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1
Background
It was agreed that RN access link (Uu interface) and backhaul link (Un interface) are TDMed, so it means relay could not communicate with RN-UEs and donor e-NB simultaneously [1]. And to keep R’8 backward compatibility, it was also agreed that MBSFN sub-frames are used for the DL backhaul transmission. However MBSFN sub-frames can not be configured at sub-frame 0, 4, 5 or 9 of a radio frame. Because of this time-discontinuous transmission characteristic of backhaul link and the constraints of the MBSFN sub-frame configuration, likely the HARQ operation for backhaul link could not completely reuse R8 mechanism, thus new HARQ design (at least some additional rules) for backhaul link might be necessary. Moreover, it is quite clear that this new HARQ design is tightly related to the backhaul sub-frame allocation style/method, i.e. how are backhaul sub-frames allocated and what the allocation periodicity for backhaul SF is. But HARQ operation over Un interface has not been discussed so far although there are quite many contributions submitted in last several meetings [2-7]. 
In this paper, we will discuss these HARQ related issues with 10ms backhaul SF allocation periodicity based on the current agreements. In another contribution, HARQ issues with 8ms backhaul SF allocation periodicity were addressed as well [8]. 
2
Issues with 10ms SF Allocation Periodicity 
2.1


HARQ Timing over Un Interface
In terms of the R’8 definition, the HARQ timing for FDD is that the feedback for DL/UL transmission is always 4ms later, and the uplink grant for UL transmission is always 4ms earlier. But when turning to backhaul link in LTE-A system, it is uncertain whether this timing is suitable or not. Since the style of backhaul SF allocation is quite important to the HARQ operation, we would like to clarify the definition of symmetry allocation and asymmetry allocation first: if the number of DL backhaul is exactly same as the number of UL backhaul sub-frame, then it is called as symmetry allocation style. Otherwise it is an asymmetry allocation style. Currently, it is still FFS on the needs of asymmetry allocation in FDD.
· DL HARQ timing: Because any UL sub-frame can be enabled for backhaul usage, UL ACK/NACK can be sent always after 4 subframes from the corresponding R-PDSCH in case of symmetry allocation. Then R’8 DL HARQ can be fully re-used in symmetry allocation. But when the number of DL backhaul SF is larger than number of UL backhaul SF for asymmetry allocation, UL ACK/NACK may not be available always after 4 subframes, at least for some of DL backhaul SF. 
· UL HARQ timing: It has some DL ACK/NACK missing problem for UL HARQ regardless of symmetry allocation or asymmetry allocation. Figure 1 shows an example when backhaul sub-frame is allocated with 10ms periodicity for UL and DL. We could observe that if DL backhaul transmission happens in DL sub-frame #2, then HARQ feedback could be obtained in UL sub-frame #6, according to R8 HARQ timing for FDD. But if UL backhaul transmission happens in UL sub-frame #6, HARQ feedback for UL transmission that should be transmitted in DL sub-frame #0 will be lost, because there is no DL backhaul sub-frame allocated there. From Figure 1, we can see that R’8 UL HARQ timing could not be fully reused for backhaul link anymore. The reason is that the least common divider of 8ms (HARQ RTT) and 10ms (subframe allocation) is 2 ms so no matter with which subframe we start, eventually we will hit one of the unavailable subframes 0, 4, 5 or 9, similar to the case presented in figure 2 . Alternatively, if we don’t want to change R’8 timing, some rules at RN have to be defined to deal with the DL ACK/NAK missing case, i.e similar mechanism as used for measurement gaps. However it may require adaptive retransmission later and somehow consume PDCCH signalling [2]. And we should note that the example shown in Figure 1 is only for the symmetric allocation of backhaul sub-frame. The problem will become even more severe for the asymmetric allocation of backhaul sub-frames, i.e. when the number of UL backhaul SF is larger than the number of DL backhaul SF. In such cases, more PDCCH consumption is inevitable. 
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Figure 1 UL HARQ timing problem (Un) with 10ms SF allocation periodicity (symmetry allocation)
Proposal 1: for 10ms backhaul SF allocation periodicity: R’8 DL HARQ timing over Un interface can be fully reused in case of symmetry allocation, however it can not be re-used for asymmetry allocation; R’8 UL HARQ timing may not be fully reused over Un interface regardless of symmetry allocation or asymmetry allocation. 
2.2


