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Introduction
In last RAN1#102e, it has been agreed in [1] that 
	Agreements
For RRC_CONNECTED UEs, HARQ-ACK feedback is supported for multicast and no additional evaluation is needed to justify this.
· FFS: The detailed HARQ-ACK feedback solutions, e.g., ACK/NACK based, NACK-only based.
· FFS: HARQ-ACK feedback can be optionally disabled and/or enabled.



In [1] it was further agreed:
	Agreements:
· For RRC_CONNECTED UEs, at least support slot-level repetition for group-common PDSCH. 
· FFS: whether enhancement is needed
Agreements:
· For RRC_CONNECTED UEs, existing CSI feedback can be used for multicast transmission.
· FFS: whether enhancement is needed 



In this paper, we will have detailed discussion about how to support HARQ-ACK feedback. We will also briefly discuss the reuse of PDSCH repetition from legacy NR unicast, how it is combined with HARQ retransmission and whether enhancement is needed for existing CSI feedback to support multicast transmission.
[bookmark: _Ref178064866]Discussion
HARQ feedback solution
There are two alternatives to support HARQ-ACK feedback:
· option 1 ACK/NACK based solution where each UE in a PTM group has its own PUCCH resource to send HARQ feedback. When packet is correctly decoded, UE sends back ACK; otherwise UE sends back NACK. 
· option 2 NACK-only based solution where all the UE in the PTM group share same resource to send HARQ feedback. When a packet is correctly decoded, UE does nothing; if packet cannot decode correctly, UE sends back NACK.
The advantage of option 1 is that it is easy to reuse the current PTP/unicast HARQ feedback framework as detailed in Section 9.2.3 of [2], including the mapping of values for HARQ-ACK information bits to sequences that are available for different PUCCH formats. The PUCCH resource/format for PTM HARQ feedback can be the same as that defined for PTP/unicast. Due to this feature, it is also possible to multiplex PTM HARQ feedback with PTP HARQ feedback in one HARQ codebook. The current specifications already support the joint feedback corresponding to two spatially multiplexed transport blocks. This scenario occurs only when the UE has more than 4 antennas and the rank indicator is at least 5, which is relatively less frequent in practice due to challenging propagation conditions. Furthermore, it is less likely that UE scheduled for simultaneously two transport blocks of PTP and another transport block of PTM in the same slot. Therefore, the existing framework of joint feedback for two transport blocks can be also leveraged for the joint feedback of PTP and PTM. This can be done by the mapping of values for HARQ-ACK information bits to sequences as shown in Table 1. 
Table 1 Mapping of values for two HARQ-ACK information bits to sequences for PUCCH format 0 
	HARQ-ACK value
	Unicast (PTP) ACK & Multicast (PTM) ACK 
	Unicast (PTP) ACK & Multicast (PTM) NAK
	Unicast (PTP) NAK & Multicast (PTM) NAK
	Unicast (PTP) NAK & Multicast (PTM) ACK

	Sequence cyclic shift
	mcs= 0
	mcs= 3
	mcs= 6
	mcs= 9



Once gNB detects HARQ feedback, it is clear which UEs require retransmission and how many UEs require retransmission. The disadvantage of option 1 is that the required UL PUCCH resource for HARQ feedback grows with the number of receiving UEs in a multicast group and thereby can become large.
The advantage of option 2 is that the required UL resource for HARQ feedback is low as all UE in the PTM group share the same UL resource. However, it has many disadvantages, e.g. it requires to design new UL channel/format to carry this HARQ feedback which requires large workload in RAN1; it is not possible to multiplex PTM HARQ feedback with PTP HARQ feedback, and the most important, gNB does not know which UEs require retransmission and therefore a retransmission has to use a wide beam targeting all UEs in the PTM group. And when the number of users in the PTM group is large, the possibility that at least one UE requires retransmission would be quite high, this means gNB have to almost always use a wide beam for retransmission. 
Therefore, comparing option 1 and option 2, we prefer option 1 due to the many advantages it has. Regarding the overhead issue of option 1, it depends on how many UEs in a multicast group need to be in RRC_Connected state and thus how many PRBs are needed in the UL. In many cases, this may be not an issue. We can discuss this overhead issue later when we identify it is a problem.
[bookmark: _Toc51934568][bookmark: OLE_LINK11][bookmark: _Toc54390016]The HARQ feedback solution for PTM is an ACK/NACK based solution where each UE in a PTM group has its own PUCCH resource to send HARQ feedback

