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1. Introduction
In RAN1#61bis Dresden, the following was agreed regarding Un HARQ timeline for FDD: 

· 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
The remaining open issue is to determine an association of an UL backhaul subframe with the UL HARQ process ID and this topic is discussed in this document.

2. Discussion
The set of downlink backhaul subframes, during which downlink backhaul transmission may occur, is semi-statically assigned (per 36.814). The MBSFN subframe bitmap signaling (e.g. six bits per Radio Frame or 24 bits for four Radio Frames) can be used to identify the DL backhaul subframes. Based on the DL backhaul subframe assignment, the sequence of UL backhaul subframes kUL (e.g. kUL=0,1,2….) can be identified. For example, if DL backhaul subframes are 1,2,3,6,7,8 in every Radio Frame, then the corresponding UL backhaul subframes are kUL = 5,6,7,10,11,12.,…..

There are several options to identify the UL HARQ process ID 
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 associated with an UL backhaul subframe kUL
· Option 1 : Rel-8 UL HARQ RTT of 8ms ([1][2][3][5])


[image: image2.wmf]8

mod

UL

ID

HARQ

UL

k

k

=

-


· Option 2 : 10 ms RTT ([1][2][3][5])
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· Option 3 : Multiple RTTs, where in the UL HARQ process ID 
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 is determined based on UL backhaul subframe, and assuming a minimum RTT of 8ms [4][6]
2.1. Option 1  (8ms RTT)
Keep the 8 ms as the minimum RTT on the UL backhaul subframes.  The UL HARQ process ID for UL subframe kUL (kUL=0,1,2….) is given by
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Where the values of  kUL are determined based on the DL backhaul subframe assignment. 

In this case, the downlink backhaul subframes are assigned with period-8 while avoiding the normal subframes 0,4,5,9. In the process of avoiding the unicast subframes (0,4,5,9), the DL backhaul subframes availability is every 8ms or 16ms. 

This option has the following characteristics:

· It has least impact on the UL HARQ in the relay cell as only a small number of UL HARQ processes (of UEs connected to the Relays) are blocked to accommodate the UL backhaul transmissions. In general this is a function of the periodicity of DL backhaul subframe assignment.

· The eNB scheduling is simpler as the Relays as well as other UEs connected to the eNB are scheduled using similar uplink HARQ timing (i.e. 8ms or multiples of 8ms). 

· In certain cases, the DL and UL RTT can be as high as 16 ms.

· Although the formula suggests a total of 8 HARQ processes, the actual number of utilized HARQ processes is based on the DL backhaul. For example if the all six subframes (1,2,3,6,7,8) in a Radio Frame are assigned for backhaul, all eight HARQ processes are utilized on the UL backhaul, and each HARQ process experiences RTTs of 8 and 16ms. 

2.2. Option 2 (10ms RTT)
The UL HARQ process ID for UL subframe kUL (kUL=0,1,2….) is given by
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Where the values of  kUL are determined based on the DL backhaul subframe assignment. 

In this case, the downlink backhaul subframes may be assigned with 10 ms periodicity (i.e. per Radio Frame) while avoiding the normal subframes 0,4,5,9. The backhaul UL transmissions are synchronous with 10 ms periodicity. 

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, the impact on UL HARQ processes is manageable e.g. by scheduling delay-tolerant traffic.  

This option has the following characteristics:

· It has some impact on the UL HARQ in the relay cell as some UL HARQ processes (of UEs connected to the Relays) are blocked to accommodate the UL backhaul transmissions. However, the Relay can account for this via scheduling. In general this is a function of the periodicity of DL backhaul subframe assignment

· The eNB scheduling is slightly more involved as the Relays and other UEs connected to the eNB are scheduled with different uplink HARQ timing. However, it is still manageable as the number of RTTs is still limited to a small set (8ms and 10ms RTT). 

· The DL and UL RTTs can be as low as 10 ms.

· Although the formula suggests a total of 10 HARQ processes, the actual number of utilized HARQ processes is based on the DL backhaul. For example, if all six subframes (1,2,3,6,7,8) in a Radio Frame are assigned for backhaul, with an RTT of 10ms only six HARQ processes are utilized, which is not a problem as the HARQ process is not signaled in R-PDCCH anyways. Each HARQ process has an RTT of 10ms.

2.3. Option 3 (Multiple RTTs)
The UL HARQ process ID for UL subframe kUL is determined based on UL backhaul subframe, and assuming a minimum RTT of 8ms, using the following steps (from [6]):

1. Obtain available Un UL backhaul subframes (e.g. implicitly from Un DL backhaul subframes configuration)

2. Determine the number of UL HARQ processes N as small as possible such that the minimum RTT for each process is 8 ms

3. Map all N HARQ processes on the configured Un UL subframes periodically in sequence

In this option, the UL HARQ ID for each UL subframe is obtained as follows : The UL subframes are associated with a HARQ ID such that as few HARQ processes as possible are used, the average retransmission delay for a given HARQ process is as small as possible, and the RTT for each HARQ process is 8 ms or larger. 

Option 3 degenerates to Option 2 or Option 1 for some specific settings of the DL backhaul subframe assignment, but in general Option 3 can lead to more variability of the UL HARQ RTTs. 

The characteristics of this option are as follows:

· The impact on the UL HARQ in the relay cell is the same as Option 1 or Option 2, depending on the periodicity of the DL backhaul subframe assignment. 

· The UL HARQ RTTs can potentially take any arbitrary value ranging from 8ms to 40ms (see [5], R1-102883). Since the UL HARQ RTT becomes even more variable compared to either Option 1 or Option 2, this option can lead to complicated scheduler operation.  Therefore, if Option 3 is adopted, the eNB has to potentially schedule relays asynchronously while still continuing to serve the Rel-8/Rel-10 UEs synchronously.

· Though the UL backhaul subframes are determined in the same implicit manner based on the DL backhaul subframes,  the retransmission opportunities for UL (i.e. RTT) may not occur with regular periodicity. Thus, the UL HARQ is asynchronous in time (similar to Rel-8 TDD), but synchronous wrt HARQ ID.

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. 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).
Based on the above discussion, Option 1 (8ms RTT) or Option 2 (10ms RTT) provides sufficient flexibility in backhaul subframe assignments, and can accommodate any arbitrary DL backhaul subframe assignment while minimizing scheduler complexity. There, the following is proposed for Un UL HARQ process identification:  
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.
3. Conclusions
Various options for UL HARQ process ID associated with UL backhaul subframe were compared. Based on the comparison, it is proposed that either Option 1 and/or Option 2 be adopted for UL HARQ process identification for FDD.

· 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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