Impact on HARQ Process due to Timing Mismatch
Since it is using 10 ms allocation periodicity for backhaul, then it means some of UL SF have to be blanked every 10ms at RN access link when those SFs are allocated for UL backhaul transmission. But RN access link has to reuse 8ms HARQ RTT due to the requirements of R’8 backward compatibility, thus it will lead to timing mismatch between blanked UL SF and UL HARQ process so that multiple UL HARQ processes will be impacted. Figure 2 gives an example for symmetry allocation case: If only even SFs are used for DL backhaul, then all the even HARQ processes will be impacted, but no odd HARQ process; if only odd SFs are used for DL backhaul, then all the odd HARQ processes will be impacted, but no even HARQ process; if both even and odd SFs are used for DL backhaul, then all the HARQ process will be impacted correspondingly. 

To reduce the impact on HARQ processes for access link, it would be better to only reserve odd DL sub-frame or even DL sub-frames for backhaul if the number of required DL backhaul SF is less than or equal to 3 (total available number of SF for DL backhaul per radio frame is 6). In case the number of required DL backhaul SF is larger than 3, then we should first use up even DL sub-frames (or odd DL sub-frames), then start to use odd DL sub-frames (or even DL sub-frames).  
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Figure 2 Impact on access HARQ process for different DL backhaul SF allocation
Proposal 2: when UL backhaul number is less than or equal to 3, an impact on either odd or even UL HARQ processes for access link can be avoided; when UL backhaul number is larger than 3, both odd and even UL HARQ process for access link will be impacted. 
If new timing design for Un is a way to go, then it is tightly related to the ways of backhaul SF allocation, which is 10ms or 8ms allocation periodicity, and symmetry allocation or asymmetry allocation, and number of backhaul SF and its position. However in one radio frame, there are 1~6 sub-frames out of 10 subframes which could be assigned as DL backhaul sub-frame, while 1~10 sub-frames out of 10 subframes could be assigned as UL backhaul sub-frame. So the total number of DL and UL backhaul SF combination is tremendous and it is almost impossible to have tables listing up all cases [2]. However, we could get some experiences from R’8 TDD configuration design to define a limited number of combinations to get a reasonable tradeoff between performance and flexibility. 
In the following section, we will give some deailed analysis on HARQ operation in case of 10ms backhaul SF allocation periodicity by taking the identified problems into account. 
3
HARQ Analysis with 10ms Backhaul SF Allocation 
3.1


Some Basic Rules for easy Design 
To have less impact on DL HARQ timing and nice match with RN access link, we will pair DL & UL backhaul SF according to the R’8 HARQ timing as much as possible, i.e feedback delay between one (or multiple) DL backhaul transmission (R-PDSCH) and corresponding UL feedback (R-PUCCH) is always 4ms. In such cases, when number of DL backhaul SF is equal or larger than number of UL backhaul SF, the timing for DL feedback (R-PHICH timing) can be always 6ms because DL backhaul SFs have 10ms periodicity. Figure 3 shows an example for R-PHICH and R-PUCCH timing with asymmetry allocation: DL SF #2, #3 is used for DL backhaul while UL SF#7 is used for UL backhaul. For two DL backhaul SFs, SF#3 has 4ms R-PUCCH timing but SF#2 has 5ms R-PUCCH timing. R-PHICH for UL SF#7 will be transmitted in DL SF#3 to have 6ms timing. To have constant R-PHICH timing for the backhaul SF configurations, although R-PHICH could be transmitted in DL SF#2 to have 5ms timing, we don’t prefer such way.  
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Figure 3 an example for R-PUCCH and R-PHICH Timing
Proposal 3: when number of DL backhaul SF is equal or larger than number of UL backhaul SF, the timing for DL feedback (R-PHICH timing) can be always 6ms because DL backhaul SFs have 10ms periodicity.
To have less collison between backhaul link and access link, another simple rule is that UL sub-frames related with non-MBSFN subframe (subframe #0, #4, #5, #9) will not be allocated to UL backhaul link, which is subframe #3, #4, #8, #9. Otherwise, it will have severe collision problems. Figure 4 shows a collison situation between backhaul and access link when subframe #3, #4, #8, #9 is used for UL backhaul: Because non-MBSFN subframe (subframe #0, #4, #5, #9) has to be used for relay access link transmission to avoid resource waste, then it will require UL ACK/NACK feedback in UL SF#3, #4, #8, #9 correspondingly. Since UL SF#3, #4, #8, #9 has been allocated to UL backhaul transmission also, then it will lead to transmission collision (red dashed circle in figure4)
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Figure 4 Collision between backhaul and access link in case subframe #3, #4, #8, #9 is used for UL backhaul
Proposal 4: when number of DL backhaul SF is equal or larger than number of UL backhaul SF, UL sub-frame related with non-MBSFN subframe (subframe #0, #4, #5, #9) will not be allocated to UL backhaul link. 
3.2


