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1 Introduction

Reference [1] discusses the HARQ timing in general while this contribution focuses on the UL Un HARQ RTTs resulting from an optimized UL HARQ process numbering. 
2 Discussion
For synchronous UL HARQ, i.e., (re-)transmissions without explicitly stating the HARQ process ID in the UL grant, the UE needs to know when to perform a HARQ retransmission implicitly. This can be based on either the HARQ RTT or some kind of HARQ process numbering. 
Rel.8 FDD fixes the UL transmission – HARQ feedback – HARQ retransmission timing leading to a single HARQ RTT value of 8ms. However, this approach does not really work on the backhaul link because backhaul subframes, configured by RRC with a 10 or 40ms period, do not occur with 8 ms period. If the HARQ RTT would be a single fixed value, the only choice would be 40ms which is not really desired. 
A potential solution would be to restrict the configuration of backhaul subframes. When restricting Un subframes to occur in 8ms period, a HARQ RTT of 8 and 16ms is possible. When restricting Un subframes to occur in 10ms period, an RTT of 10ms is possible. Besides the restriction in Un subframe configuration, fixing the RTT leads to an over-provisioning of Un HARQ processes, as shown in section 2.3, and hence to increased re-transmission delays and increased memory consumption. 
Alternatively, the HARQ RTT could depend on the backhaul configuration and the subframe used for the Un UL transmission. This is similar to TDD HARQ. A simple and unambiguous way to do this is to specify a HARQ process numbering scheme, which is applied by the eNB and the RN. This numbering determines the minimum number of required HARQ processes and associates subframe numbers and HARQ process IDs. Since such a numbering minimizes the number of required UL HARQ processes, it reduces the end-to-end latency as well as the memory consumption. At the same time it is flexible enough to support all possible backhaul subframe configurations.

2.1 Determining the minimum number of HARQ processes

The minimum HARQ RTT, i.e., the time from a HARQ transmission attempt until the earliest occurrence of a retransmission is 8ms for the backhaul link [2]. Consequently, at most 8 HARQ processes are required to be able to continuously transmit, if all subframes can be used for transmission. In the case of in-band relaying, less subframes are available in an 8ms interval so less HARQ processes are needed as well. The minimum number of UL HARQ processes is equal to the number of configured backhaul subframes in an 8ms interval. 

Figure 1 illustrates an example FDD configuration with 40ms period where 6 subframes are actually configured to Un (colour-coded orange). Non-MBSFN subframes are colour-coded grey. In this configuration at most 3 backhaul subframes are configured within the minimum RTT of 8ms, hence for this configuration 3 HARQ processes are required. 
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Figure 1: 8ms minimum RTT interval in a 40ms Un subframe configuration period (numbers refer to the subframe numbering)
2.2 Association of subframe number and HARQ process ID

Having determined the number of HARQ processes, Un subframes can be associated to HARQ process IDs, e.g., by means of sequential numbering using the modulo operation. Figure 2 shows the example configuration of Figure 1 where HARQ process IDs are associated to Un subframes. 
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Figure 2: Association of subframe number and HARQ process IDs (numbers refer to the HARQ process IDs, subframe numbering is the same as in Figure 1)
Note that the described process of numbering (i.e., determining the minimum number of HARQ processes and associating HARQ process IDs to subframes) needs to be performed only when backhaul subframes are initially configured or re-configured. During normal operation the numbering is constant.
2.3 Comparison with fixed 8/16ms RTT 
Figure 3 and Figure 4 show the HARQ timing of backhaul subframes being configured with 8ms periodicity (wherever possible due to MBSFN restrictions).  The numbering in Figure 3 follows the scheme described above and the numbering in Figure 4 follows the fixed RTT of 8 and 16ms. The upper half of the figure illustrates the HARQ processes of the backhaul (Un) and the lower half illustrates the HARQ processes of the access link (Uu). The green color indicates UL and the blue color indicates DL. DL transmissions (D), UL transmissions (U), UL ACK/NACK feedback (UAN), DL ACK/NACK feedback (DAN) and UL grants (G) are shown. Note that the backhaul subframe configuration is exactly the same, hence the impact on the access link is exactly the same in both figures. The only difference is the Un HARQ process numbering as shown in the third line marked as “UL HARQ ID”. Note that backhaul subframes have been configured according to the restrictions given by the fixed 8/16ms RTT.
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Figure 3: Un HARQ timing using proposed numbering scheme
The subframe configuration in Figure 3 requires a minimum of 3 HARQ processes. Based on the proposed scheme HARQ processes are numbered and associated to backhaul subframes. It can be seen that HARQ process #1 in radio frame 1, subframe 0 can be re-used in radio frame 2, subframe 0. The resulting HARQ RTT is 10ms for this and all other processes. Note that the HARQ RTT is a result of the backhaul configuration.
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Figure 4: Un HARQ timing using fixed 8 and 16ms RTT 
When fixing the RTT to 8 and 16ms, the subframe configuration in Figure 4 requires 4 HARQ processes: one process per even numbered subframe. The RTT is sometimes 8ms, e.g., for HARQ process #2 in radio frame 1, subframe 2 and sometimes the RTT is 16ms, e.g., for HARQ process #1 in radio frame 1, subframe 0. Due to the larger number of required HARQ processes the HARQ re-transmission delays are longer and the memory consumption is higher. 

Although it is not shown in this contribution, the described HARQ numbering outperforms also the scheme with a fixed RTT of 10ms. 
3 Summary & Conclusion

Based on the discussion we propose to optimally number the Un UL HARQ processes based on the generic scheme instead of fixing the RTT to one or multiple values. Since such a numbering minimizes the number of required UL HARQ processes, it reduces the end-to-end latency as well as the memory consumption. At the same time it is flexible enough to support all possible backhaul subframe configurations.
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