Assuming a UE has its own PUCCH resource to send HARQ feedback for PTM transmission, a relevant issue is whether the PUCCH resource for PTM HARQ feedback is a resource that is shared by PTM HARQ feedback and PTP HARQ feedback, here referred as option A, or a dedicated for PTM HARQ feedback, here referred as option B.
The advantage of option A) is that PUCCH resource efficiency is high as PTM and PTP HARQ feedback can use the same PUCCH resource. That is, one PUCCH resource can be used to convey the HARQ feedback for both PTM and PTP transmission. In order to achieve this, a joint HARQ feedback codebook needs to be designed. PTM transmission can be treated as from a virtual carrier and then the HARQ codebook design rule of current NR spec can be reused. On the other hand, it is not a necessity to design joint HARQ feedback codebook. Via implementation, gNB can avoid that UEs need to send PTM and PTP HARQ feedback in the same slot. Then HARQ feedback for PTM can be treated in the same way as that of PTP. 
One issue that needs attention is that since there is only one single PUCCH resource indicator (PRI) in DCI in PDCCH, and the PUCCH resource is shared among PTM and PTP HARQ feedback, we need to make sure that the single PUCCH resource indicator (PRI) can point to different PUCCH resource for different UE in PTM group so that there is no PUCCH resource conflict. 
[bookmark: OLE_LINK5][bookmark: _Toc54390010][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK26]There might be PUCCH resource conflicts among UE in multicast group when a PUCCH resource is shared between PTP and PTM HARQ feedback.
The advantage of option B) is that as PTM HARQ feedback has its own PUCCH resource, one single PUCCH resource index/indicator (PRI) in DCI in PDCCH points to different PUCCH resource among all UEs in a PTM group, therefore there is no resource conflict. Furthermore, as PTM HARQ feedback bits will not be combined with PTP HARQ feedback bits in one resource, we do not need to design a joint HARQ feedback codebook for PTM and PTP transmission. 
[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc472092068][bookmark: _Toc477793228][bookmark: _Toc477794299][bookmark: _Toc477794307][bookmark: _Toc477794315][bookmark: _Toc54390011]There is no PUCCH resource conflict among all UE in PTM group even though one single PUCCH resource indicator (PRI) in PDCCH applies to all UE in the PTM group when dedicated PUCCH resource is configured to each UE for its PTM HARQ feedback transmission.
The issue with option B) is that when both PTM HARQ feedback and PTP HARQ feedback needs be transmitted at the same UL slot, UE needs to send two PUCCH which is difficult for most UE to fulfill, as up to now no UE category support the transmission of two PUCCHs at the same time. This issue can be solved by two options below.  
i ) gNB could, via implementation, make sure that UE is not required to send HARQ feedback for PTM and PTP transmission at the same time.
ii ) A rule can be defined that a UE may only send one type of HARQ feedback, i.e. either HARQ feedback for PTM or HARQ feedback for PTP when PTM and PTP HARQ feedback needs be transmitted at the same time. Then performance will be impacted.
Comparing option A) with option B), we are a little bit leaning toward option B. This is because the impact on the standard of option B is lower compared to option A. And it is a bit more clear to decouple PTM and PTP HARQ feedback.
[bookmark: _Toc51934569][bookmark: OLE_LINK27][bookmark: _Toc54390017]Dedicated PUCCH resource is configured for PTM traffic HARQ feedback for each UE in PTM group.
[bookmark: OLE_LINK10]On the other hand, we are open to also support option A as it has the advantage of resource efficiency as PTM and PTP HARQ feedback can be multiplexed into the same PUCCH resource as pointed out in Table 1. Then we need to make sure that single PRI in PDCCH for PTM scheduling is not an issue.
Since there are two types of HARQ feedback codebook, semi-static and dynamic for legacy PTP, it is quite natural that both of them are supported by PTM based HARQ feedback transmission.   
One issue that needs attention for dynamic HARQ feedback is that one field in DCI is used to indicate to UE how many PDCCH are actually transmitted, so that UE know how many bits are needed in HARQ feedback codebook. Since a UE receiving PTM transmission could receive PTP transmission as well, and the number of transmitted PDCCH for PTP transmission is different from UE to UE, if we follow the current rule to determine/set DAI, one DAI in DCI in PDCCH of PTM transmission may not be suitable for all UE in PTM group. 
