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Introduction
During RAN2 #63, it has been agreed [1] that for the DL SPS, one or multiple HARQ process IDs are reserved. In this paper, we discuss the number of HARQ process(es) that need to be reserved and the related signalling aspects.      

DL HARQ Process reservation  
Although the number of HARQ process IDs to be reserved seem to be an implementation issue, we believe further investigation of this issue can help our understanding and perhaps can improve the system efficiency. 

1) Absolute reservation of M HARQ process
With absolute reservation, the number of HARQ processes reserved for SPS is always sufficient to support the semi persistently scheduled service - i.e. there should never be any need to use HARQ process IDs not reserved for SPS to carry this service. In this case, the number of HARQ process IDs needs to be at least equal to the number of SPS periods over which the maximum number of retransmissions could transpire. The simple explanation is that with each new period a new initial transmission is sent. If there are retransmissions outstanding for a previous transmission in the current period, there needs to be a unique HARQ process ID for each initial transmission so that retransmission can be assigned to the proper HARQ process. In choosing the number of HARQ processes reserved for SPS (M) we must acknowledge the worst case scenario that there will be (a low probability of) instances where all preceding initial transmissions have outstanding retransmissions. Figure 1 provides an illustration. The figure shows a series of transmissions on the downlink. At the far left is the first initial transmission and at the far right is the Nth initial transmission. Each initial transmission occurs after a transmission period P. It is easy to see that when retransmissions from all initial transmissions are still outstanding that there will need to be N HARQ process IDs. Further, if we know the maximum transmission time (MTT) between an initial transmission and the time that it takes to complete all possible retransmissions, the following equation calculates the minimum number of HARQ process IDs:
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Figure 1. Initial transmission on the downlink over the course of N periods.
To make the equation more useful, we need to be able to calculate MTT. If we assume the retransmission RTT is fixed and the number of maximum retransmissions is I, then the above formula can be simplified as 
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As an example, assume the maximum number of retransmissions I is 3. The RTT is fixed to be 8 ms. The period P is 20 ms, MTT = 3*8 = 24 ms, and the M is easily calculated as Ceil(24/20) = 2. 

Conclusion 1: If absolute HARQ reservation is used, the maximum transmission time (i.e., maximum retransmission number) should be considered to determine the minimum HARQ process IDs that need to be reserved.  

2) HARQ process ID reservation allowing dynamic overwriting  

In the above formula, where absolute reservation is applied in order to avoid the HARQ process ambiguity, the worst case scenario should be considered, i.e., the maximum allowed retransmissions for SPS (I). However, as stated in [2], the chance for the high number of retransmissions is quite low. So designing based on the worst case number of retransmission is indeed quite inefficient. Another alternative is that we can allow dynamic overwriting, where an initial transmission is sent using normal dynamic scheduling within an SPS TTI, to handle the unlikely case as shown in the following figure. 
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Figure 2. HARQ process reservation with dynamic overwriting 
From the above example, let us assume in most cases that the retransmissions can be completed in 1 or 2 attempts. Given that the period is 20 and the RTT=8ms, it is easily find out that we only need to reserve one HARQ process ID (assume it is X) to cover at most two retransmissions. But infrequently there may be 3 or 4 retransmissions needed. For example, Figure 2 shows three retransmissions are needed for packet 5. Then packet 6 cannot use HARQ process ID X again. So the eNB will dynamically schedule packet 6 using the PDCCH to avoid the HARQ process ID ambiguity. Packet 7 will use HARQ process X again. 

Conclusion 2: It should be allowed to use dynamic overwriting to relax the number of reserved HARQ process IDs to deal with the low probability events.    
Also, for different UEs, the geometry is different, so the needed number of retransmissions is different. For example, the UEs close to the eNB may only need to reserve one HARQ process, but the UEs at the cell edge may need to reserve 2 HARQ process for the VoIP.
Conclusion 3: The number of HARQ process reserved for different UEs for the same SPS service could be different which is based on the UE’s radio conditions (e.g., pathloss).
Signalling aspects of HARQ process reservation 

Assume the reserved HARQ process IDs always start from process 0 and increase continuously. Then the only information UE needs to know is the number of HARQ processes that are reserved. Based on the previous discussion, it should not be necessary to support a high number of HARQ process IDs for SPS, even if a relatively high number of retransmissions are possible. In most cases 1 or 2 HARQ process IDs reserved for SPS should be sufficient, but to give some flexibility we suggest that the maximum number of reserved HARQ process IDs supported by the RRC signalling should be 4.
Proposal 1: The eNB shall signal the number of reserved HARQ process IDs to the UE via RRC signalling.  The maximum number of reserved HARQ process IDs supported by the RRC signalling should be 4
It is currently unclear whether a UE can be assigned more than one SPS resource. Many discussion papers seem to assume that a UE can only be assigned a single SPS resource but this does not appear to have been clearly captured in the specifications or meeting minutes. This aspect should be confirmed by the group.

Clearly, if more than one SPS resource can be assigned to a UE it is not sufficient to signal the number of reserved HARQ processes but it would also be necessary to signal the start of the reserved HARQ process ID index. The solution for this is unclear and we suggest that the group discuss this and make the decision. 
Proposal 2: Confirm that a UE can be configured with zero or one SPS assignment.

Proposal 2a: If proposal 2 is not confirmed by the group then the eNB shall not only signal the number of reserved HARQ process IDs to the UE, but also the start index of the reserved HARQ processes.
Conclusion
The following suggestions should be taken into account for the DL SPS HARQ reservation.

Conclusion 1: If absolute HARQ reservation is used, the maximum transmission time (i.e., maximum retransmission number) should be considered to determine the minimum HARQ process IDs that need to be reserved.  

Conclusion 2: It should be allowed to use dynamic overwriting to relax the number of reserved HARQ process IDs to deal with the low probability events.    
Conclusion 3: The number of HARQ process reserved for different UEs for the same SPS service could be different which is based on the UE’s radio conditions (e.g., pathloss).

Proposal 1: The eNB shall signal the number of reserved HARQ process IDs to the UE via RRC signalling.  The maximum number of reserved HARQ process IDs supported by the RRC signalling should be 4.
Proposal 2: Confirm that a UE can be configured with zero or one SPS assignment.

Proposal 2a: If proposal 2 is not confirmed by the group then the eNB shall not only signal the number of reserved HARQ process IDs to the UE, but also the start index of the reserved HARQ processes.
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