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1 Introduction

At RAN1#61bis, the following was agreed:

· 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
It was decided that the Un UL HARQ will be synchronous. However, the RTT value has not been specified yet, although it was agreed that the RTT value should be at least 8ms[1]. In this contribution, we discuss the possible options for RTT.
2 RTT Schemes

There are basically three main options being discussed so far:

Option 1: Fixed RTT with 8&16ms 
· Step1: Un UL subframes are implicitly derived from Un DL subframes with 8&16ms interval  
· Step2: The number of UL HARQ process is the number of identified different HARQ processes. 
· The identification of UL HARQ process for Un UL subframe # n is an implementation issue, e.g. according to # n mod 8
Option 2: Fixed RTT with 10ms
· Step1: Un UL subframes are implicitly derived from Un DL subframes with 10ms interval  
· Step2: The number of UL HARQ process is the number of identified different HARQ processes. 
· The identification of UL HARQ process for Un UL subframe # n is an implementation issue, e.g. according to # n mod 10
Option 3: variable RTT, defined in [3]
· 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 the UL backhaul subframes repeatedly.

· Step4: If the minimum RTT of each process is larger than 8, N is fixed. Otherwise, N++ and retry Step3

· Step5: 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.

· Step6: 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.
3 Analysis of the options for Un UL synchronous HARQ

3.1 Reuse of Rel-8 Existing FDD HARQ scheme

Option 2 is not really inline with the Rel-8 timeline: a RTT value of 10ms is not used for Rel-8 FDD. This has potential problems since except for the radio-frame that has a periodicity of 10ms, a Rel-8 UL HARQ operates with periodicities that are multiples of 8ms. This is a source of issues, such as the collisions between Un and Uu processes, as explained later. These problems can be somewhat mitigated, but complicate the design of the scheduler, and of the RN in general.

Options 1 and 3 share the same design philosophy: use RTT of 8ms when possible, a different value otherwise. For option 3, the first available subframe associated to same HARQ process is used. This leads to the same problems as for option2: the 8ms periodicity is broken, although maybe less often than with option 2. Nevertheless, this has the same consequences on the RN design, and the scheduler in particular. Also quite a lot of RTT values (from 9ms to 40ms) are used when 8ms is not possible, and the values vary by different Un subframe allocation. Thus, option 3, needs some significant redesign.

Option 1 on the other hand, makes sure that the Rel-8 multiple of 8ms design philosophy is never broken: when an RTT value of 8ms cannot be used, then the next available subframe with the 8 ms periodicity is used (16ms). This requires only minimum changes for the RN design. In particular, the scheduler can be reused almost as is: the absent ACK at 8ms can be treated just as if the ACK was not received, which is a similar problem that can occur with Rel-8, so no additional work is needed.

3.2 Latency Analysis

Option 3 is designed to minimize latency, therefore it is expected to perform better than the two other schemes. Option 1 minimizes latency for some packets, but has to increase latency for other retransmissions. Option 2 is a “middle of the road” approach, with a uniform but larger than minimum Un RTT value.
However, simulations show that in practice, these three schemes perform almost identically. Figure 1 shows the end to end latency (from UE to RN to eNB) with a relatively high initial target error rate of 10%. As it can be seen, no scheme really stands out. In particular, the more complex option 3 does not have a performance gain over the two other schemes. Other analysis has led to the same conclusion [5].
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Figure 1. End-to-end Latency Analysis.
Note also something interesting with option 3: if the planning of Un subframe allocation is not carefully done, two-hop latency can be worse than for options 2 and 3, as shown in the Appendix. Therefore, extra attention is needed when using option3.  
3.3 Un UL HARQ Process identification 
With options 1 and 2, the HARQ process number is obvious and can be done simply, just by numbering sequentially over the period of Un subframe allocation according to the fixed RTT. Especially for option1, both eNB and RN can totally reuse the Rel-8 design of UL HARQ process identification to Un link. For option 3, it is more complicated because it requires to firstly calculate the max HARQ process number, and the periodicity of HARQ process ID mapping may be more than 40ms as shown in Figure 2. To solve this problem, a sliding window of HARQ process can be used, as described in [4]. Therefore, this implies design of a new feature that is not specified for Rel-8 that requires substantial standardization effort. 
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Figure 2 The periodicity of HARQ process ID mapping is more than 40ms for option3
Furthermore, option3 makes the system less robust: if for some reason, a Un subframe allocation is missed, because of the sliding window, all the processes will be affected, whereas with fixed RTT, only a single process is affected.

3.4 Un Resource Allocation

Since the non-MBSFN subframes cannot be allocated for Un, the maximum number of subframes on Un is capped at 24/40ms. All three schemes can be designed to assign up to 24 frames.