[bookmark: OLE_LINK4][bookmark: _Toc54390012]For dynamic HARQ feedback codebook, a new way to determine/set DAI in PDCCH is needed so that one DAI in PDCCH is suitable for all UE in multicast group.
We therefore propose to decouple the DAI counting between PTM and PTP in PDCCH. That is, DAI is counted independently for PTM and PTP. Furthermore, if a UE is involved in more than one PTM group, then DAI in different PTM groups is counted independently as well. The way to distinguish PTP and PTM and different PTM group can be via the RNTI used for PDCCH.   
[bookmark: _Toc51934570][bookmark: OLE_LINK9][bookmark: OLE_LINK3][bookmark: _Toc54390018]When dynamic HARQ feedback codebook is configured, the DAI in PDCCH is counted independently between PTP and PTM and between different PTM group which can be distinguished according to the RNTI used for PDCCH.
HARQ retransmission
With HARQ feedback, gNB can determine whether to do retransmission via PTM or PTP. If only few UEs send NACK, then gNB can initiate HARQ retransmission via PTP targeting specific UEs. If many UE send NACK, then gNB can initiate HARQ retransmission via PTM again. The gNB may switch from PTM to PTP at any retransmission, so a sequence of e.g. PTM-PTM-PTP-PTP is e.g. possible. Whether retransmission is via PTP or PTM, retransmission can be soft combined with earlier transmissions to improve transmission reliability and then performance.
[bookmark: OLE_LINK12][bookmark: _Toc54390019]PTP based retransmissions can be soft combined with earlier PTM transmissions 
HARQ feedback disable/enable
Another question needs further study is whether HARQ feedback for PTM can be optionally disabled/enabled. 
First, we want to clarify that the purpose to disable HARQ feedback is to save PUCCH resource as this is the KEY issue to be solved for PTM traffic HARQ feedback. It is not motivated to have a mechanism which just let UE not sending HARQ feedback but the PUCCH resource for PTM traffic is still there. 
Whether we really need HARQ feedback disabling functionality depends on scarcity of PUCCH resource. For use cases where the high number of UEs creates a PUCCH resource issue, then network could skip configuring a number of UEs with PUCCH resources for PTM HARQ feedback, effectively disabling HARQ feedback.  
That is, if PUCCH resource is configured to UE, this automatically mean enabling HARQ feedback. If no PUCCH resource is configured to UE, this automatically mean disabling HARQ feedback. 
[bookmark: OLE_LINK13]Enabling/disabling HARQ feedback for PTM may be achieved via configuring or not configuring PUCCH resource for PTM traffic, In our view, when dedicated PUCCH resource is configured for PTM, it is quite natural to enable or disable HARQ feedback as network can just configure this dedicated PUCCH or not configure for a PTM UE. We also note that in rel17, the principle of enabling / disabling HARQ feedback per HARQ process is already agreed for the purpose of supporting NTN[1]. 
On the other hand, if PUCCH resource is shared between PTP and PTM, then it is not that straightforward to enable or disable HARQ feedback. As PUCCH resource is shared between PTP and PTM, network must always configure PUCCH resource for each UE as PTP needs HARQ feedback. Defining some extra signaling to disable/enable HARQ feedback for PTM traffic is questionable since even if HARQ feedback for PTM traffic is disabled, the PUCCH resource configured for UE is still there. We will not be able to save PUCCH resource by disabling HARQ feedback. 
[bookmark: OLE_LINK6][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _Toc54390013]If PTM HARQ feedback is associated with its dedicated PUCCH resource then HARQ feedback can be disabled for certain UEs by not configuring PUCCH resource for HARQ reporting. 
[bookmark: _Toc54390014]If PUCCH resources are shared between PTP and PTM, the PUCCH resource configured for UE is still there, so there is little or no value in disabling HARQ feedback. 
PDSCH repetition
We think the existing Rel.16 NR unicast framework for PDSCH repetitions, using aggregations of slots, can be directly reused for NR multicast/PTM. With a PDSCH aggregation of N (N=2, 4 or 8) the same transmission of PDSCH will be repeated in N consecutive slots, with different Redundancy Versions (RV), and the UE will send HARQ feedback only after the Nth slot, after having soft-combined the RVs of the N transmissions. 
As in legacy NR, such PDSCH repetitions are combined with normal HARQ retransmission in such a way that if UE decoding fails after the last slot of the first PDSCH aggregation, and the UE sends a related NACK, the network may send a new complete PDSCH aggregation, which will generate a new HARQ feedback etc.
