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1. Introduction
During TSG RAN #86, 3GPP approved a Release-17 Work Item (WI) to introduce support for Multicast and Broadcast Services in NR (NR MBS) [1]. The agreements in previous RAN1 meetings for this WI is provided in [2].
In R1-2203044, RAN2 requests input from RAN1 on HARQ process for MCCH and Broadcast MTCH(s). The email discussion in [109-e-Prep-AI5] (Incoming LS handling for RAN1#109-e) concludes that a response from RAN1 is needed and that this discussion is to be handled as part of the Rel-17 MBS maintenance in this RAN1#109-e meeting. 
As announced by the Chair, the details of the email discussion are as follows:
[109-e-R17-MBS-01] Email discussion on LS in R1-2203044 until May 12 – David (BBC)

This document provides, in section 2, a summary of the tdocs submitted to this meeting addressing the RAN2 LS, an assessment based on the inputs and a list of proposals for discussion to form a response to RAN2. Sections 3 and 4 provide a summary of the agreements reached at this meeting and relevant references, respectively.

2. Discussion on RAN2 LS on HARQ process for MCCH and Broadcast MTCH(s)
2.1. Background
The RAN2 LS in R1-2203044 (cf. annex A) on HARQ process for MCCH and Broadcast MTCH(s) informs RAN1 about the following agreement with an assumption:
	There are no dedicated HARQ process IDs for MCCH and Broadcast MTCH (assumption: single HARQ process for MCCH and single HARQ process for MTCH, not clear whether they can share the same, details would be RAN1 scope)



Based on this agreement RAN2 kindly asks RAN1 to confirm the RAN2 assumption on single HARQ process for MCCH and single HARQ process for Broadcast MTCH(s).
The following agreements for RRC_IDLE/RRC_INACTIVE UEs at RAN1#107bis-e are relevant for this discussion:
	Agreement
For RRC_IDLE/INACTIVE UEs, a UE is not required to support reception of FDMed MCCH PDSCH and MTCH PDSCH in PCell.

Agreement
For RRC_IDLE/INACTIVE UEs, a UE is not required to support reception of FDMed multiple MTCH PDSCHs in PCell.

Conclusion
Additional HARQ process(es) is(are) not introduced for Rel-17 MBS broadcast reception on serving cell.
· Note: The UE is not expected to support hardware for more HARQ processes for receiving broadcast in Rel-17 in addition to the maximum number of HARQ processes supported for receiving unicast in Rel-16, i.e. the HARQ process resources are shared between broadcast, unicast and multicast

Agreement
HARQ process ID is not indicated in DCI format 4_0 for both MCCH and MTCH.




