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Introduction
The WID [1] objectives of NR multicast, broadcast services (NR-MBS) within the scope of RAN1 WG include:
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:
· Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2]
· This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.
· Specify required changes to improve reliability of Broadcast/Multicast service, e.g. by UL feedback. The level of reliability should be based on the requirements of the application/service provided.
· [bookmark: _Ref178064866]Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states [RAN2, RAN1]:
· Specify required changes to enable the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception.
This contribution discusses how to improve the reliability of Broadcast/Multicast service via UL feedback.
Discussion
In order to avoid some misunderstanding, first, we would like to clarify the terminology used in this paper.
PTP means transmission toward one UE with UE specific RNTI, i.e. C-RNTI. 
PTM means transmission toward multiple UEs in a group with group specific RNTI, i.e. G-RNTI.
Similar to PTP communication the network may use UE feedback also with PTM to enhance the transmission reliability and coverage for individual UEs as well as enhancing the global network performance. 
Fundamentally, feedback from UEs allows the network to adapt the transmission to the actual number of UEs that wish to consume the service and to their actual reception conditions. For a given IP multicast content the result may be PTM only, PTP only, both PTM and (one or more) PTP, depending of the UE feedback. 
Further, the network may e.g. use UE feedback to optimize MCS selection, beamforming and use of MIMO. Such feedback may e.g. include HARQ ACK/NACK, and CSI which includes 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. These aspects are further discussed below.
HARQ feedback
In 5G NR PTP transmission, there are different levels of UL feedback to improve reliability of transmission. For example, HARQ feedback can be used to trigger HARQ retransmission, RLC feedback can be used to trigger RLC retransmission, and PDCP status reporting can be used to trigger PDCP retransmission. Our view is that it is useful to enable HARQ retransmission as HARQ retransmission is quick and has soft combining gain. HARQ retransmissions may also increase time diversity gain. Therefore, we think it is necessary to support at least HARQ feedback for PTM transmission in NR. Whether RLC and/or PDCP re-transmissions are to be supported for multicast/broadcast service is up to RAN2 to decide and will not be further discussed here.
The use of HARQ re-transmission may be beneficial also for PTM and HARQ feedback is needed to support this.
How to support HARQ feedback for PTM transmission is an issue to consider. There are at least two options. Option 1) Each UE in a PTM group has its own PUCCH resource to send HARQ feedback. Option 2) all the UE in the PTM group share same resource to send HARQ feedback.
The advantage of option 1 is that it is easy to reuse the current PTP/unicast HARQ feedback framework. The PUCCH resource/format for PTM HARQ feedback can be the same as that defined for PTP/unicast. No new PUCCH format need be standardized. Due to this feature, it is also possible to multiplex PTM HARQ feedback with PTP HARQ feedback in one HARQ codebook. Once gNB detects HARQ feedback, it is clear which UE requires retransmission and how many UE require retransmission. The disadvantage is that the required UL resource for HARQ feedback is growing 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. 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 gNB does not know which UE require retransmission and therefore a retransmission has to use a wide beam targeting all UEs in the PTM group. 
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 actually 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: OLE_LINK20]Each UE receiving PTM transmission has its own UL resource to send corresponding HARQ feedback.
When 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 dedicated for PTM HARQ feedback, here referred as option A, or whether it is a resource that is shared by PTM HARQ feedback and PTP HARQ feedback, here referred as option B.
The advantage of option A) is that as PTM HARQ feedback has its own PUCCH resource, we do not need to worry about the issue that one single PUCCH resource index/indicator (PRI) in DCI in PDCCH point to the same PUCCH resource among all UEs in a PTM group, which then results in a 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. The impact on standard will be quite small.
Observation 1 [bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc472092068][bookmark: _Toc477793228][bookmark: _Toc477794299][bookmark: _Toc477794307][bookmark: _Toc477794315]There is no issue of conflict for PUCCH resources among all UE in PTM group even though one single PUCCH resource indicator (PRI) in PDCCH apply to all UE in PTM group when dedicated PUCCH resource is configured to each UE for its PTM transmission HARQ feedback.
The disadvantage of option A) is that the PUCCH resource efficiency is reduced. And 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 PUCCH at the same time. However, this 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.
The advantage of option B) is that PUCCH resource efficiency is high. However, since there is only one single PUCCH resource indicator (PRI) in DCI in PDCCH, and PUCCH resource is shared among PTM and PTP HARQ feedback, we need to make sure that one single PUCCH resource indicator (PRI) can point to different PUCCH resource so that there is no PUCCH resource conflicts for all the UEs in multicast group. 
Observation 2 There might be PUCCH resource conflicts among UE in multicast group when a PUCCH resource is shared between PTP and PTM HARQ feedback.
For option A, it is natural that there will be no joint HARQ feedback. For option B, it is flexible to either support joint HARQ feedback between PTM and PTP transmission or not to support.
If we do not want to support, then still gNB could via implementation make sure UE is not required to send HARQ feedback for PTM and PTP transmission at the same time.
Observation 3 Via gNB implementation, it is possible to avoid joint HARQ feedback codebook for PTM and PTP transmission.
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]If we want to support joint HARQ feedback, a new rule to determine this joint HARQ feedback codebook need be defined. Since there are two types of HARQ feedback codebook, semi-static HARQ feedback codebook and dynamic HARQ feedback codebook, the rule needs to cover the following case a) PTM transmission is configured with dynamic HARQ feedback codebook and PTP transmission is configured with dynamic HARQ feedback codebook, b) PTM transmission is configured with dynamic HARQ feedback codebook and PTP transmission is configured with semi-static HARQ feedback codebook, c) PTM transmission is configured with semi-static HARQ feedback codebook and PTP transmission is configured with dynamic HARQ feedback codebook, d) PTM transmission is configured with semi-static HARQ feedback codebook and PTP transmission is configured with semi-static HARQ feedback codebook. 
Observation 4 If joint HARQ feedback codebook need be supported, the combination of two types of HARQ feedback codebook for both PTM and PTP transmission need be considered.
For dynamic HARQ feedback, a field in DCI is used to indicate to UE how many PDCCH are actual scheduled, so that UE know how many bits are needed in HARQ feedback codebook. Since a UE who receives PTM transmission could receive PTP transmission as well, and the number of scheduled 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. 
Observation 5 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.

