration #0 due to lack of DL SF which can be configured to MBSFN SF. 
Using special SF for backhaul was discussed and detail proposal was presented in [5]. The basic principle is to use Guard period (GP) in the special SF for DL/UL backhaul transmission. This scheme is feasible for all the TDD UL-DL configurations. It can either work independently or combined with the other solutions. For such scheme, proper TDD network deployment shall be in place to avoid inter-cell interference within the special SF.  
Stealing UL SF for DL backhaul was proposed in [6]. The basic principle is to use UL SF for both UL and DL backhaul. This method may encounter interference problem and also has UL ACK/NACK missing problem in both donor cell and RN cell. Specifically this scheme is: 1) not suitable for TDD UL-DL configurations #2, #4, and #5 due to small number of UL SF per radio frame; 2) with serious performance loss for configuration #1, #3, and #6 due to missed UL ACK/NACK missing and interference issue; 
ACK/NACK timing adjustment to baseline access-backhaul resource partition was proposed in [7] as an improved solution. The basic principle is that when UL ACK/NACK is missing due to the blanked UL SF, corresponding DL SF will be set to MBSFN in the RN cell; If not configurable, RN shall not schedule any Rel-8 DL traffic there in the access link. For LTE-A UEs, HARQ timing can be redefined to make use of those DL SF. This method suffers from DL throughput loss for Rel-8 UEs in RN cell, especially for the TDD UL-DL configurations with large DL-UL ratio. It is not feasible for TDD UL-DL configuration #5.  
The above discussions are summarized in Table 1, where “Y” means the respective solution is workable, “N” means that the solution is not feasible; “Y(L)” means the solution is workable but with loss in DL performance in backhaul or in the access link; “Y(I)” means the solution is workable but suffers from interference; “Y(I&L)” means the solution is workable but with performance loss as well as interference issues. Based on the analysis the three schemes “Straightforward”, “UL splitting” and “Special SF” are considered effective for LTE TDD relaying. 
Table 1 summary of different schemes for all TDD UL-DL configurations
	Index of TDD UL-DL configurations
	Straightforward
	Pairing
	UL Splitting
	Special SF
	UL stealing
	Timing adjustment

	0
	N
	N
	N
	Y
	Y(I)
	N

	1
	Y
	Y(I)
	Y
	Y
	Y(I&L)
	Y(L)

	2
	Y(L)
	Y(I)
	Y
	Y
	N
	Y(L)

	3
	Y(L)
	Y(I)
	Y
	Y
	Y(I&L)
	Y(L)

	4
	Y(L)
	Y(I)
	Y
	Y
	N
	Y(L)

	5
	Y(L)
	Y(I)
	Y
	Y
	N
	N

	6
	Y(L)
	Y(I)
	Y
	Y
	Y(I&L)
	Y(L)


Conclusion

In this document, we analyzed the pros and cons of different access-backhaul resource partition schemes for LTE TDD relaying, and discussed how to map those schemes to different TDD UL-DL configurations. The conclusions are as the following:
· Straightforward access-backhaul resource partition can be applied to most of the TDD UL-DL configurations.
· UL SF splitting is effective for TDD UL-DL configurations #1-#6. 

· Special SF based scheme is effective for all the TDD UL-DL configurations, and it can be utilized separately or as a complementary solution to the other possible solutions. 
· Some combinations are possible with the selected solutions, especially for TDD UL-DL configuration #0 and UL-DL configuration #6.  

With the preferred and possible combined schemes, we could provide sufficient performance as well as flexibility for the access-backhaul resource partitioning for LTE TDD relaying. 
Considering the rather limited timescale for the relaying WI for Rel-10 and also the current workload for standardizing, it is desirable to confine the work to a single one of these schemes only. Further schemes can be developed and supported for TDD relaying in later releases. In Rel-10, only straightforward access-backhaul resource partition shall be supported.
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