There are up to 8 HARQ processes with option 1, 6 with option 2, and up to 6 with option 3. In practice, this means that the allocation granularity is 3 with option 1, 4 with option 2. For option 3, it can be anything, thus, it would seem that option 3 has an advantage here. However, if the allocation is not carefully made, this could lead to very large RTT values or seriously impact Uu operations [15]. Furthermore, a granularity of 3, or even 4 should not be limiting in practice. As eNB-to-UE link can share the resource with eNB-to-RN link, so from the scheduled resource blocks aspect, additionally smaller or larger RB resources for Un link can be supported with option1. In addition, option1 can already provide flexible ratio of Un/Uu resource
Furthermore, recall that with option 3, the Un HARQ process identification (searching, process number calculation, process to subframe mapping) needs to be done in advance. That means Un transmission (control channel and data channel) needs to wait until HARQ RTT and process is fixed. Also option3 needs to repeat the process to subframe mapping sequentially, whereas option1&2 use a fixed process. 
3.5 Collisions between Un and Uu link

With option 2, Un and Uu collisions are a frequent occurrence, because Un UL subframes are allocated 4ms after the corresponding DL subframe, whereas the RTT value is not a multiple of 4ms. With option 1, however, the number of collisions between Un and Uu is minimized by assigning the subframes associated to same Uu UL HARQ process to Un interface with 8&16ms periodicity. With option 3, there is no guarantee on the number of collisions: it depends on how the Un resource allocation is done. Note however that in order to reduce Un/Uu collisions, some planning is needed, whereas for option 1, collisions are automatically minimized. In the following Figure 3, Un link impact on Uu access UL HARQ processes is shown. By assigning 3 subframes associated to HARQ process#5 for Un link in option1, thus only one process of Uu link is impacted by Un link. In option2, when 4 Un subframes(associated 4 different HARQ processes) are assigned, 4 Uu UL HARQ processes (1, 3, 5, 7) are impacted. Similarly in option3, when 4 Un subframes are assigned, there are also 4 impacted Uu UL HARQ processes (1, 2, 3, 5).
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Figure 3 Uu UL HARQ processes impacted by Un link
3.6 Complexity and Hardware Requirements

In terms of complexity, there is little difference between the three schemes: option 3 is more complex, e.g. calculating the HARQ process number by searching, and mapping the HARQ process ID to Un subframe sequentially for each radio frame, whereas options 1 and 2 should have very comparable complexity.

In terms of redesigning from Rel-8, option 1 has a clear advantage since the Rel-8 mechanisms can almost be reused as is. It means that eNB can use similar way to identify the UL HARQ process of UE-eNB and RN, and RN can also use similar way to identify the UL HARQ process of UE-RN and RN-itself. Furthermore, for option 3, the sliding window mechanism and the mapping of HARQ process ID to Un subframes are new feature not present in Rel-8 that requires design from scratch. 

In terms of commonalities between TDD and FDD Un UL HARQ, reusing Rel-8 TDD fixed 10ms RTT has already been agreed as the working assumption for TDD. As a consequence, no new HARQ process identification is required. If the same design philosophy is to be used for FDD, then option 1 is a natural choice since it requires no new HARQ process identification. Note also that while reusing 10ms for the RTT value for FDD (option2) would seem to simplify the design, it is actually not the case, mostly because of the Un/Uu collisions.
For the buffer size requirements, option 1 can have up to 8 processes, which is same than for a UE, thus the buffer size defined for various UE categories in Rel-8 can also be reused for RN. At the same time, option 2 and option 3 have up to 6 processes. This difference is not deemed significant. because, as shown in Table 4.12 of [14], the buffer size requirements are dominated by the DL.
4 Summary and Conclusion

Based on the previous study, it appears that option 3, which is designed to minimize HARQ latency, does not provide an obvious reduction in latency. As also described, the second advantage of option3, more flexible resource allocation is not seen in practice since the same resource granularity allocation can be achieved with options 1 and 2. Also, with variable RTT, the number of Un/Uu collisions can be significant. With variable RTT, RN needs to maintain two rules for UL HARQ process identification: one for UE-to-RN, one for RN-to-eNB. For option3, Un transmission (control channel and data channel) needs to wait until HARQ RTT and process are fixed (e.g. searching and calculating the 4 frames in advance). Given that variable RTT requires significant redesign of the Rel-8 Un UL HARQ process, and additional complexity, it does not appear the variable RTT is needed at this time.

Options 1 and 2 are very similar. However, given that a 10ms RTT has more Un/Un collisions and does not “naturally” fit into the Rel-8 existing design based on a 4 ms, thus putting more constraints on the scheduler; Also, eNB needs to maintain two HARQ process identification rules: UE-to-eNB and RN-to- eNB; Thus we propose to choose option 1 as the baseline.

Proposal: For the Un UL link, the HARQ RTT values is:

· 8ms when the use of 8ms is possible (resource allocation can accommodate it)

· 16ms otherwise

The resource allocation is done by allocating a given number of HARQ processes (from 0 to 7) and the corresponding UL/DL resources
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Figure 4 End-to-end latency for option1&2&3

