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1 Introduction

The use of HARQ processes in the context of ProSe has not been discussed in RAN2. So far, the only related agreement is that there is no HARQ feedback [1]. This allows for some HARQ functionality such as blind retransmissions and soft combining. Although the exact use of these mechanisms is more related to the physical channel and therefore for RAN1 to decide, HARQ processes are specified in 36.321 [2] which is a RAN2 specification. Hence, RAN2 should discuss HARQ processes in the ProSe context.
2 Discussion
In this section we address the issue of HARQ from various perspectives.

2.1 Properties of the HARQ entity
In MAC the HARQ entity manages several parallel HARQ process. For legacy UEs, there is one HARQ entity per serving cell. How is this property applied in the ProSe context? For legacy UEs, the serving cell is an entity from which the UE receives data (in the DL, vice versa in the UL). In the ProSe context, would it mean that each UE would need one HARQ entity per peer UE it receives data from? It should be noted that a UE would not know in advance how many peer UEs that will send data, which would make it hard to set any type of requirement on the minimum number of HARQ processes that the UE must support. 
Observation 1 The number of HARQ processes may depend on the number of peer UEs a ProSe UE receives data from.

In the “ProSe Duty Cycle” a UE first sends Scheduling Assignments (SA), then data to other ProSe UEs. A UE cannot receive more data than can be scheduled by the SAs. Hence, the number of HARQ entities (and HARQ processes) in a UE is determined by the number of SAs that can be sent in total in a “ProSe Duty Cycle”. 
Observation 2 The number of HARQ processes may depend on the number of SAs that can be sent in a “ProSe Duty Cycle” (SA transmission plus subsequent data transmission).

For ProSe it is of interest to discuss how many HARQ processes are required, especially if more are required than in legacy UEs. Furthermore, how are these processes split in the UE? For legacy services a service is set up in advance so the UE would know beforehand if there is a HARQ process free or not. For ProSe the UE would not know beforehand if there is zero, one, or several SA(s) at next opportunity, all requiring HARQ processes. If a UE is engaged in several ongoing ProSe communication sessions as well as legacy data sessions, e.g., receiving data from several peer UEs and the eNB, how are HARQ processes allocated between sessions? 
It is expected that the procedures for transmission and reception of Discovery Data would be simpler than for Communication data, which is the focus of the previous discussion. Do discovery channels have their own HARQ processes, or how is this split between the ProSe services handled?
Observation 3 How the UE splits its HARQ resources between various Direct Communication sessions and Direct Discovery sessions has not been addressed by RAN2.

2.2 Properties of the HARQ process

Based on the agreement of not having HARQ feedback, the number of transport blocks (soft buffer) a UE needs depends on the interleaving depth of the physical channel. If a transport block is transmitted in subframe n and subsequently retransmitted in subframes n+1, n+2, and n+3 followed by a new transport block in subframes n+4, n+5, n+6, and n+7 maybe only one soft buffer is required. However, there is also the chance that there is processing time needed after the first transport block is received if this “aggressive” scheduling is applied. Regarding interleaving, it is understood that if n transport blocks are interleaved, then n HARQ processes would be needed. Interleaving also creates additional delay.
Observation 4 The number of HARQ processes may depend on interleaving depth and processing delay.
The legacy HARQ process is controlled by things like redundancy version and NDI in L1 signalling. Without HARQ feedback and time in Rel-12 running out it would make sense to simplify the transmission behaviour. As a starting point, for example, the HARQ process does a fixed number of transmissions of each transport block. The exact number could be determined by RAN1.
2.3 HARQ resources in the UE
For legacy FDD UEs the number of DL HARQ processes is eight [3], while for TDD the number varies with the support of different TDD configurations. All of this assumes communication over the Uu interface only. If transmissions on the PC5 interface are allowed to be frequency multiplexed with transmissions on the Uu interface (i.e. they occur in the same subframe but on different resource blocks) for a single UE, the situation with respect to the number of HARQ processes becomes complex. Even if transmissions on Uu are not scheduled in the same subframe as transmissions on PC5, e.g. TDM, some of the eight HARQ processes may still not be free for PC5 transmissions, as they may be involved with retransmissions.

Proposal 1 HARQ process operation over PC5 does not impact HARQ process operation over Uu, i.e., the eNB does not need to take PC5 operation into account with respect to HARQ.

As UEs supporting ProSe Direct Communication anyway will be equipped with two receiver chains, equipping them with more HARQ resources should not increase cost prohibitively. 
Proposal 2 A UE supporting ProSe shall support more HARQ processes than the minimum number for a UE not supporting ProSe.
3 Conclusion

In section 2 we made the following observations:
Observation 1
The number of HARQ processes may depend on the number of peer UEs a ProSe UE receives data from.
Observation 2
The number of HARQ processes may depend on the number of SAs that can be sent in a “ProSe Duty Cycle” (SA transmission plus subsequent data transmission).
Observation 3
How the UE splits its HARQ resources between various Direct Communication sessions and Direct Discovery sessions has not been addressed by RAN2.
Observation 4
The number of HARQ processes may depend on interleaving depth and processing delay.


Based on the discussion in section 2 we propose the following:
Proposal 1
HARQ process operation over PC5 does not impact HARQ process operation over Uu, i.e., the eNB does not need to take PC5 operation into account with respect to HARQ.
Proposal 2
A UE supporting ProSe shall support more HARQ processes than the minimum number for a UE not supporting ProSe.
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