CSI feedback
Besides HARQ, similarly to PTP, CSI feedback which includes CQI/PMI/RI can also be used to improve PTM transmission reliability with higher resource efficiency. With CSI feedback, gNB can know the rough direction of the UE and what is the right MCS to be used. Different from PTP, gNB need to consider the collective feedback from all participating UEs when making the transmission choice, e.g. form a wider beam to cover all UEs in the multicast group when UEs in PTM group are spreading over a large area, or form a narrow beam to cover all UEs when they are near each other, select a MCS which can ensure reliability for the worst UE in the PTM group etc. PTM transmissions may use different beams compared to PTP transmissions which means the channel experienced by the UE for PTM may be quite different from the PTP transmission. Therefore it is necessary to configure UE PTM specific CSI-RS for measurement and report. From RAN1 perspective, the difference from this PTM specific CSI-RS and CSI-RS used for PTP is that different scrambling IDs are needed. For PTM, this scrambling ID should be linked to PTM group (e.g. G-RNTI) instead of being linked to a cell ID.
Observation 6 PTM specific CSI-RS with different scrambling ID compared to PTP CSI-RS is needed so that UE can measure and report PTM specific channel related information. 
UEs in a PTM group can be configured with one or more CSI-RS for PTM and with corresponding CSI reporting.

Conclusion
In the previous sections we made the following observations: 
Observation 1 There is no issue of conflict for PUCCH resources among all UE in PTM group even though one single PUCCH resource indicator (PRI) in PDCCH apply to all UE in PTM group when dedicated PUCCH resource is configured to each UE for its PTM transmission HARQ feedback.
Observation 2 There might be PUCCH resource conflicts among UE in multicast group when PUCCH resource is shared between PTP and PTM HARQ feedback.
Observation 3 Via gNB implementation, it is possible to avoid joint HARQ feedback codebook for PTM and PTP transmission.
Observation 4 If joint HARQ feedback codebook need be supported, the combination of two types of HARQ feedback codebook for both PTM and PTP transmission need be considered.
Observation 5 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 6 PTM specific CSI-RS with different scrambling ID compared to PTP CSI-RS is needed so that UE can measure and report PTM specific channel related information. 

Based on the discussion in the previous sections we propose the following:
1. The use of HARQ re-transmission may be beneficial also for PTM and HARQ feedback is needed to support this.
1. Each UE receiving PTM transmission has its own UL resource to send corresponding HARQ feedback.
1. UEs in a PTM group can be configured with one or more CSI-RS for PTM and with corresponding CSI reporting.
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