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1
Background
In 3GPP, there are various schemes proposed for access-backhaul resources partition for TDD, which was already included in WF in [1]. All these schemes were designed in a way of TDM backhaul link and access link and included:

· Straightforward access-backhaul resource partition [2-3]
· TDD configuration paring [4-5]
· UL subframes split [6-7]
· Special TS for UL/DL backhaul [8]
· Stealing UL SF for DL backhaul [9]
· ACK/NACK timing adjustment to baseline access-backhaul resource partition [10] 

Since different TDD configuration may have distinct peculiarity, any one of those solutions may not be omnipotent to all the TDD cases. Thus, usability checking on those schemes applied to different TDD configurations is necessary. 
In this contribution, we mainly focus on the analysis of pros and cons for those schemes, and try to map them to different TDD configurations in terms of feasibility and performance. 
2
Summary of Different Schemes
Straightforward access-backhaul resource partition was explained in [2-3]. The basic principle is to use MBSFN subframes for downlink backhaul transmission and to blank some UL subframes in relay access link for uplink backhaul transmission. This method is workable for most of TDD configurations but may suffer from large DL performance loss due to UL HARQ feedback missing, then: 1) it has perfect HARQ timing match for TDD configuration1; 2) suffering from UL ACK/NACK missing problems for DL for TDD configuration2-5(notes: configuration 5 works but it is suffering from large backhaul RTT because only 1 UL SF is available for backhaul every 20ms); 3) UL performance loss for configuration6 [11]; 4) not workable for configuration0. 

TDD configuration paring was proposed in [4-5]. The basic principle is to pair different TDD configurations in donor and RN cell, and always use MBSFN subframes in RN cell to enable both UL and DL backhaul transmission. This method has perfect HARQ performance but suffering from interference problem, then: 1) workable for TDD configuration 1-6 in terms of HARQ performance (Notes: configuration 5 suffers from large delay also); 2) not workable for configuration0. 
UL subframe split was proposed in [6-7]. The basic principle is to use half UL SF (one TS) for ACK/NACK feedback of RN-UE, and use another half UL SF (one TS) for R-PUSCH transmission at backhaul link. This scheme nicely solved the ACK/NACK missing problem and is fully R’8 compatible as well, then: 1) nicely work for TDD configuration 1-6; 2) not workable for configuration0. 
Using special SF for backhaul was widely discussed and detail proposal was presented in [8]. The basic principle is to use Guard period (GP) in special SF for DL or UL backhaul transmission or both, and some simple coordination among neighboring e-NB is needed to eliminate possible interference. Obviously this scheme is workable for all the TDD configurations, either working independently or working jointly with other solutions.  
Stealing UL SF for DL backhaul was proposed in [9]. The basic principle is to use UL SF for both UL and DL backhaul. When UL SF is stolen for DL backhaul, this SF can not be used for Macro UE in donor cell. This method may encounter interference problem same as configuration pairing and also have serious ACK/NACK missing problem in both donor cell and RN cell, then: 1) likely not workable for configuration 2, 4, 5 due to small number of UL SF per 10ms radio frame; 2) serious performance loss for configuration 1, 3, 6 due to missed HARQ feedback and possible interference; 3) May work well for configuration0 from HARQ viewpoint but having interference problem also. 
ACK/NACK timing adjustment to baseline access-backhaul resource partition was proposed in [9] as an improved solution. The basic principle is that when ACK/NACK is likely to be missed due to the blanked UL SF, then corresponding DL SF will be set to MBSFN; If corresponding DL SF can not use MBSFN, then it won’t schedule any R’8 DL traffic there (then no UL ACK/NACK feedback required). At mean while, it will re-define HARQ timing for LTE-A users and do smart scheduling for R’8 users, i.e. only schedule R’8 users in the DL SF having UL ACK/NAK feedback available. This method may have serious performance impact on DL throughput of R’8 users in RN cell because multiple DL SF mapping to one UL SF is the common case in TDD mode, if we forced to set MBSFN for all the related DL sub-frames while backhaul link doesn't need so many DL resources at the same time, then it will lead to large resource waste also, then: 1) workable for TDD configuration 1, 2, 3, 4, 6; 2) Not workable for TDD Configuration 0, 5 due to “No MBSFN capable DL SF for configuration0” and “No DL SF for R’8 users for configuration5”. 
In summary, the results from above discussion are briefly listed in the following Table 1: “Y” means solution is workable; “N” means solution is not workable; “Y(L)” means solution is workable but having DL HARQ performance loss or impact on R’8 DL performance; “Y(I)” means solution is workable but suffering large interference; “Y(I&L)” means solution is workable but having performance loss and large interference. 
So here we propose to use straightforward, UL SF split and special SF as baseline solution for access-backhaul resource partition in TDD mode. These 3 schemes can provide sufficient and flexible way jointly or independently. Some example designs will be shown in section 3. 
Table 1 summary of different schemes for all TDD configurations
	Index of TDD Configurations
	Straightforward
	Pairing
	UL Split
	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)