Analysis on HARQ Timing with Limited Pattern Definition 

Considering the discussed problems and defined rules, a limited number of patterns for R-PUSCH/R-PUCCH timing could be defined, with different number of UL backhaul sub-frames. In those pre-defined patterns, we are trying to achieve 1) minimimal HARQ timing and HARQ RTT as much as possible, and 2) minimal impact on access link HARQ processes as much as possible. For simplicity, in this contribution we only consider the cases that number of DL backhaul SF is equal or larger than the number of UL backhaul SF. 
An example design for 3 UL backhaul subframes is presented below. Firstly, three UL backhaul sub-frames could have different locations, and each location case could have one HARQ timing design. Then based on above discussion, R-PUSCH/R-PUCCH Timing was shown in Table 1. In the table, assuming R-PUSCH (UL backhaul transmission) or R-PUCCH (DL backhaul feedback) is in sub-frame #n, then the corresponding uplink grant and downlink transmission is in sub-frame #(n-k), where k is defined in the table. 

Table 1 R-PUSCH/R-PUCCH Timing (uplink grant/downlink transmission is in subframe n-k)

	Pattern Index
	k

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	4
	
	4,5
	-
	-
	
	
	4,5,6
	-
	-

	2
	
	4,5
	4
	-
	-
	
	
	4,5,6
	-
	-

	3
	4,7
	
	4,5
	-
	-
	
	4,5
	
	-
	-

	4
	
	4,5
	
	-
	-
	4,7
	
	4,5
	-
	-

	5
	4,7,8,9
	4
	4
	-
	-
	
	
	
	-
	-


Among all of these possible patterns, pattern #3 and #4 are preferred according to the proposal 2, because these two patterns have the minimal impact on access link UL HARQ process (only impact odd or even access link UL HARQ process). And at meanwhile, these two patterns have reasonable HARQ timing. Then the backhaul DL/UL pattern for 3 UL backhaul SF could be defined, which is the following patterns: 
Table 2  Pre-defined pattern for 3 UL backhaul subframe number
	Pattern Index
	k

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	3
	4,7
	
	4,5
	-
	-
	
	4,5
	
	-
	-

	4
	
	4,5
	
	-
	-
	4,7
	
	4,5
	-
	-


Let’s give some details on HARQ process and RTT design. By taking pattern#3 as an example, we will have the following backhaul HARQ design shown in figure 5:
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Figure 5 Backhaul HARQ Analysis for 3 UL backhaul subframes with pattern3
· In symmetry allocation: DL subframe #2, #6 and #8 and UL subframe #0, #2 and #6 are allocated. Then we could see 1) the number of UL/DL HARQ process is eqaul to number of allocation UL/DL backhaul SF, and 2) UL HARQ RTT is always 10ms, the minimal DL HARQ RTT is 8ms.   

