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1. Introduction
RAN1 is discussing Un HARQ timeline for FDD (R1-103401), which was discussed at RAN1#61 in Montreal, and was put up for email discussion until RAN1#61bis Dresden. In the email discussion, there was a remark that the existing agreements on Un HARQ are sufficient and that no additional specification/agreements are necessary. It is our view that agreeing to the WF document R1-103401 is necessary in order to converge on Un HARQ. This contribution discusses our views on the Un HARQ agreements so far, Un HARQ RTT, and DL/UL timing relationship for backhaul FDD.  

2. Background

The RN can designate periodic subframes as MBSFN subframes to create transmission gaps to receive downlink from the eNB. At most six out of ten subframes (SF#1,2,3,6,7,8) in a Radio Frame can be declared as MBSFN for FDD and similarly up to five DL subframes in TDD (SF#3,4,7,8,9) can be declared as MBSFN.  

For FDD, the Rel-8 HARQ timing relationship is as follows: 

· For a downlink data transmission in DL subframe n, the corresponding UL A/N is transmitted in UL subframe n+4.

· Rel-8 UL is synchronous with RTT of 8 ms. For an UL data transmission in UL subframe n, 

· The PHICH to enable non-adaptive retransmissions is sent in DL subframe n+4. 

· An UL grant to enable an adaptive retransmission may be sent in DL subframe n+4, or n+12, and so on. Typically, an UL grant sent in DL subframe n results in an uplink data transmission in UL subframe n+4.  
For the backhaul link, it was agreed that there is no RPHICH defined for non-adaptive retransmissions. 
3. Need for specification of Un HARQ timing

RAN1 has discussed and continues to discuss the Un subframe assignment. However, it was proposed on the RAN1 email reflector that the existing agreements in RAN1 and RAN2 are sufficient and no additional specification effort is required from RAN1 perspective. We think the Un HARQ timing is still unspecified and any further delay in clarifying the HARQ timing is undesirable. We identify the agreements reg. Un HARQ below. 

Some RAN1 agreements have been captured in 36.814 as below: 

-
The set of downlink backhaul subframes, during which downlink backhaul transmission may occur, is semi-statically assigned

-
The set of uplink backhaul subframes, during which uplink backhaul transmission may occur, can be semi-statically assigned, or implicitly derived from the downlink backhaul subframes using the HARQ timing relationship
From RAN#59 chairman notes, the following was a suggested working assumption regarding HARQ on the Relay backhaul: 

· Suggested working assumption:
· For FDD:

· 8ms HARQ RTT is baseline assumption for DL and UL minimum requirement from L1 perspective if suitable subframes are available for transmission. 

In RAN1#60, it was further agreed that for TDD (R1-101601)

· For TDD, both asymmetric and symmetric DL/UL Un subframe allocation are supported

· For TDD, explicit configuration on the set of Un UL subframes is supported

· Implicit configuration on the set of Un UL subframes is FFS

The above three agreements in RAN1 confirm the common understanding of several companies regarding the status of Un subframe assignment, namely the following – for FDD, whether the Uplink backhaul subframe assignment is explicit or implicit is still an open topic that needs to be concluded soon. This is also clearly stated in 36.814 and the subsequent discussions in RAN1. 

Meanwhile, in RAN2#70, there was an agreement that the Relay Un subframe configuration is supported by RRC signaling initiated from the DeNB. It is clear that RAN2 was discussing the configuration from a separate context, i.e. whether the configuration signaling is done via proprietary (OAM) or standardized technique (RRC signaling) and RAN2 chose to adopt RRC signaling. In our understanding the RAN2 agreement is complimentary to the RAN1 agreements and that the question of uplink subframe assignment for FDD Relay backhaul link is still an open topic that needs to be concluded in RAN1. Furthermore the following timing relationships are still unspecified and therefore it is necessary to agree to the WF R1-103401 to complete these details: 

· Un UL subframe allocation 
· Timing relationship between Un UL grant reception and UL data transmission. 
· Timing relationship between Un DL data reception and UL A/N transmission. 

· Un UL HARQ details

4. UL Backhaul periodicity and impact on HARQ processes in Relay UEs

Since the MBSFN subframe signalling is (typically) periodic with period 10ms and the Rel-8 UL HARQ timing is synchronous with 8ms periodicity, there may be clashes between the UL backhaul subframe transmission and UL access subframe reception at the RN if there is no change in timing relationship for the RN. If not resolved, the clashes may lead to lost acknowledgements and lost grants at the eNB and the RN, thus impacting performance. Following are some options for UL HARQ RTT for FDD. 

4.1. UL HARQ with 10 ms RTT

A simple way of resolving the clashes is by slightly modifying the UL HARQ timing on the backhaul to 10 ms periodicity. Thus, the backhaul UL transmissions are synchronous with 10 ms periodicity. To enable an uplink retransmission in subframe k, the corresponding UL grant to enable uplink retransmission is sent in the DL subframe k-4. There is no change in the DL HARQ A/N timing relationship on the downlink backhaul link.

