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1. Introduction
DL Un subframes are configured as MBSFN subframes at RN in order to allow release 8 UE to access the RN. Since MBSFN subframe cannot be configured in subframes #0, #4, #5 and #9, this limitation of DL transmission opportunities results in some loss of UL HARQ transmissions opportunities and hence increased delay. Therefore, lots of companies propose various solutions about effective HARQ operation in Un link. Some of agreements were made in WF [1] about Un HARQ timeline (FDD) in RAN1#61bis Dresden meeting. The WF includes the following contents:

· 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 

· UL HARQ process ID is not indicated by (R-)PDCCH

With these agreements, in Un link, one remaining issue is how to determine the UL Un re-transmission timing under the condition that UL Un HARQ re-transmissions are synchronous wrt the HARQ process. Therefore, this contribution presents our proposal about the control method for UL HARQ re-transmission time. 
2. Determination  of UL HARQ RTT
From the perspective of UL re-transmission timing, UL HARQ operation can be categorized into Option 1 [2] and Option 2 [3, 4].
In Option 1, all the UL subframes are sequentially mapped to HARQ processes irrespective of the Un subframe assignment. Thus, the re-transmission opportunity of a given HARQ process occurs with a fixed timing gap from the previous transmission opportunity. For example, if the initial transmission of a HARQ process occurs at subframe #n, the re-transmission for this process can occur only at subframes #(n+P), #(n+2P), …, for an integer P which denotes the pre-determined fixed timing gap between the previous transmission opportunity and the re-transmission opportunity. Consequently, if the next re-transmission opportunity is not available by the Un subframe allocation, there is no choice but to suspend the re-transmission until one of the corresponding re-transmission opportunities becomes available. This implies that UL HARQ re-transmission timing is given as a multiple of pre-determined P after the initial UL transmission. Consequently, the Un HARQ latency increases due to the fact that the location of UL Un subframe is not a multiple of P in general, especially under the restriction on the MBSFN subframe configuration existing in assigning Un subframes. For instance, in UL HARQ with 8&16ms [2], one HARQ process has the minimum average RTT of 13.33ms after experiencing two re-transmission suspension in 40ms (five transmission opportunities).
Option 2 is different from Option 1 in that only the Un subframes are mapped to N UL HARQ processes in a sequential manner. In this method, re-transmission timing of each UL HARQ is not a multiple of P but may vary in time depending on the Un subframe assignment pattern and the total number of UL HARQ processes. The biggest advantage of Option 2 is that there is no suspension of re-transmission opportunity by taking only Un subframes into consideration in determining the synchronous HARQ processes. As a result, it has the potential to reduce the Un HARQ latency and, as discussed in [3, 4], it is possible to minimize the average latency by properly determining the number of HARQ processes. Figure 1 is an example of UL HARQ with Option 2. Here, the period for allocation of DL Un subframe pattern is 40ms and the number of UL HARQ is 3. 
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Figure 1. An example of UL HARQ with Option 2.
Comparing the two RTT-determining methods, Option 2 is preferred because it can reduce the Un HARQ latency while avoiding unnecessary suspension of re-transmission opportunity.
Proposal 1: Option 2 is supported in UL Un HARQ. UL Un subframes are mapped to N UL HARQ processes in a sequential manner. 

3. The number of UL HARQ processes
In the Option 2 discussed in the previous section, the number of UL HARQ processes, denoted by N, determines the HARQ process mapping and the timing of re-transmission opportunity. This section discusses how to determine the number of UL HARQ processes in case of Option 2 and provides our view.
One way proposed by several companies is to derive the number of HARQ processes from the Un subframe assignment result. To be specific, the number of UL HARQ process is set to the largest number of Un subframes within 8ms window [3, 4] in order to minimize the activated number of HARQ processes. This method has the advantage that it can minimize the average Un HARQ latency.
We are of the opinion that the minimization of the average HARQ latency is worthy to be strived for but deriving the number of HARQ processes directly from the Un subframe assignment result is a redundant job at the RN side because eNB already knows the answer, what the proper number of HARQ processes is, when sending the Un subframe assignment message to the RN. Furthermore, additional RN specification, implementation, and test work are also required to describe, perform, and verify this redundant operation. Thus, considering that the number of HARQ processes needs to be changed only when the Un subframe assignment changes, one simpler way is just to inform RN of the number of HARQ processes via RRC signaling, for example, by embedding it in the Un subframe assignment message. This will increase the RRC overhead (e.g., the Un subframe assignment message size by 3 bits) but this amount of additional overhead seems to be acceptable when considering the overall size of the Un subframe assignment message which contains at least 24 bit-map (in case of 40ms Un subframe pattern) for the indication of Un subframe assignment. 
Proposal 2: eNB informs RN of the number of UL HARQ process through RRC signaling.
In addition, we think that more careful study is needed to check whether the direct derivation method, which does not allow any flexibility in controlling the number of HARQ processes, has no disadvantage at all from various aspects. The following example can be considered as a comparison between the two methods – direct derivation method and explicit signaling method – from the perspective of the “regularity” of Un HARQ RTT.

Example: 
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Figure 2. An example of fixed number of UL HARQ process (Case 1) and proposed method (Case 2).

Figure 2 is an example for comparing the operation between the methods to use fixed number of UL HARQ process derived from the assigned Un subframe pattern (Case 1) and to use a signaled number (Case 2). Allocated period for DL Un subframe pattern is 40ms, and it is assumed that a large number of MUE are requesting the operation of UL SPS with the period of 20ms. With this assumption, 3 Un subframes are distributed uniformly with the period of 20ms to be compatible with SPS of MUEs. And we consider the case where more resources are to be allocated to MUE’s SPS, so 2 more subframes (#11 and #31) are taken from the Un link.
First, in Case 1 the number of UL HARQ process is 2, the largest number of Un subframes within 8ms window. If we compare the operating point of MUE's UL SPS and that of RN's UL transmission, we can easily observe that the two subframes (#11 and #31) collide with all the two Un processes repeatedly while causing the suspension of UL Un re-transmissions. As shown in figure 2, the maximum re-transmission latency is 28ms due to the suspension and this value is the maximum among delays that HARQ process #1 experiences. 
On the other hand, in Case 2 where the number of HARQ processes is set to 3 by RRC signaling, each UL HARQ process is manipulated to have the same RTT of 20ms. As a result, eNB becomes able to allocate the two subframes (#11 and #31) to MUE’s SPS simply by not scheduling any Un PUSCH in a HARQ process (process #2). Thus, more effective distribution of UL resource between UL SPS of MUE and UL transmission of RN becomes possible in a dynamic manner by increasing the number of UL HARQ by 1. 
4. Conclusion

This contribution provided discussions about the remaining issues on Un HARQ in FDD and showed our view on these issues. Based on the discussion, we proposed the following:
Proposal 1: Option 2 is supported in UL Un HARQ. UL Un subframes are mapped to N UL HARQ processes in a sequential manner.

Proposal 2: eNB informs RN of the number of UL HARQ process through RRC signaling.
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