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1.	Introduction
	Agreement:
For HARQ process management, further study whether/how to differentiate the HARQ process ID used for PTP (re)transmission for unicast and PTP retransmission for multicast.



In previous meeting, the group has agreed to study how to differentiate the HARQ process ID for unicast transmission and MBS PTP retransmission. A proposal of split NDI process has been discussed during the email discussion, which is implemented by introducing a new field in the DCI format to indicate the transmission mode. In this document, we provide our views on the HARQ process differentiation issue.
2.	Discussion
	[High] Initial Proposal 3-1:
For HARQ process management, a DCI field can be introduced into the DCI of PTP transmission to differentiate the HARQ process ID used for PTP (re)transmission for unicast and PTP retransmission for multicast.



The proposal above is the original proposal in the 1st run email discussion in the last meeting. Feature lead also provided a reference figure from Qualcomm’s contribution [2] for further clarification.
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The reference figure above depicts a case that a UE-a receives a PTP transmission with a HARQ process ID (HPID) and the NDI state is 0, in the meantime, a UE-b receives another PTP transmission with the same HPID, but the NDI state is 1. In this case, if UE-b missed a newly transmitted PTM-1 transmission with the same HPID and non-toggled NDI (=1), UE-b may soft-combine a wrong transport block from a subsequent PTP transmission. To further analyze the scenario, we can assume the earliest 2 PTP transmissions received respectively by UE-a and UE-b carry different transport blocks due to different NDI values. A potential reason that this scenario happens may be caused by miss-detecting or fail-decoding 2 of even earlier PTM-1 transmissions as depicted in Phase-1 and Phase-2 in the Figure 1 below. Each of the UEs missed or failed to decode one of the transmissions, which leads to 2 distinct PTP retransmissions in phase-3 to UE-a and UE-b, respectively. Rest of the details (Phase 3, 4 and 5) in the Figure 1 are similar to the reference figure except using TB#3 as a new transmitted TB in phase-4 and phase-5.
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Figure 1. Preceding phases of the reference figure from [R1-2104695]
The first question is, in Phase-2, the base station knows that UE-b hasn’t completed the transmission (TB#1) in Phase-1, but still determine to transmit TB#2 by using the same HPID and a toggled NDI. It means the base station wants UE-b to flush the TB#1 from the soft-buffer and receive TB#2. In this case, the base station should not send a PTP retransmission of TB#1 in the Phase-3 as highlighted in dark gray block. Then the mistake soft-combining with TB#3 in the Phase-5 won’t happen at the first place. 
Observation 1: For PTP retransmission, the transmission received by UE-b in Phase-3 is a mistake gNB behavior. The soft-combining mistake can be avoid if the gNB is properly configured.
On the other hand, instead of a PTP retransmission, the transmission to UE-b in the Phase-3 (i.e. TB#1) can be a new transmission scheduled in unicast. In this case, the base station knows UE-b hasn’t completed the transmission in Phase-3. If now a new PTM-1 transmission is sent in Phase-4 with the same HPID with non-toggled NDI, UE-b would assume that the PTM-1 transmission is a retransmission and soft-combine wrong TBs (TB#2 in Phase-3 and TB#3 in Phase-4). Likewise, the base station can aware this error in advance, and choose another HPID for TB#1 in Phase-3 and TB#3 in Phase-4 to avoid the error.
Further, according to the conclusion from RAN1 #104be as shown below, companies have no problem on the maximum number of HARQ process. Thus, gNB should be able to find an available HARQ process ID, otherwise the gNB can hold the unicast in Phase-3 or the PTM-1 transmission in Phase-4 until an HARQ process ID becomes available.
	Conclusion:
The maximum number of HARQ processes per cell, currently supported for unicast, is kept unchanged for UE to support multicast reception.
· How to allocate HARQ processes between unicast and multicast is up to gNB.


[bookmark: _GoBack]Observation 2: Error case may happen due to insufficient number of HARQ processes (i.e. HARQ process starvation) and mistake gNB behavior. Since companies have no problem on the maximum number of HARQ process, there is no need to introduce features to differentiate MBS and unicast transmission in physical layer.
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Figure 2. Unicast HPID collision
If the split NDI feature is agreed, UE has to double the buffer space to all HARQ processes in order to maintain two NDI states simultaneously. Assuming the same number of schedulable HARQ process by a DCI, the split NDI feature forces the gNB to schedule transport blocks of G-RNTI and C-RNTI to two different HARQ sub-processes (e.g. HPID 1a and 1b), respectively. If the differentiation is configured by RRC, it introduces more restrictions to the gNB, for example, now the gNB cannot schedule transport block of G-RNTI to the memory space of HPID 1b. On the other hand, if the differentiation is controlled by a new field in DCI, what is the difference to expand HARQ ID field and schedule transport blocks of G-RNTI and C-RNTI to HPID 1 and 2?  
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(a) Legacy HARQ process scheduling
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(b) HARQ sub-process scheduling


Figure 3 (a) Expanding HARQ process, and apply legacy HARQ process scheduling vs. (b) split NDI with introduced HARQ sub-processes
Observation 3: If the differentiation is configured by RRC, it restricts the gNB on the control of soft buffer for HARQ in the UE. If the differentiation is scheduled by a new field in the DCI, the result is similar to increase the maximum number of HARQ processes.
According to the RAN2 agreement below, a UE can be configured with MRB with PTM only, PTP only or both PTM and PTP. Thus, for UE which encounters with bad channel condition and HPID starvation status, networks can configure PTP only to provide reliable transmission. On the other hand, RAN1 has agreed to support HARQ enabling/disabling for MBS, which can also be exploited to deal with HPID starvation issue as discussed in NTN.
	RAN2 #115e
In RRC signalling, one MRB can be configured with PTM only or PTP only or both PTM and PTP. Whether PTM, PTM+PTP or PTP-only can be changed from one to other via RRC signaling.


Proposal 1: HARQ ID starvation on supporting MBS and unicast can be resolved based on networks implementation, e.g. configuring PTP only or using HARQ enabling/disabling.
Proposal 2: If further enhancement on handling HARQ ID starvation issue is needed, increase the maximum number of HARQ processes.
3.	Conclusion
Observation 1: For PTP retransmission, the transmission received by UE-b in Phase-3 is a mistake gNB behavior. The soft-combining mistake can be avoid if the gNB is properly configured.
Observation 2: Error case may happen due to insufficient number of HARQ processes (i.e. HARQ process starvation) and mistake gNB behavior. Since companies have no problem on the maximum number of HARQ process, there is no need to introduce features to differentiate MBS and unicast transmission in physical layer.
Observation 3: For HARQ process and NDI differentiation for MBS and unicast
· If the differentiation is configured by RRC, it restricts the gNB on controlling UE soft buffer utilization. 
· If the differentiation is scheduled by DCI, the result is identical to increasing the maximum number of HARQ processes.
Proposal 1: HARQ ID starvation on supporting MBS and unicast can be resolved based on networks implementation, e.g. configuring PTP only or using HARQ enabling/disabling.
Proposal 2: If further enhancement on handling HARQ ID starvation issue is needed, increase the maximum number of HARQ processes.
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