2.2. Tdoc analysis
· In [R1-2203195, ZTE]
· Proposal 5: Reply RAN2 LS R1-2203044/R2-2204017 with the following response [R1-2203245].
· RAN1 confirms the RAN2 assumption on single HARQ process for MCCH and single HARQ process for Broadcast MTCH(s). 
· Further, a same HARQ process can be shared for reception of MCCH and Broadcast MTCH(s) from RAN1 perspective. It is similar as reception of SIB1 and OSI, in which a dedicated HARQ process is shared among them by assuming that there is no requirement for receiving them simultaneously. 
· [draft reply can be found in R1-2203245.]
· In [R1-2203299, Spreadtrum]
· Discuss: In light of the highlighted part of the conclusion, it clearly can been seen that there are no dedicated HARQ process for MCCH and MTCH. From the perspective of physical layer, both MCCH and MTCH are also PDSCHs. Thus, it is natural that one single HARQ process for MCCH is needed, and one single HARQ process for MTCH is needed. In latest TS38.212 h10[3], it can be seen that there is no HARQ process field in DCI format 4_0, which is for the scheduling of MCCH and MTCH. Thus, in our understanding, the HARQ process for MCCH and/or MTCH is up to UE’s implementation, and there is no spec impact, i.e., the HARQ process of MCCH can be the same as or different from HARQ process of MTCH.
· Observation 1: Single HARQ process for MCCH and single HARQ process for MTCH can be same or different, and it is up to UE’s implementation.
· Proposal 1: From the perspective of RAN1, RAN2 assumption can be confirmed.
· In [R1-2203527, vivo]
· Discuss: Regarding to HARQ process for MCCH and Broadcast MTCH(s), it has agreed that HARQ process ID is not indicated in DCI format 4_0 for both MCCH and MTCH. There is also a conclusion that additional HARQ process(es) is(are) not introduced for Rel-17 MBS broadcast reception on serving cell. Additionally, RAN 1 has also agreed that a UE is not required to support reception of FDMed MCCH PDSCH and MTCH PDSCH in PCell as well as a UE is not required to support reception of FDMed multiple MTCH PDSCHs in PCell for RRC_IDLE/INACTIVE UEs. Thus, single HARQ process is enough for MCCH or broadcast MTCH(s) and it is up to UE implementation to perform HARQ combination for the MCCH or broadcast MTCH. Furthermore, it is up to UE implementation on whether MCCH and broadcast MTCH(s) share the same HARQ process or not.
· Proposal 2: Single HARQ process is used for MCCH.
· Proposal 3:Single HARQ process is used for broadcast MTCH.
· [draft reply can be found in R1-2203492]
· In [R1-2203766, Xiaomi]
· Discuss: determination of HARQ process resource(s) for broadcast is/are up to UE implementation. From RAN1 perspective, single HARQ process for MCCH and single HARQ process for broadcast MTCH(s) can share the same.
· In [R1-2203976, OPPO]
· Discuss: There is no dedicated HARQ process ID that is allocated/indicated for MBS broadcast. Which HPID is used for MCCH/MTCH is up to UE implementation, because the HPID resources are shared between broadcast, unicast and multicast. Furthermore, from RAN1’s perspective, MCCH and MTCH are both mapped in PDSCH, which is not differentiated by physical layer. There is no necessary to use different HPID for MCCH and MTCH(s), respectively. According to the agreement copied above, the reason why DCI 4_0 does not include or indicate HPID for MCCH/MTCH is that it is difficult to align and simultaneously use a HPID which is forced all UEs to use this HPID, no matter it is occupied by unicast or not.
· Proposal 1: There is no dedicated HARQ process ID for MCCH and Broadcast MTCH(s).
· Proposal 2: A single HARQ process can be used for MCCH and Broadcast MTCH(s), for which MCCH and MTCH(s) are sharing this single HARQ process.
· [draft reply can be found in R1-2203977]
· In [R1-2204270, CMCC]
· Discuss: According to RAN1’s conclusion, that additional HARQ process(es) is(are) not introduced for Rel-17 MBS broadcast reception on serving cell without the impact on UE’s hardware which is aligned with RAN2’s agreement that no dedicated HARQ process IDs for MCCH and Broadcast MTCH. In addition, RAN1 also agreed that no HARQ process ID is to be indicated in the DCI format for both MCCH and MTCH.
But whether different HARQ processes can be allocated to MCCH and MTCH doesn’t have a clear agreement. There are several ways to realize it, for example, it is up to UE’s implementation to buffer different data in different HARQ processes according to the RNTI. For RRC_IDLE/INACTIVE UEs, this method is feasible since they don’t have unicast or multicast service. However, for RRC_CONNECTED UEs, if each broadcast service (G-RNTI) occupy one HARQ process, it will impact on the unicast and multicast scheduling since gNB doesn’t know which HARQ process(es) is(are) used by broadcast. 
From this point of view, it is beneficial to restrict that only single HARQ process for MCCH and single HARQ process for MTCH. Regarding whether MCCH and MTCH can share the same HARQ process, it can be up to UE’s implementation depending on the number of unused HARQ processes.
· Proposal 1. Reply the LS to RAN2 with the RAN1’s confirmation that on single HARQ process for MCCH and single HARQ process for Broadcast MTCH(s). From RAN1’s perspective, it’s up to UE’s implementation whether to share the same HARQ process for MCCH and Broadcast MTCH(s) or not.
· In [R1-2204927, Huawei]
· Discuss: Hence, UE shall upon detection of a PDCCH with a configured DCI format 1_0, 1_1, 4_0, 4_1, 4_2 or 1_2 decode the corresponding PDSCHs as indicated by that DCI by using the HARQ process UE supports per cell.
In addition, support of higher layer configured slot-level repetition up to 8 for MTCH is one of components of FG33-1 for broadcast [2]. However, from the description from TS 38.214 [3].
As agreed HARQ-ACK feedback for HARQ process scheduling MBS broadcast is not supported (equivalent to HARQ feedback is disabled) and with the above description from TS38.214 in bold, it is understood that the interleaved repetitions for MTCHx and for MTCHy with the same HARQ process ID as illustrated in Fig. 1 is NOT supported.
Therefore, from RAN1 perspective, a single HARQ process can be used for broadcast MTCH(s). In addition, MCCH and MTCH(s) can share the same HARQ process ID. 
· Proposal: Confirm RAN2’s assumption that a single HARQ process can be used for broadcast MTCH(s). In addition, MCCH and MTCH(s) can share the same HARQ process ID.
· In [R1-2203875, Samsung]
· Discuss: There is no dedicated HARQ process associated with MCCH/MTCH(s) as it is also evident from the fact that DCI format 4_0 does not include a HPN field. It is also up to the gNB whether to use single HARQ process or separate HARQ processes for MCCH and MTCH (e.g. depending on the scheduling and on whether there are ‘blind’ retransmissions) but from a UE perspective it is OK to assume single HARQ process for MCCH and single HARQ process for MTCH(s).
· Proposal 7: Confirm the RAN2 understanding in [2].
· In [R1-2204716, MediaTek]
· Discuss: Regarding UE how to allocate the HARQ buffer for receiving the MCCH and MTCH, from our perspective, it is up to UE implementation, and it does not need to make any restriction from the UE side, e.g., whether the same or different HARQ process for MCCH and MTCH.
· Proposal 1: It is up to UE implementation on how to receive the MCCH and MTCH from HARQ buffer perspective, and the corresponding description in current Spec of TS38.321 is sufficient.


