
3GPP TSG-RAN WG1 Meeting #62
R1-104910
Madrid, Spain, 23rd – 27th August 2010
Source:
Panasonic
Title: 
Comparison of UL/DL HARQ for backhaul
Agenda Item:
6.6.3
Un HARQ
Document for:
Discussion, Decision
1. Introduction

In the last RAN1#61bis Dresden meeting, a WF on Un HARQ timeline (FDD) was agreed as follows:

· Support the following transmission timing in Rel. 10:

· If an UL grant is transmitted in subframe #k, the corresponding UL data transmission happens in subframe #(k+4)

· If DL data is transmitted in subframe #k, the corresponding UL ACK/NACK feedback is transmitted in subframe #(k+4)

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

· UL re-transmissions are transmitted in the subframe corresponding to the same UL HARQ process as the initial transmission

· The identification of UL HARQ processes is FFS until RAN1#62.
· UL HARQ process ID is not indicated by (R-)PDCCH
According to the agreement, synchronous UL HARQ protocol has been agreed, but how to identify UL HARQ processes on the available Un UL subframes is still FFS.

 This contribution compares the different views from different companies on the issues of Un UL HARQ operation/timeline. In companion contribution R1-10xxxx in [7], the detailed description of our proposals on how to identify UL HARQ processes and how to decide the UL HARQ timing is presented.
2. Discussion on the timeline between UL transmission and next UL grant over backhaul
In LTE Rel’8, the timeline between UL transmission and next UL grant is 4 TTI. But due to the limitation of MBSFN subframe configuration, on relay backhaul link, next UL grant is not always available 4 TTI after UL transmission. Therefore, current timeline in Rel’8 needs some modifications. Depending on Un DL subframe configuration, following options of timeline were proposed in RAN1.
· Option 1: The timing between UL transmission and next UL grant is fixed to 6TTI

If Un DL subframe is configured using 10ms periodicity, the next UL grant is always available 10 TTI after the first UL grant. If the timeline between UL grant and UL transmission is 4 TTI, the timeline between UL transmission and next UL grant would be fixed to 6 TTI. 
The advantage of this scheme is that UL HARQ RTT is fixed to 10 TTI. The drawback of this scheme is that it may impact more Uu HARQ processes compared with 8&16ms periodicity, which will result in less retransmission opportunities for Uu UL. When only one UL HARQ process is configured on relay backhaul link with 10 TTI periodicity, half of the UL HARQ processes (four UL HARQ processes) on relay access link are impacted, as shown in Figure 1. However, when only one UL HARQ process is configured on relay backhaul link with 8&16ms periodicity, only one UL HARQ process on relay access link is impacted. 
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Figure 1. The impact on access link with 10ms configuration (one UL HARQ process on backhaul link)

Another drawback of this scheme is that more HARQ processes are required if UL backhaul subframes are not configured with 10ms periodicity. In Figure 2, the minimum number of HARQ processes required is three. 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 2. Number of required UL HARQ processes with 40ms configuration
· Option 2: The timing between UL transmission and next UL grant is fixed to 4&12TTI

If LTE Rel’8 UL HARQ timing is used on relay backhaul, on some Un DL subframes ACK/NACK or next UL grant cannot be received. If measurement gap is assumed when ACK/NACK or next UL grant is not available, then next UL grant is moved to 8 TTI later. Thus the RTT is increased to 16 TTI. In this case, if the timeline between UL grant and UL transmission is 4 TTI, the timeline between UL transmission and next UL grant would be 4 or 12 TTI.
The advantage of this scheme is that Un UL HARQ timeline is aligned with Uu UL HARQ timeline, so less Uu UL HARQ processes are impacted compared with 10ms configuration. But the Un UL HARQ processes have longer delay compared with 10ms configuration. For 10ms configuration, the UL HARQ RTT on backhaul link is fixed to 10ms, while for 8&16ms configuration, the UL HARQ RTT changes between 8ms and 16ms. The average UL HARQ RTT for 8&16ms configuration is (8+16+16)/3 = 13.33ms. 
· Option 3: The timing between UL grant and UL transmission is variable depending on the Un DL/UL subframe configuration. If UL data is transmitted on Un UL subframe #n, next UL grant will be transmitted on the next available Un DL subframe #(n+k), 
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To support more flexible configuration of Un DL subframe, 40ms periodicity can be used. In this case, there is no fixed timeline between UL transmission and next UL grant. The timeline depends on the Un DL/UL subframe configuration.

The benefit of this scheme is that Un DL subframe can be configured more flexibly, so that donor eNB can schedule relay and macro UE more flexibly. Another benefit of this scheme compared with Option 1 (10ms configuration) is that, Un UL subframes can be configured in a way that has less impact on access link. Figure 3 shows an example of how the configuration or Un UL subframe can have less impact on access link. Only two UL HARQ processes on access link have longer delay. The benefit of this scheme compared with Option 2 (8&16ms configuration) is that, it can have shorter average delay. In Figure 3, the average Un UL HARQ RTT is 10ms.
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Figure 3. The impact on access link with 40ms configuration (one UL HARQ process on backhaul link)
Another advantage of this option is that 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 4, two UL HARQ processes are required. Therefore, for both UL HARQ processes, three retransmissions are available within 40ms.
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Figure 4. Minimum number of UL HARQ processes is required with Option 3
This scheme allows variable RTT. This increases the test complexity. On the other hand, to have minimum number of HARQ processes ensures the minimum delay. One of the larger concerns 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. So we think such increase of the test is justified by the system gain to reduce the delay. 
According to above discussion, our preference is option 3.
3. Summary
This contribution discussed the UL and DL HARQ timing over backhaul. Different views from different companies were provided. Benefits and drawbacks of each option was discussed.
According to the discussion, our view is follow:

· The timing between UL grant and UL transmission is variable depending on the Un DL/UL subframe configuration. If UL data is transmitted on Un UL subframe #n, next UL grant will be transmitted on the next available Un DL subframe #(n+k), 
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