Based on the number of DL backhaul subframes, this option can impact more than one UL HARQ process of the UEs served by the relays. Some UEs encounter some delay in UL retransmissions as some of the retransmission opportunities are delayed because the Relay sends ACK on PHICH to resolve the clashes with uplink backhaul transmissions. However, as shown in R1-084412, the impact on UL HARQ processes is manageable e.g. by scheduling delay-tolerant traffic.  
4.2. UL HARQ with 8 ms RTT as minimum RTT

Keep the 8 ms as the minimum RTT on the UL backhaul subframes.  In this case, the downlink MBSFN subframe signaling is such that the downlink backhaul subframes are assigned with period-8 while avoiding the subframes 0,4,5,9. This has least impact on the UL HARQ in the relay cell as only a small number of HARQ processes are blocked compared to Option 1. However, in the process of avoiding the unicast subframes (0,4,5,9), the DL backhaul subframes availability is every 8ms or 16ms. 

For example, if only one UL HARQ process is to be blocked, then the DL and UL backhaul has to occur with 8ms periodicity. 

· For example, out of DL subframes 0,8,16,24,32,40, only subframes 8, 16, 32 can be used as DL backhaul subframes as 0, 24 cannot be MBSFN, leading to minimum RTT of 8 ms, but includes RTT of 8 ms and 16ms

· In another example, out of DL subframes 1,9,17,25,33, the subframe 9 and 25 cannot be used, leading to RTT of 16 ms (signal 1,  17, 33 as MBSFN using 24-bit MBSFN signaling).

The above examples indicate that this option requires a 24-bit MBSFN subframe signaling on the system information even if only one HARQ process is to be enabled. 

This option has the least impact on HARQ processing as it keeps the minimum RTT the same as Rel-8. However, in certain cases, the DL and UL RTT can be as high as 16 ms. This option also does not require any new HARQ timing adjustments compared to Rel-8 if implicit UL backhaul subframe assignment is selected. 
4.3. UL HARQ with multiple RTTs

In this option, the UL HARQ is defined in such as way that the UL HARQ RTTs can potentially take any value ranging from 8ms to 40ms (see [5] R1-102883). 
· The UL HARQ RTT becomes even more variable (potentially taking any value from 8,.....40) compared to the above options. 
· The UL backhaul subframes are determined in the same implicit manner based on the DL backhaul subframes.  However, the retransmission opportunities for UL (i.e. RTT) may not occur with regular periodicity. Thus, the UL HARQ is asynchronous in time.
· However, similar to Rel-8 TDD, the UL HARQ is synchronous wrt HARQ ID and hence no need for signaling an explicit UL HARQ process ID in the UL grants.
It is noted that the above proposal with multiple RTTs where the UL HARQ RTTs can potentially take any value ranging from 8ms to 40ms is not desirable. The proposal leads to increased eNB scheduler complexity as the eNB has to schedule relays asynchronously while still continuing to serve the Rel-8/Rel-10 UEs synchronously. So far, there has not been any evidence that such complicated Un HARQ RTT definition can provide any meaningful performance benefit. Furthermore, it does not provide any benefits compared the alternative wherein the set of possible RTTs is limited to a small set (e.g. only multiples of 8 or 10).

4.4. Discussion 

The two options with 8ms or 10ms RTT provides sufficient flexibility in backhaul subframe assignments. Note that there are other proposals for FDD backhaul including explicit UL backhaul subframe assignment, asynchronous UL HARQ, etc. The need for explicit UL backhaul subframe assignment, or for asynchronous UL HARQ is not clear as it appears the above two options provide sufficient flexibility and requires less modifications to the Rel-8 HARQ timing.

From a specification perspective, the above three options facilitate the following points from the WF document R1-103401. 

For symmetric UL/DL subframe configurations:

· The position and the number of available Un UL subframes are derived from the configuration of Un DL subframes

· A Un UL subframe is allocated 4 TTIs after a Un DL subframe

· Support the following implicit timing for Un HARQ:

· UL data transmission happens in subframe #(k+4) if UL grant is transmitted in subframe #k

· UL ACK/NACK feedback for DL data transmission in subframe #k is transmitted in subframe #(k+4)

· UL HARQ re-transmissions are synchronous wrt the HARQ process ID

Furthermore, the option that allows UL HARQ RTTs to take any arbitrary value ranging from 8ms to 40ms is not desirable . There, we further propose the following: 

It is proposed to limit the UL HARQ RTT to a small set of values rather than allowing all UL HARQ RTTs from 8ms to 40ms.e.g. it can be specified that that RTTs should be multiples of 8 and 10 only.
5. Conclusions
We propose that 

· RAN1 agrees on the WF document R1-103401 on Un HARQ timing for FDD. 

Furthermore, allowing UL HARQ RTTs to take all possible values ranging from 8ms to 40ms is not desirable. Therefore, we further propose the following: 

· For FDD Un HARQ, limit the UL HARQ RTT to a small set of values rather than allowing all UL HARQ RTTs from 8ms to 40ms.e.g. it can be specified that that RTTs should be multiples of 8 and 10 only.
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