2.3. FL Assessment 
Given the RAN1 conclusion that confirms that no additional HARQ processes are introduced in Rel-17 NR MBS, it is understood that broadcast reception reuses existing hardware for HARQ processes, and these are shared between unicast, multicast and broadcast. This aspect has been highlighted by [Spreadtrum, vivo, OPPO, CMCC, Samsung, MediaTek].
Given the RAN1 agreement on not including HARQ Process ID in the DCI format 4_0 for MCCH/MTCH and the RAN2 agreement on no dedicated HARQ process IDs for MCCH/MTCH, it is understood that it is up to the receiver implementation to select unused HARQ processes for broadcast reception with the additional constrain that these need to be shared with multicast and unicast. This aspect has been highlighted by [Spreadtrum, vivo, OPPO, CMCC, Samsung, MediaTek].
On RAN2’s assumption on single HARQ process for MCCH and single HARQ process for MTCH:
· In NR MBS Rel-17 there is only a single MCCH scheduled with MCCH-RNTI, hence, it understood that a single HARQ process is sufficient.
· For MTCH, multiple contributions discuss why a single HARQ process is enough. [vivo] highlights that there is no UE requirement to support reception of multiple MTCH PDSCHs FDMed in PCell for RRC_IDLE/ INACTIVE UEs. [Huawei] further clarify that interleaved slot-level repetition of different MTCHs is not supported, hence one HARQ process is enough. [CMCC] also discusses that although a different HARQ process could be used per G-RNTI, this could have an impact when sharing these with unicast/multicast, hence, it is preferred a single HARQ process for MTCH.
· All inputs [ZTE, Spreadtrum, vivo, Xiaomi, OPPO, CMCC, Huawei, Samsung] support confirming RAN2’s assumption on single HARQ process for MCCH and single HARQ process for MTCH.
· Given the discussion above and the consensus, Proposal 2.1 below confirms RAN2’s assumption.

On whether the HARQ process for MCCH and MTCH can be the same/different:
· In NR MBS Rel-17, as highlighted by [vivo], a UE is not required to support reception of FDMed MCCH PDSCH and MTCH PDSCH in PCell for RRC_IDLE/INACTIVE UEs. Given this, it is understood that the same HARQ process could be shared between MCCH PDSCH and MTCH PDSCH. [ZTE] further discusses that it is similar to the reception of SIB1 and OSI that share a HARQ process given there is no requirement for simultaneous reception.
· Most inputs [ZTE, Spreadtrum, vivo, Xiaomi, OPPO, CMCC, Huawei, MediaTek] agree that MCCH PDSCH and MTCH PDSCH can share the same HARQ process.
· [Spreadtrum, vivo, CMCC, MediaTek] also support that MCCH PDSCH and MTCH PDSCH can use different HARQ process since this is up to UE’s implementation.
· However, no company argues that a UE should not be able to use different HARQ process for MCCH PDSCH and for MTCH PDSCH.
· Given the discussion above, Proposal 2.1 below proposes to clarify that from RAN1 perspective, it is up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH is the same or different.

2.4. 1st round FL proposals
Proposal 2.1
In the reply LS on HARQ process for MCCH and Broadcast MTCH(s) to RAN2, capture the following:
· RAN1 confirms RAN2’s assumption on a single HARQ process for MCCH and single HARQ process for MTCH.
· from RAN1 perspective, it is up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH is the same or different.



Please provide your answers in the table below. Do you agree with Proposal 2.1?
	company
	comments

	ZTE
	We are supportive of proposal 2.1 above.

	LG Electronics
	We are OK with this proposal.

	Qualcomm
	For the first subbullet, we don’t think the restriction of “single HARQ process for MTCH” is needed. It is up to UE whether to use same or different HARQ processes for different MTCH G-RNTIs, similar as same or different HARQ processes for MCCH and MTCH. 

