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1. Introduction

In the last RAN1#61 Montreal meeting, summary of email discussion on Un HARQ timeline (FDD) was presented and WF was revised for email approval until next RAN1#61bis meeting.
This contribution is an update of R1-102883, which explains the details of our proposal. We also have a contribution to compare multiple proposals in R1-103775 [5].

This contribution first briefly describes the problems of HARQ timing over backhaul interface, then presents our proposals on the UL backhaul subframe configuration and UL/DL HARQ timing for backhaul interface, and also discusses the benefits of our proposals.
2. Discussion on UL HARQ timing over backhaul
2.1. Reuse of Uu UL HARQ timing over backhaul
In our view the starting point for UL HARQ protocol over backhaul should be the existing Uu UL HARQ protocol specified for Rel-8. In Rel-8, a synchronous HARQ protocol has been adopted for the uplink direction on Uu. PDCCH at subframe (n) is associated with the PUSCH transmission in subframe (n+4), which is then further associated with the PHICH transmission in subframe (n+8). Consequently the HARQ RTT for the FDD UL HARQ protocol is 8ms. 
Relay downlink backhaul subframes are configured as MBSFN subframes at Relay in order to allow release 8 UE to access the Relay Node. Since MBSFN subframe cannot be configured in subframes #0, # 4, #5 and #9, consequently R-PDCCH respectively ACK/NACK cannot be transmitted at those subframes. This limitation of downlink transmission opportunities for R-PDCCH/ACK/NACK results in some loss of UL HARQ transmissions opportunities and hence increased delay as shown in the figure below. 
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Figure 1: Rel-8 UL HARQ protocol operation for backhaul
Another impact is caused by collisions between UL transmission on the access link and the UL backhaul link. Since Type 1 relay cannot receive data from a UE attached to the relay node in the UL backhaul subframes, there will be some loss of transmission opportunities for the UL HARQ protocol on the access link. One exemplary collision scenario is shown in figure2.
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Figure 2: exemplary scenario for the collisition between uplink backhaul and uplink access link
Therefore, if current Rel’8 UL HARQ timing on access link is reused on backhaul link, the UL HARQ RTT on backhaul link is increased to 16ms for 66.67% of the time in the example of figure 1 and there will be a lot of collisions between PUSCH and R-PUSCH. In order to reduce the UL HARQ RTT on backhaul link and to avoid the collisions between backhaul and acces link, some modifications of Rel’8 UL HARQ timing is required.
2.2. Proposal of UL backhaul subframe configuration

It was agreed that the set of DL backhaul subframes is semi-statically assigned. However, whether the set of UL backhaul subframes is implicitly derived from the DL backhaul subframes or explicitly indicated is still under discussion.

In order to align with Rel-8 UL/DL HARQ timing and to have shorter delay, we propose the following allocation of UL backhaul subframe:
Proposal 1: UL backhaul subframes are implicitly derived from DL backhaul subframe. Each DL backhaul subframe is followed by one UL backhaul subframe 4ms later.
2.3. Proposal of UL HARQ timing over backhaul
There are two types of timing in UL HARQ protocol:

· the timing between PDCCH UL grant and PUSCH transmission;
· the timing between PUSCH transmission and corresponding PHICH/PDCCH.
In Rel’8 LTE, both timings are 4ms for FDD.

On relay backhaul link, due to the limitation of MBSFN subframe configuration, corresponding ACK/NACK/R-PDCCH cannot always be received 4ms after R-PUSCH transmission. To solve this problem, we propose to reuse the Rel-8 synchronous UL HARQ protocol operation just within the defined downlink and uplink backhaul subframes. As shown in Figure 3, a number of uplink HARQ processes are mapped on all available uplink backhaul subframes repeatedly. The number of uplink HARQ processes is decided by the uplink backhaul subframe configuration and the minimum RTT.
The details of how to determine the number of uplink HARQ processes are as follows:

· Step1: DL backhaul subframes are semi-statically assigned. UL backhaul subframes are implicitly derived from DL backhaul subframes.
· Step2: At first, RN set the number of UL HARQ processes N=1.
· Step3: RN maps all N UL HARQ processes on all UL backhaul subframes (not restricted to 40ms) repeatedly.
· Step4: If the minimum RTT of each process is larger than 8, N is fixed. Otherwise, N++ and retry Step3
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Figure 3: exemplary scenario for synchronous UL HARQ protocol within defined uplink backhaul subframes
Since RN repeats the UL HARQ processes on all the UL backhaul subframes (not restricted to 40ms), each 40ms does not always start with the same UL HARQ process ID. When (the number of UL backhaul subframes within 40ms) mod (the number of UL HARQ processes) ≠ 0, the order of the UL HARQ processes will change in the next 40ms. 
In the example shown in Figure 4, the number of UL backhaul subframes within 40ms is 7 and the number of UL HARQ processes is 2. So in the first 40ms (from “Radio Frame [n]” to “Radio Frame [n+3]”), on the available UL backhaul subframes, the mapping starts with P1. But in the second 40ms (from “Radio Frame [n+4]” to “Radio Frame [n+7]”), on the available UL backhaul subframes, the mapping starts with P2.
Since both donor eNB and RN will alternatively use all the Un UL HARQ processes, there is no misunderstanding between donor eNB and RN on which Un UL HARQ process to use. In addition,  no fixed relation between subframe number and Un UL HARQ process ID is exactly same behaviour from release 8/9. In Rel’8, eight UL HARQ processes are repeatedly used on each UL subframe and no specific handling in HARQ process ID is used.
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Figure 4: exemplary scenario for each 40ms starting with different Un UL HARQ processes
Since synchronous UL HARQ protocol is applied, each DL and UL backhaul subframe are associated with one UL HARQ process ID, so that no UL HARQ process ID needs to be included in the R-PDCCH. The following steps show how to link the DL and UL backhaul subframe with one UL HARQ process ID.
· Step1: The number of backhaul UL HARQ processes N is determined according to the steps above.

