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Introduction
During RAN2 #62, the HARQ association for DL SPS was discussed with no conclusion and some remaining issues to be resolved. In this paper, we analyze the various related issues and proposed suggestions. 

DL SPS HARQ Process   

HARQ process ID ambiguity has been discussed in [1][2]. The first issue is that when a DL SPS retransmission occurs, the UE needs to associate the possible retransmission (with HARQ Process ID via PDCCH signalling) with the initial transmission that is sitting in one of the HARQ buffers. However, the initial SPS transmission is not assigned on a PDCCH and, hence, has no associated HARQ process ID. This makes the linkage between the initial transmission and the retransmission and soft combining difficult. A PDCCH is used to signal the UE that the retransmission is coming; however, it is not clear what HARQ process ID to use. The second issue, shown in the middle of Figure 1, occurs when a retransmission occurs after the next SPS transmission. The UE has no way of associating the retransmission with the correct transmission.     
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Figure 1. HARQ Process ID Ambiguity (2 cases)

A simple way to resolve these issues is to reserve the HARQ Processes for the DL SPS. In the following, we will further analyze the details.  
HARQ Process Reservation  
The need to link the transmission with the retransmission is important since retransmissions will happen on 10-15% of transmitted voice packets. A simple and robust way to resolve this is to reserve one of the HARQ processes in order to link the initial transmission and the HARQ retransmissions. A simple example of this would be to reserve HARQ process 1 for SPS. No dynamically scheduled transmissions would be allowed to use HARQ process 1 when it is in use. When SPS is configured, the UE would automatically use process 1 for all transmission and re-transmissions. 
If two HARQ processes are reserved and mapped to the SFN and/or subframe, then the second issue is also resolved. An example of this would be that HARQ process 1 and HARQ process 2 are used cyclically every 20ms interval (so the HARQ usage pattern is 1, 2, 1, 2, 1, 2….). However, this can be inefficient, especially considering that retransmissions continuing for more than a frame do not occur very often (on the order of 1% by system design). Given that the initial transmission is targeted for 10~15% BLER and a 20ms packet arrival interval can accommodate 2 HARQ FDD retransmissions, the probability that the second case may occur is quite low (note that VoIP BLER is targeted for less than 1%).   It may not be efficient to reserve another HARQ process to resolve the unlikely occurring second issue. Obviously, the HARQ process reservation will reduce the throughput of the UE since non-continuous transmissions may occur when less than 8 HARQ processes are used due to the reservation. 

On the other hand, if we assume the maximum number of HARQ retransmissions for the SPS is limited by 2 for FDD, we do not need to worry about the second issue at all and only one HARQ process is needed to be reserved for SPS as is shown in Figure 2. Therefore, given that one HARQ process is reserved for a VoIP session, it is beneficial to explore how to avoid the reservation of another HARQ process just for infrequent second case. 
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Figure 2. Maximum number of retransmissions is less than 2.

Considering that both the UE and the eNB have exactly the same information from the SPS allocations, the UE can know that the ambiguity will occur when it transmits the NACK. It need only know the NACK-to-retransmission RTT and when it is sent. After the eNB receives the NACK, eNB can also be aware that ambiguity will occur when the eNB sends the retransmission. Therefore, it is possible to design a rule to dynamically allocate the HARQ process ID that allows the UE to resolve the second case implicitly.  Assume that the reserved HARQ process is X, and the dynamically allocated HARQ process is X+1 (but not reserved). Whenever the UE sends a NACK but the expected retransmission will cross the 20ms boundary, the UE will assume the coming initial transmission over the SPS is using HARQ process X+1. After the eNB receives the NACK and becomes aware that the retransmission will cross the 20ms boundary, the eNB will use the HARQ process ID X+1 (increment the ID Mod 8) to identify it as the initial transmission (also the corresponding retransmission for this transmission). Therefore, in the next 20ms interval, if the UE receives a retransmission with HARQ process X, it is aware that this is for the first transmission; if the UE receives a retransmission with HARQ process X+1, it is aware that this is linked to the current (second) initial transmission. Please see Figure 3. Hence the assignment an SPS with HARQ process X, implies that HARQ process X+1 must be reserved for resolution of issue 2. 
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Figure 3. Implicit dynamic assignment for the additional HARQ process to resolve the second case.