	Huawei, HiSilicon
	My understanding of RAN2’s question is whether UE can be assumed to support a single HARQ process for MCCH and single HARQ process for MTCH and whether UE can be assumed to support MCCH and MTCH sharing the same HARQ process. Of course, if UE has sufficient resources, UE can use different HARQ processes for different G-RNTIs or for MCCH different from for MTCH. Maybe we can modify the proposal to reflect this so that it might be more agreeable? 

	MediaTek
	As discussed in our contribution (R1-2204716), we think it is up to UE implementation on how to receive the MCCH and MTCH from HARQ buffer perspective, which also has been captured in the R2 approved CR (R2-2203818) as copied following:
	The MAC entity shall:
1>	if a downlink assignment has been indicated:
2>	allocate the TB(s) received from the physical layer and the associated HARQ information to the HARQ process indicated by the associated HARQ information.
1>	if a downlink assignment has been indicated for the broadcast HARQ process:
2>	allocate the received TB to the broadcast HARQ process.
NOTE:	It is up to UE impletentation to allocate the received TB for MCCH or broadcast MTCH to one HARQ process.


So, we also think the first subbullet of the proposal 2.1 is not needed. We suggest the proposal can be modified as following:
Proposal 2.1_v1
In the reply LS on HARQ process for MCCH and Broadcast MTCH(s) to RAN2, capture the following:
· RAN1 confirms RAN2’s assumption on a single HARQ process for MCCH and single HARQ process for MTCH.
· from RAN1 perspective, it is up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH is the same or different.


	OPPO
[OPPO2]
	From our understanding, there is no dedicated HARQ process ID is indicated/allocated for MCCH and MTCH(s), which is the consensus based on RAN1’s discussion and agreements. Furthermore, only one HPID can be used for both MCCH and MTCH(s) for broadcast. It is because that the total HPIDs are shared by unicast, broadcast and multicast, and MCCH/MTCH consumes more HPIDs means that unicast/multicast may have less HPIDs can be used. Even there is no specific HPID for MCCH/MTCH, and it may depend on UE implementation to use the HPID which it is available, the selection on HPIDs by different UEs may dispersed. For an example in a group of UEs, UE1 consumes HPID#0 and #1 for MCCH and MTCH(s), and other UE2 consumes HPID#2 and #3, …, and all the 16 HPIDs are occupied by different UEs from the perspective of system. For this case, gNB cannot select a common HPID for multicast for the group of UEs (even gNB does not know which HPID is used for MCCH/MTCH by each UE), because the possibility of HPID collision is much higher.
The most efficient method is to indicate a specific HPID for MCCH/MTCH(s), which is well known by network and UEs (e.g. HPID#15), and there will be no more HPID collision among unicast/multicast and broadcast. But it seems like that this is not RAN1’s agreement/consensus. It would be better to degrade the possibility of HPID collision, and the possible solution is to use a single HPID for MCCH and MTCH(s) in total, i.e. single HPID and the same HPID for MCCH and MTCH(s).
We would like to suggest the following LS response to RAN2:
RAN1’s response:
There is no dedicated HARQ process ID for MCCH and Broadcast MTCH. A single HARQ process is used for MCCH and MTCH. MCCH and MTCH share the single HARQ process.

[OPPO2]
Regardless the HPID issue mentioned above, we noticed that the question in the LS from RAN2 is more related to HARQ process and buffer. No matter which one HARQ process ID is used for MCCH/MTCH, one series of buffer should be utilized for the HARQ process, which is up to UE implementation on the selection and connection between the buffer and HARQ process. The key issue here is now many buffer can be left/available for unicast/multicast after selection of MCCH/MTCH(s) for broadcast. If 2 HARQ processes as well as 2 series buffers are correspondingly used by a UE, then there are only 14 left that can be used for unicast/multicast. What is the motivation and benefit to consume 2 separate HARQ processes and buffers for MCCH and MTCH(s)? While we think a single one should be enough in total.
Furthermore, either 1 or 2 HARQ process(s) is applied, it should be aligned between the UEs and network. If it is totally depending on UE implementation, gNB may not know how many buffer left/can be used for unicast/multicast, since gNB dose not know UE treats MCCH/MTCH(s) as 1 or 2 HARQ process(s).

	Lenovo
	We think it is pure UE implementation to use same or different, one or different HARQ processes for receiving MCCH and MTCH. We may not put any restrictions on single HARQ process for MTCH or MCCH. Some suggestions from our side for reference:
Proposal 2.1_v1
In the reply LS on HARQ process for MCCH and Broadcast MTCH(s) to RAN2, capture the following:
· RAN1 confirms RAN2’s assumption on a single HARQ process for MCCH and single HARQ process for MTCH is feasible.
· from RAN1 perspective, it is up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH is the same or different.