· In asymmetry allocation: DL subframe#1, #2, #3, #6, #7 and #8 and UL subframe #0, #2 and #6 are allocated. The we would also get the same conclusion that: 1) the number of UL/DL HARQ process is eqaul to number of allocation UL/DL backhaul SF, and 2) UL HARQ RTT is always 10ms, the minimal DL HARQ RTT is 8ms.   
For the other number of UL backhaul subframes, the design method is same as that of 3 UL backhaul SF. Then, we could have all the pre-defined patterns for UL backhaul number from 1 to 6 shown in Table 3. For all the selected patterns in table3, we could get the same conclusion as that of 3 UL backhaul SF. Here we assume it is using sychronous HARQ in UL and asychronous HARQ in DL. 
Table 3 Pre-defined pattern and HARQ timing for backhaul link (10ms periodicity)
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Proposal 5: R-PUCCH and R-PUSCH timing can use preferred patterns in table3. 
Proposal6: For the selected patterns in case 10ms backhaul SF allocation, the minimal DL Backhaul HARQ RTT is 8ms. 
Proposal7: For the selected patterns in case 10ms backhaul SF allocation, UL Backhaul HARQ RTT is very balanced and it is always 10ms for all UL HARQ process. 
Proposal8: For the selected patterns in case 10ms backhaul SF allocation, the number of UL/DL HARQ process is equal to number of allocated UL/DL backhaul SF. 
3.3


Missing Information handling in Uu Interface   

When some of UL SFs are allocated for backhaul transmission, then those SFs should preferably be blanked on the Uu interface to avoid self-interference. It means RN can not receive any information from Uu interface in those SFs. In term of [3], UL information includes SR, periodic CSR, ACK/NAK repetition and data transmission etc. The simplest way is to re-use the rules with the measurement gap handling in some cases, i.e send ACK to UE when non-adaptive retransmission likely happens in blanked UL SF, then do adpative retransmission later. As to SR, periodic CSR and ACK/NAK repetition, RN will regard them as missing cases during blanked UL SF. For SR missing, UE will send SR later again if it didn’t get scheduling information from RN. Although a bit delay (several milliseconds) was introduced for UL transmission, it should not a big problem; for periodic CSR (CQI/PMI/RI reports) missing at some UL SF only, it should not have much effect on overall performance; Since ACK/NAK repetition is likely used in coverage-limited scenario, then it seldom occurs because RN cell is not coverage-limited most likely, in particular not in UL due to typically lower TX power of RN compared to macro eNB.     
Conclusion

This contribution is discussing some HARQ design and backhaul SF allocation issues in case 10ms backhaul SF periodicity. In case 10ms allocation periodicity is a way to go, following proposals are made: 
Proposal1: for 10ms backhaul SF allocation periodicity: R’8 DL HARQ timing over Un interface can be fully reused in case symmetry allocation,, while it can be not re-used for asymmetry allocation; R’8 UL HARQ timing may not be fully reused over Un interface regardless of symmetry allocation or asymmetry allocation. 

Proposal2: when UL backhaul number is less than or equal to 3, either odd or even UL HARQ process for access link could have no impact; When UL backhaul number is larger than 3, both odd and even UL HARQ process for access link could be impacted. 
Proposal3: when number of DL backhaul SF is equal or larger than number of UL backhaul SF, the timing for DL feedback (R-PHICH timing) can be always 6ms because DL backhaul SFs have 10ms periodicity.
Proposal4: when number of DL backhaul SF is equal or larger than number of UL backhaul SF, UL sub-frame that related with non-MBSFN sub-frame (sub-frame #0, #4, #5, #9) will not be allocated to UL backhaul link
Proposal5: R-PUCCH and R-PUSCH timing can use preferred patterns in table3. 

Proposal6: for the selected patterns in case 10ms backhaul SF allocation, the minimal DL Backhaul HARQ RTT is 8ms. 
Proposal7: for the selected patterns in case 10ms backhaul SF allocation, UL Backhaul HARQ RTT is very balanced and it is always 10ms for all UL HARQ process. 
Proposal8: for the selected patterns in case 10ms backhaul SF allocation, the number of UL/DL HARQ process is equal to number of allocated UL/DL backhaul SF. 
RAN2 should have discussion on whether symmetry or asymmetry allocation is suitable for FDD backhaul, and then discuss corresponding proposals in this contribution.   
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