3
Some Example Designs for Selected Schemes
In this section, we will show some example designs to prove the selected 3 schemes are sufficient for access-backhaul resource partition for TDD by selecting suitable combinations. 

3.1 Design for TDD Configuration0

In TDD configuration0, not any DL SF can be set to MBSFN since only SF 0, 1, 5, 6 is available for DL. So if no special SF is used for backhaul, then it is hard to use this TDD configuration at all. (Note: UL stealing makes sense for TDD configuration0. However UL SF stealing will suffer e-NB to e-NB interference, so it is not preferable). We could combine straightforward solution with special SF solution for TDD configuration0. Then if Special SF (SF1 and SF6) could be configured for DL backhaul, and UL SF2 and UL SF7 could be blanked for UL backhaul since the HARQ feedback of special SF (SF1 and SF6) is located there. Then we would get a solution shown in Figure 1. But if checking the blanked UL HARQ process, it was noted that all the UL HARQ process need to be blanked once during a period. So it may have impact on UL performance. To solve the problems, another way is to use straightforward solution, UL SF split and special SF for TDD configuration0 jointly. In such a way, the operation can be described as follows: Only the same UL HARQ processes are reserved for UL backhaul to reduce the impact on UL performance; when they hit SF3 and SF8 for UL backhaul, then straightforward solution (normal UL blanking) will be used since there no ACK/NACK feedback is required; when they hit other SF than SF3 and SF8 i.e. these other SF are used for UL backhaul, then UL SF split will be adopted to get ACK/NACK feedback; when DL SF1 is used for DL backhaul, then UL SF7 can be blanked; When DL SF6 is used for DL backhaul, then UL SF2 can be blanked; different number of UL and DL SF can be reserved in terms of required UL and DL backhaul capacity, for example in Figure 2:

· 1 or 2 Special SF can be used for DL backhaul

· 1 or 2 (or even more) UL HARQ process (es) can be used for UL backhaul. 
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Figure 1 Straightforward + special SF for TDD configuration 0
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Figure 2 Straightforward + special SF + UL SF split for TDD configuration 0

3.2 Design for TDD Configuration6

In [11], one fixed UL HARQ process was reserved for UL backhaul and DL SF9 was set to MBSFN for DL backhaul always. But the problem is that almost all the DL HARQ processes will be impacted by such way since no ACK/NAK feedback is available when UL SF is blanked, i.e. DL SF0,1,5,6. But we could use UL SF split to solve the problems. For example: to use UL SF split when ACK/NACK feedback is required there, i.e. for DL SF 0, 1, 5,6, otherwise, to use straightforward solution (normal UL blanking), i.e. for DL SF9. One example figure was shown in Figure 3. Another way is that we could enable special SF also to solve the problems, i.e. to use special SF1, 6 for DL backhaul as well, but still use SF split when ACK/NACK is needed for DL SF0, 5. In this case, SF9 is not always to be MBSFN for DL backhaul (refer to Figure 4 )   
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Figure 3 Straightforward + UL SF split for TDD configuration 6
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Figure 4 Straightforward + special SF + UL SF split for TDD configuration 6