	CMCC
	We support this proposal

	Xiaomi
	We have the same feeling as Huawei/HiSilicon.
For RRC CONNECTED UE, MCCH PDSCH(information update), MTCH PDSCH, multicast PDSCH and unicast PDSCH may exist simultaneously. Considering there are no HPN in DCI format 4_0, UE has to buffer data in a HARQ process up to implementation. If more than one HARQ process can be used for MCCH PDSCH and MTCH PDSCH, there may be ambiguity on the HARQ process allocation. Some examples are listed as below:
1. UE can only consumes 1 HARQ process for MCCH and MTCH, there is no problem as gNB knows up to 1 HARQ process for broadcast and it can use the other 15 HARQ process for unicast and multicast.
2. It is up to UE implementation consumes single or multiple HARQ processes for MCCH and MTCH. In this case, gNB has no idea how many HARQ processes can be used for unicast and multicast. If UE consumes two HARQ processes for MCCH and MTCH:
a) gNB allocates a HARQ process to unicast and multicast, while this HARQ process is already occupied by MCCH or MTCH, how should UE handle this case?
On the other hand, this issue may only occur when traffic is heavy and all the HARQ processes are occupied at UE side, as how many HARQ processes are available is up to UE implementation(saying 16 – N, and N is the number of HARQ processes occupied by broadcast).
We would like to hear more views on this issue.

	TD Tech, Chengdu TD Tech
	Ok

	CATT
	We general OK with the proposal. 
But one issue about HARQ process for MCCH and MTCH require further clarification. Considering that there are no dedicated HARQ IDs for MCCH and MTCH, it up to the UE’s implementation to select which HARQ process can be used to receive MCCH or MTCH. This means that the gNB doesn’t know which HARQ process the UE uses to receive the MCCH or MTCH. For a UE, if a HARQ process is indicated to schedule unicast or multicast transmission, but the HARQ process has been used to receive the MTCH configured with pdsch-AggregationFactor, can the UE continue to receive the MTCH or drop the MTCH to receive unicast/multicast?


	Spreadtrum
	Support.

@Xiaomi, 
In light of the agreements and current specification, we think it is up to UE’s implementation to allocate same or two different HARQ process number for MCCH and MTCHs. For UE processing, HARQ process number is just one tag. For example, in UE’s implementation, UE can mark the HARQ process for broadcast as ‘broadcast’, not ‘0, or 1, …, or 15’. There would not exist ambiguity even if gNB scheduling unicast later.

	Apple
	We are ok with this proposal. The proposal is aligned with RAN1 agreements.

	Samsung
	Fine with the proposal. 
From the UE implementation perspective, HARQ process is mainly about how to partition the soft buffer for LLRs and do the decoding – the HPN does not matter for that, it is only a tag for the TB. Other aspects, like the maximum TBS, are also relevant and will not be a challenge for MCCH/MTCH. Also, there is no indication of HPN for broadcast in the DCI format.  

	Ericsson
	OK with the proposal. 

	NTT DOCOMO
	We are fine with the proposal.

	vivo
	OK with Proposal 2.1


	Nokia, NSB
	In general, ok with the proposal 2.1 but would like to check if there is a common understanding/need for a clarification note, regarding the following question (raised by Xiaomi, CATT?):

How many processes should the gNB assume are consumed by devices receiving MTCH/MCCH?

Given the current wording of this proposal and discussions, is it a common understanding that the gNB should be configured to assume a worse case 2 processes are reserved for MTCH/MCCH by certain UE implementations?

	
Moderator
	
Thank you for all your inputs.
· Support [ZTE, LGE, CMCC, TD Tech, CATT, Spreadtrum, Apple, Samsung, Ericsson, NTT DOCOMO, vivo, Nokia] (12)
· Concerns/questions: [Qualcomm, MediaTek, OPPO, Xiaomi, CATT, Nokia] (6)