Note that in the above figure, the HARQ process ID for transmission 7 will be revert to the reserved HARQ process ID=X for the normal use (only HARQ process X is reserved). Note that in this case even though transmission 6 needs more than 2 retransmissions (HARQ retransmissions for transmission 6 will cross the transmission 7 boundary), there is no ambiguity for the correct HARQ combing. 

The above scheme is just an example that we use the additional HARQ process as X+1. There are several ways:

1) The additional HARQ process can be the next available HARQ process in the time that case 2 occurs. Note that eNB and the UE has the same information on the HARQ usage status.

2) The additional HARQ process is assigned by the eNB through RRC signalling. But only in case that case 2 occurs. Otherwise it is not used by SPS (no reservation).    

The above method relies on an accurate reception of the ACK/NACK. If the ACK(NACK or NACK(ACK errors occur, the eNB and the UE may have different understanding. However, we believe this case occurs rarely.  As we described above, the second case happens infrequently; and then given the second case happens, the NACK/ACK error probability then equals to Prob(NACK/ACK error)*Prob(second case occur). Note that NACK/ACK error is in 10^(-3) to 10^(-4) range [3] and second case occurs normally less than 5%.   So the total probability is in the range of 10^(-5) to 10^(-6). 

If these errors do happen (uses Figure 3 as an example), 

1) For a NACK( ACK error, the eNB will stop the retransmission for transmission 5, and still implicitly allocate the HARQ process X to transmission 6. The UE will assume transmission 6 uses HARQ process X+1. If transmission 6 is successful, there is no problem. If the transmission 6 is in error, when the retransmission comes (so always HARQ process X), the UE will combine it with transmission 5. The worst case is that UE may lose one more voice packet. The error will not be propagated (since in transmission 7, both the eNB and the UE will simply apply HARQ process X). 

2) For an ACK( NACK error, transmission 5 is successful and UE assumes transmission 6 uses the HARQ ID=X. If the transmission 6 is successful, there is no problem. If transmission 6 is in error, the eNB will send the retransmission with HARQ process ID=x+1. The UE will not try to perform the HARQ combining due to the HARQ ID mismatch. The worst case is that the UE may lose one more packet for transmission 6. The error will not be propagated (since in transmission 7, both the eNB and the UE will simply apply HARQ process X). 

From the above analysis, we conclude that only one HARQ process reservation for the VoIP is necessary, and another HARQ process is implicitly and dynamically assigned to handle the infrequent second case.  In this way, only one HARQ is needed to be reserved (compared with 2 HARQ process reservations, this increase the throughput by 17% for the UE). 

Proposal 1: One HARQ process is reserved for the SPS. The ENB and UE apply the above described implicit rule for the dynamic additional HARQ process usage to handle the second case for the SPS.
Signalling Aspects 

The signalling of the reserved HARQ process ID can be done via the PDCCH or via the RRC.

1) Via PDCCH

 Whenever the DL PDCCH SPS activation is received by the UE, the assigned HARQ ID is the reserved ID X. during the silence period, no HARQ process ID is reserved.        

2) Via RRC

The eNB will signal the reserved HARQ process ID =X to the UE via RRC signalling. The reserved HARQ process can be used by other applications during the silence period. A minor drawback is that certain flexibility may be lost due to the fixed reservation (but it seems the impact is negligible). However, this may also constrain the code space usage for the DL SPS activation via PDCCH (hence reduce the false detection for DL SPS activation). 

We do not have strong opinion on option 1 or option 2. From the simplicity and robustness point of view, the signalling of the reserved HARQ process via the RRC signalling seems preferable. 

Proposal 2: Using RRC signalling to indicate the reserved HARQ process ID.  The reserved HARQ process can be used by other applications during the silence period.

Conclusion

Based on the above analysis, we propose

Proposal 1: One HARQ process is reserved for the SPS. The ENB and UE apply the above described implicit rule for the dynamic additional HARQ process to handle the second case. 

Proposal 2: Using RRC signalling to indicate the reserved HARQ process ID.  The reserved HARQ process can be used by other applications during the silence period.
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