· Step2: All N UL HARQ processes are mapped to UL backhaul subframes repeatedly. Therefore, each UL backhaul subframe is linked to one UL HARQ process ID.
· Step3: For each UL transmission on UL backhaul subframe #n, the available R-PDCCH for UL for the same backhaul UL HARQ process is on DL backhaul subframe #(n-K) (K=4). Therefore, each DL backhaul subframe is also linked to one UL HARQ process ID.

On backhaul link, the timing relation between R-PDCCH UL grant and R-PUSCH transmission is fixed to 4ms in our proposal 1. The timing relation between R-PUSCH transmission and corresponding ACK/NACK/R-PDCCH is determined by the nearest available downlink backhaul subframe linked to the same UL HARQ process ID.
In the scheme described above, the minimum number of HARQ processes is required to keep synchronous UL HARQ protocol for any MBSFN subframe configuration of 10ms or 40ms periodicity. In the example of Figure 3, two UL HARQ processes are required. Therefore, for both UL HARQ processes, three retransmissions are available within 40ms. But if HARQ protocol of 10ms RTT is applied on the MBSFN configuration in Figure 3, the minimum number of HARQ processes required is three, as shown in Figure 4. For two of the UL HARQ processes (P2 and P3), only one retransmission is possible within 40ms. This makes a large difference on the delay when retransmission happens. One of the larger concern of having relay is to increase the latency in spite short latency is the one of the biggest sales point of LTE. To reduce the number of HARQ process can minimize the additional delay caused by the relay.
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Figure 5: exemplary scenario for applying 10ms RTT HARQ protocol on MBSFN configuration of 40ms periodicity
The impact on access link can be reduced as compared to 10ms configuration by configuring the UL backhaul subframes that always impact on the same HARQ processes on access link. In the example shown in Figure 5 which has average RTT of 10ms, two HARQ processes on access link are impacted. It means that two HARQ processes on access link are not able to transmit UL data from time to time. The rest of the HARQ processes on access link are not impacted. However, with the same average RTT, 10ms configuration impacts four HARQ processes on access link, which can be seen in Figure 6.
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Figure 6: exemplary scenario for showing the impact on relay access link by carefully configuring the UL backhaul subframes
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Figure 7: exemplary scenario for showing the impact on relay access link by UL backhaul subframe configuration of 10ms periodicity
In summary, the benefits of this approach are that:

· Rel’8 synchronous UL HARQ protocol behavior is reused;

· No UL HARQ process ID needs to be included in the UL grant;
· Corresponding ACK/NACK/R-PDCCH can be transmitted on the nearest available DL backhaul subframe linked to the same UL HARQ process ID, so RTT is shorter compared with exactly reusing Rel-8 UL HARQ timing, which often happens 16ms;
· Full flexibility of MBSFN subframe configuration of both 10ms and 40ms periodicity can be supported;
· The number of required Un HARQ processes is minimized. Therefore, the latency can be minimized;

· The impact on HARQ processes on relay access link can be minimized as compared to 10ms configuration;
This approach can also be operated without R-PHICH as proposed in the contribution [5].
Based on the approach above, we have following proposals:

Proposal 2: Synchronous UL HARQ protocol is used, so no UL HARQ process ID needs to be included in the R-PDCCH for UL.

Proposal 3: The timing between R-PDCCH for UL and R-PUSCH transmission is fixed to 4ms.

Proposal 4: The timing between R-PUSCH and corresponding ACK/NACK/R-PDCCH is variable depending on the DL subframe configuration.
3. Discussion on DL HARQ timing over backhaul
In Rel-8, asynchronous HARQ protocol is used for the downlink direction on Uu interface. The timing relation between PDSCH and corresponding PUCCH is fixed to 4ms for FDD, but the timing relation between PUCCH and the next corresponding PDCCH is flexible, so DL HARQ process ID needs to be included in the PDCCH. 
On relay backhaul, due to the UL subframe configuration scheme proposed in proposal 1, we propose to reuse Rel-8 DL HARQ timing as follows:
Proposal 5: The timing between R-PDSCH and UL ACK/NACK is fixed to 4ms.
4. Summary
This contribution discussed the UL backhaul subframe configuration and also the UL and DL HARQ timing over backhaul. We proposed following:

· Proposal 1: UL backhaul subframes are implicitly derived from DL backhaul subframe. Each DL backhaul subframe is followed by one UL backhaul subframe 4ms later.
· Proposal 2: Synchronous UL HARQ protocol is used, so no UL HARQ process ID needs to be included in the R-PDCCH for UL.

· Proposal 3: The timing between R-PDCCH for UL and R-PUSCH transmission is fixed to 4ms.

· Proposal 4: The timing between R-PUSCH and corresponding ACK/NACK/R-PDCCH is variable depending on the DL subframe configuration.
· Proposal 5: The timing between R-PDSCH and UL ACK/NACK is fixed to 4ms.
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