Proposal 2.1 has wide support but there are companies that have concerns with its current formulation or have questions for clarification. Regarding the concerns, Qualcomm and MediaTek do not agree on adding a restriction on single HARQ process for MTCH, since this is up to the UE’s implementation.
First, my understanding is that for RRC idle/inactive UEs there is no unicast/multicast so the use of different HARQ processes for MCCH and MTCH and between different MTCH G-RNTIs would not have an impact to the HARQ process for unicast and multicast.
For RRC connected UEs, OPPO, Xiaomi, CATT and Nokia have concerns/questions:
· a potential issue presented is that if a UE is using multiple HARQ processes for broadcast, the gNB does not know which HARQ processes the UE has used and therefore when setting up a HARQ process ID to transmit (e.g.) multicast there could be a collision if a UE has used a HARQ process with the same ID. However, as pointed out by Spreadtrum and Samsung, the HARQ process IDs at the UEs is just a tag, e.g., the HARQ process for broadcast could just be called ‘broadcast’ and the ID numbers [0, 1,…15] could be used for the standard HARQ process ID assignment for multicast and unicast.
· another potential issue presented is when a UE is using multiple HARQ processes for broadcast (either when different HARQ process are used for different MTCH G-RNTIs or when different HARQ process are used for MCCH and MTCH). In this case, the gNB would not know how many HARQ processes have been used for broadcast and therefore would not know how many are left for multicast/unicast. However, a UE could use for broadcast either a single HARQ process or use multiple HARQ processes, and how to effectively use the HARQ process resources is up to UE implementation. 
· Other comment is that my understanding is that for MCCH, we can assume a single HARQ process since there is only MCCH-RNTI.

Based on this discussion Proposal 2.1rev1 is as follows:
In the reply LS on HARQ process for MCCH and Broadcast MTCH(s) to RAN2, capture the following:
· From RAN1 perspective:
· a single HARQ process for MCCH can be assumed
· it is up to the UE’s implementation whether a single HARQ process is used for all MTCH G-RNTIs or different HARQ processes are used for different MTCH G-RNTIs.
· it is up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH is the same or different.

@Qualcomm: thanks for comment, the new version tries to address your concern.
@Huawei, thanks for the suggestion. With the new Proposal 2.1rev1 has been modified to include the concerns in the discussion, let’s see if this is agreeable.
@MediaTek: please note new Proposal 2.1rev1 which tries to address your comment. In the RAN2 LS they explicitly ask RAN1 to comment on their assumption [single HARQ process for MCCH and single HARQ process for MTCH], that’s why I think it is adequate to include the first two bullets. [I have also added your contribution to sections 2.2 and 2.3 of this document. Apologies for having missed this, I think your tdoc was misplaced in the chair’s notes and that’s why I did not see it – thanks.]
@OPPO, Xiaomi: thanks for detailed comments. Please check my discussion above and note that Proposal 2.1rev1 also includes the support of single and shared HARQ process for MCCH and MTCH.
@Lenovo, thanks for suggestion to improve proposal. New Proposal 2.1rev1 tries to include comments and concerns based on the discussion.
@CATT: thanks for the question, please check my discussion above and comments from Spreadtrum and Samsung.
@Nokia: thanks for comment. Please note that with current formulation, since this would be up to implementation a UE could use more than 2 HARQ process for broadcast if the UE decides to use different HARQ processes for different G-RNTI MTCHs. 




2.5. 2nd round FL proposals
Proposal 2.1rev1
In the reply LS on HARQ process for MCCH and Broadcast MTCH(s) to RAN2, capture the following:
· From RAN1 perspective:
· RAN1 confirms RAN2’s assumption on a single HARQ process for MCCH and single HARQ process for MTCH.
· a single HARQ process for MCCH can be assumed
· it is up to the UE’s implementation whether a single HARQ process is used for all MTCH G-RNTIs or different HARQ processes are used for different MTCH G-RNTIs.
· from RAN1 perspective, it is up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH is the same or different.

Please provide your answers in the table below. Do you agree with Proposal 2.1rev1?
	company
	comments

	Qualcomm
	We are fine with Proposal 2.1rev1.

	Lenovo
	Support the updated proposal.

	OPPO
	Thanks FL for the analysis and answers in detail.
Let’s focus on UEs in RRC_CONNECTED status with reception of unicast, multicast and broadcast.
1) What is the benefit and motivation to occupy different HARQ processes for MCCH and MTCH(s), respectively? From our understanding, a single HARQ process in total for both MCCH and MTCH(s) can also work normally. Why multiple HARQ processes should be occupied for MBS broadcast reception?
2) Although it can be up to UE implementation on how many HARQ process(s) can be used for MCCH/MTCH(s), gNB may have no idea how many HARQ processes/buffer available can be used for unicast/multicast. E.g. a UE occupies 2 HARQ processes for MCCH and MTCH, and gNB schedules 15 or even 16 HARQ processes for this UE because gNB does not know how many HARQ processes are available. This example may lead to two possible results: 1) there may not be enough HARQ processes/buffer for the scheduled unicast/multicast, which may cause reception failure; 2) unicast/multicast is received with higher priority than that of broadcast, and the on-going MCCH/MTCH processes may be interrupted with the place taken by unicast/multicast. Should gNB and UEs align the information on the number of HARQ processes occupied by MCCH/MTCH? If the answer is NO (totally up to UE implementation), whether the issue mentioned here valid or should be resolved?
We would like to hear more clarifications on the above aspects. Many thanks.