3.3 “Special SF” used independently for all TDD Configurations
As indicated in previous section, special SF may operate for UL and DL backhaul independently, which means only special SF is used for backhaul transmission but normal SF won’t be used any more. In such way, in terms of different number of DL and UL backhaul SF, we would get different HARQ RTT. Figure 5 gives an example: for TDD configuration0, 1, 2 and 6, HARQ RTT is 10ms, 15ms and 20ms according to the number of DL backhaul; however, it may be always 20ms HARQ RTT for confguration3, 4, 5. 
Such independent operation and HARQ timing may be regarded as a complementary solution when UL or DL SF is not enough for UL and DL backhaul. Of course, other usages are possible also for different TDD configurations. For example possibly all the special SF can be used for DL backhaul in TDD Configuration0; alternatively all the special SF may be used for UL backhaul in TDD Configuration5. 
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Figure 5 use special SF independently for all TDD configurations

3.4 Variable design for TDD Configuration3

It could have variable design for different TDD configurations when we can combine the selected schemes arbitrarily, that’s an example below for TDD configuration3 only to show the flexibility (refer to Figure 6):
· No special SF is used and straightforward solution plus UL SF split in conf.1-3
· Special SF is used for DL backhaul only in conf.4-7 besides straightforward solution plus UL SF split
· Special SF is used for both DL and UL backhaul in conf. 8-11 (in those cases, Special SF has independent timing) besides straightforward solution plus UL SF split
· Special SF is used for UL backhaul only in conf. 12-15 besides straightforward solution plus UL SF split
[image: image6.emf]TDD Configuration3 D S U U U D D D D D D S U U U D D D D D D S U U U D D D D D D S U U U D D D D D D S U U U D D D D D

UL HARQ Process 0 1 2 0 1 2 0 1 2 0 1 2 0 1 2

SF Numbering 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

Possible backhaul Conf.-1 B U-S M M M B U-S M M M B U-S M M M B U-S M M M B U-S M M M

Possible backhaul Conf.-2 B M M B M M B M M B M M B M M

Possible backhaul Conf.-3 U-S M U-S M U-S M U-S M U-S M

Possible backhaul Conf.-4 D U-S B U-S M M M D U-S B U-S M M M D U-S B U-S M M M D U-S B U-S M M M D U-S B U-S M M M

Possible backhaul Conf.-5 D U-S D U-S D U-S D U-S D U-S

Possible backhaul Conf.-6 D U-S B M M D U-S B M M D U-S B M M D U-S B M M D U-S B M M

Possible backhaul Conf.-7 D U-S U-S M D U-S U-S M D U-S U-S M D U-S U-S M D U-S U-S M

Possible backhaul Conf.-8 D U D U D

Possible backhaul Conf.-9 D B U-S M M M U B U-S M M M D B U-S M M M U B U-S M M M D B U-S M M M

Possible backhaul Conf.-10 D B M M U B M M D B M M U B M M D B M M

Possible backhaul Conf.-11 D U-S M U U-S M D U-S M U U-S M D U-S M

Possible backhaul Conf.-12 U B U-S M M M U B U-S M M M U B U-S M M M U B U-S M M M U B U-S M M M

Possible backhaul Conf.-13 U B M M U B M M U B M M U B M M U B M M

Possible backhaul Conf.-14 U U-S M U U-S M U U-S M U U-S M U U-S M

Possible backhaul Conf.-15 U M U M U M U M U M

D U M B U-S

Blank UL Splitting DL backhaul UL backhaul MBSFN


Figure 6 Example: variable design for TDD configuration3
Those flexible designs are applicable for other TDD configurations also. The used design pattern could be decided in terms of real needs.  
Conclusion

In this document, we discussed the pros and cons of different access-backhaul resource partition schemes, and gave analysis on how to map those schemes to different TDD configurations; basically we should adopt “straightforward solution”, “UL SF split” and “special SF” for TDD access-backhaul resource partition. Following conclusions can be made:
· Straightforward solution is a good solution for TDD configuration1. 

· UL SF split could be used to TDD configuration 1-6. So it should be regarded as a baseline solution. 

· Special SF could be used to all the TDD configurations jointly or independently as a complementary solution. 
· Some smart combination is possible among 3 selected solutions, especially for configuration0 and configuration6.  

With the above conclusions and proposals, we could provide sufficient performance for access-backhaul resource partition.
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