We do not foresee any necessary enhancements for the use of PDSCH repetition for multicast/PTM.
[bookmark: OLE_LINK7][bookmark: _Toc54390015]	The Rel.16 NR unicast framework for PDSCH repetition can be reused.	No enhancements of PDSCH repetition functionality seem necessary. 
[bookmark: OLE_LINK14][bookmark: _Toc54390020]	The Rel.16 NR unicast framework for PDSCH repetition is reused for multicast/PTM.
CSI feedback
One way to improve the downlink reliability is to acquire CSI from UEs at the transmitting gNB and consequently adapt the modulation and coding scheme (MCS) according to the propagation channel quality. While this is heavily utilized in the PTP transmission, previous studies in TR 36.890 indicate that the CSI feedback facilitates the improved spectral efficiency also in the case of single cell PTM transmission. 
In contrast to the PTP case that involves the feedback from a single UE, gNB needs to account for the feedback from multiple UEs involved in the PTM transmission while selecting the beamforming or precoding vector and the MCS index. Depending on spatial distribution of the UEs within the coverage region, the desired precoder can be either narrow beam or wide beam. However, it cannot be in the null space of any of the precoders indicated by the UEs. 
Similarly, by selecting the MCS based on the CQI corresponding to the worst-case UE (i.e., the spectral efficiency corresponding to the minimum of the desired spectral efficiencies of all the UEs), gNB can ensure reliability even for the UEs experiencing the worst-case channel quality. To do such optimizations of precoders and MCS levels, CSI acquisition at the gNB is essential. 
The existing CSI-RS, CSI measurements and reporting framework of release-15 and -16 NR specifications already supports such CSI acquisition. The CSI report from the UE may include Channel Quality Indicator (CQI), precoding matrix indicator (PMI), CSI-RS resource indicator (CRI), SS/PBCH Block Resource indicator (SSBRI), layer indicator (LI), rank indicator (RI) and L1-RSRP. The existing framework is already flexible, and we don’t foresee any further enhancements to it.
Observation 1 [bookmark: OLE_LINK8]The Rel. 15/16 framework of CSI-RS, CSI measurements and reporting utilized for PTP can be reused for PTM. No enhancements seem necessary.
[bookmark: _Toc54389118][bookmark: _Toc54389135][bookmark: OLE_LINK15][bookmark: _Toc54390021]	The existing Rel. 15/16 framework of CSI feedback is reused for multicast/PTM with no further additions.
Conclusion
In the previous sections we made the following observations: 
Observation 1	There might be PUCCH resource conflicts among UE in multicast group when a PUCCH resource is shared between PTP and PTM HARQ feedback.
Observation 2	There is no PUCCH resource conflict among all UE in PTM group even though one single PUCCH resource indicator (PRI) in PDCCH applies to all UE in the PTM group when dedicated PUCCH resource is configured to each UE for its PTM HARQ feedback transmission.
Observation 3	For dynamic HARQ feedback codebook, a new way to determine/set DAI in PDCCH is needed so that one DAI in PDCCH is suitable for all UE in multicast group.
Observation 4	If PTM HARQ feedback is associated with its dedicated PUCCH resource then HARQ feedback can be disabled for certain UEs by not configuring PUCCH resource for HARQ reporting.
Observation 5	If PUCCH resources are shared between PTP and PTM, the PUCCH resource configured for UE is still there, so there is little or no value in disabling HARQ feedback.
Observation 6	The Rel.16 NR unicast framework for PDSCH repetition can be reused. No enhancements of PDSCH repetition functionality seem necessary.
Based on the discussion in the previous sections we propose the following:
Proposal 1	The HARQ feedback solution for PTM is an ACK/NACK based solution where each UE in a PTM group has its own PUCCH resource to send HARQ feedback
Proposal 2	Dedicated PUCCH resource is configured for PTM traffic HARQ feedback for each UE in PTM group.
Proposal 3	When dynamic HARQ feedback codebook is configured, the DAI in PDCCH is counted independently between PTP and PTM and between different PTM group which can be distinguished according to the RNTI used for PDCCH.
Proposal 4	PTP based retransmissions can be soft combined with earlier PTM transmissions
Proposal 5	The Rel.16 NR unicast framework for PDSCH repetition is reused for multicast/PTM.
Proposal 6	The existing Rel. 15/16 framework of CSI feedback is reused for multicast/PTM with no further additions.

[bookmark: _In-sequence_SDU_delivery]References
Chairman Notes for RAN1#102-e
3GPP TS 38.213, 3GPP NR Physical layer procedure for control, 2020

	4/4	