	MediaTek
	We don’t support to add MTCH G-RNTIs in the LS reply since whether to support multiple G-RNTIs for MTCH has not been agreed and is being discussed in the UE feature session.
Regarding how to use the HARQ buffer to receive the broadcast PDSCH, we think it is up to UE’s implementation, and it has been agreed by TS 38.306 as copied following:
	The MAC entity shall:
1>	if a downlink assignment has been indicated:
2>	allocate the TB(s) received from the physical layer and the associated HARQ information to the HARQ process indicated by the associated HARQ information.
1>	if a downlink assignment has been indicated for the broadcast HARQ process:
2>	allocate the received TB to the broadcast HARQ process.
NOTE:	It is up to UE impletentation to allocate the received TB for MCCH or broadcast MTCH to one HARQ process.


From NW side, it can assume only one HARQ process is used for broadcast PDSCH reception as we agreed that no HARQ process ID is used for broadcast, and which HARQ buffer will be used from the UE side is totally up to UE’s implementation based on the current UE’s HARQ buffer status. So, we suggest the proposal can be modified as following, which also aligns with the RAN2’s Spec as mentioned above:
Proposal 2.1rev1
In the reply LS on HARQ process for MCCH and Broadcast MTCH(s) to RAN2, capture the following:
· From RAN1 perspective:
· RAN1 confirms RAN2’s assumption on a single HARQ process for MCCH and single HARQ process for MTCH.
· a single HARQ process for MCCH can be assumed
· it is up to the UE’s implementation whether a single HARQ process is used for all MTCH G-RNTIs or different HARQ processes are used for different MTCH G-RNTIs.
· from RAN1 perspective, it is up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH is the same or different.


 

	Xiaomi
	Thanks for the discussion. We have similar confusion as OPPO.
Our confusion does not come from HPN. We understand that HPN is a tag and buffer is what really matters. Actually this is exactly what we have confusion for the current formulation. The relationship between HPN and HARQ process does not matter as it is totally UE implementation. For this part we think we are on the same page. But a HPN should point to a HARQ process. Our confusion is how to handle the collision between MCCH/MTCH HARQ process and unicast/multicast process. Do we need to handle the collision case shown in the following figure or just leave it to UE implementation? If it boils down to UE implementation, which channel should have higher priority?


Even go with the version from MTK, the above conflicts exists as well. 

	LG Electronics
	We can live with this revision, if a majority of companies are fine with it.
gNB can know how many broadcast G-RNTIs a UE in RRC_CONNECTED is interested to receive based on MBSInterestIndication reported by the UE. Thus, based on the indication, gNB could conservatively schedule unicast, multicast and broadcast for the UE, noting that this may be inefficient in some cases. 

	Huawei, HiSilicon
	I still hold the same comment as in the last round. I doubt the current formulating LS response answered RAN2’s question. 
It is true that it is essential up to UE implementation to use the same or different HARQ process for MCCH or MTCH or use the same or different process for MCCH and MTCH. 
Basically, from what I heard from RAN2, when RAN2 is describing the HARQ process in TS38321, they wondered the least number of HARQ process needed for broadcast MCCH/MTCH because the total number is shared. Only when the least number for broadcast, NW can know how many HARQ process can be used for unicast/multicast for which there is HPID but there is no ID for broadcast. 
Considering others’ comments, this is what we suggest for the LS reply:
· Confirm RAN2’s assumption that a single HARQ process can be used for broadcast MTCH(s). In addition, MCCH and MTCH(s) can share the same HARQ process ID.
· The minimum HARQ process for MCCH/MTCH is one.
· from RAN1 perspective, It is up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH is the same or different.


	
Moderator
	
Thanks for the continued discussion.
In this round of discussion, from the companies that had concerns/comments, Qualcomm now supported Proposal 2.1rev1. However, there are still comments/concerns from: OPPO, MediaTek, Xiaomi, Huawei.
Based on the comments and building from Huawei’s wording new proposal 2.1rev2 is as follows (discussion and justification below):
In the reply LS on HARQ process for MCCH and Broadcast MTCH(s) to RAN2, capture the following:
· From RAN1 perspective:
· from network perspective, the following can be assumed:
· a single HARQ process for MCCH and single HARQ process for MTCH(s).
· MCCH and MTCH(s) can share the same HARQ process. 
· from UE perspective, it is up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH is the same or different.

Based on the analysis by submitted tdocs (cf. section 2.3 FL assessment) we know that it should be possible to use a single and shared HARQ process for MCCH and MTCH(s). I also think that there is consensus on that how HARQ process for broadcast are managed is up to UE implementation. I think the source of concern/confusion is what the network can assume in terms of number of HARQ processes for broadcast. Based on the comment from Huawei/MediaTek, what the network needs to know is what is the minimum number of HARQ process that can be used to schedule MCCH and MTCH(s), which based on RAN1 analysis the answer is 1. Some more comments per company.
@OPPO/Xiaomi: on your point 1), I think from network perspective the new proposal reflets that a single HARQ process is sufficient, while at UE side it is up to its implementation on how to manage the resources efficiently. 
On your point 2), as I see it is, with no information at the gNB about which broadcast services the UEs are interested to receive, the gNB can assume a single HARQ process for broadcast, which would leave the rest (e.g., 15 out of total of 16) for multicast and unicast. At the UE side, how to manage the HARQ resources is up to its implementation. If there are sufficient resources the UE may decide to use let’s say 3 HARQ processes for multicast/unicast and 2 HARQ process for broadcast. In the case that there is overbooking from network side on HARQ process for broadcast/multicast/unicast, the UE should be able to prioritise based on QoS of the service. But in any case, the UE always has the option to use a single HARQ process for broadcast.
@MediaTek: I have removed the bullet on MTCH R-NTIs. I think proposal 2.1rev2 includes your comments. It also adds the assumptions from network side that I think help address other companies comments.
@Xiaomi: please check the response to OPPO and let me know if it clarifies.
@LGE, thanks for comment, let’s see if current version of proposal addresses more companies comments.
@Huawei: thanks for proposal. New proposal 2.1rev2 builds from your wording. I have added the assumptions from network and UE side to address companies questions/concerns.



2.6. 3rd round FL proposals
Proposal 2.1rev2
In the reply LS on HARQ process for MCCH and Broadcast MTCH(s) to RAN2, capture the following:
· From RAN1 perspective:
· from network perspective, the following can be assumed:
· a single HARQ process for MCCH and single HARQ process for MTCH(s).
· MCCH and MTCH(s) can share the same HARQ process. 
· from UE perspective, it is up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH is the same or different.

Please provide your answers in the table below. Do you agree with Proposal 2.1rev2?
	company
	comments

	Nokia, NSB
	We suggest some rewording of the proposal to clarify what happens if more than one MTCH is supported.

Per the second sub-sub-bullet alone, 1 MCCH + “N” MTCHs, could share the same “single” HARQ process, irrespective of the number of  “N”.

The following rewording of the sub-bullets may be more accurate?

A single HARQ process for MCCH and a single HARQ process per each MTCH
A single HARQ process can be shared between the MCCH and one MTCH

From a network perspective, we would prefer for HARQ resource planning purposes, to go a step further and mandate (rather than the optional “can”) that the MCCH and MTCH share a single HARQ process, when only 1 MTCH is supported, otherwise we may need to apply unnecessarily conservative HARQ process estimation.

	Qualcomm
	We are confused by the first bullet of “From network perspective”. Since gNB does not know which G-RNTI will be received by IDLE/INACTIVE UEs, it is meaningless to say “single HARA process for MTCH(s)”. For example, UE1 may use HARQ process 1 to receive G-RNTI1 but UE2 may HARQ process 2 to receive G-RNTI2. For MCCH and a MTCH, it’s also not reasonable to mandate sharing a single HARQ process. 
As Huawei said,
“It is true that it is essential up to UE implementation to use the same or different HARQ process for MCCH or MTCH or use the same or different process for MCCH and MTCH. ”
If this is common understanding from RAN1, we can capture it to relay LS. We suggest to revise the proposal as:
Proposal 2.1rev2
In the reply LS on HARQ process for MCCH and Broadcast MTCH(s) to RAN2, capture the following:
· From RAN1 perspective:
· from network perspective, the following can be assumed:
· a single HARQ process for MCCH and single HARQ process for MTCH(s).
· MCCH and MTCH(s) can share the same HARQ process. 
· from UE perspective, it is up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH(s) is the same or different.

	
Moderator
	
Thanks Qualcomm for the comment.

I am not sure that with your modified Proposal 2.1rev2 we are replying to the question (below) from RAN2 where they ask RAN1 to confirm the assumption.
	(agreement) There are no dedicated HARQ process IDs for MCCH and Broadcast MTCH (assumption: single HARQ process for MCCH and single HARQ process for MTCH, not clear whether they can share the same, details would be RAN1 scope)
(question) RAN2 kindly asks RAN1 to confirm the RAN2 assumption on single HARQ process for MCCH and single HARQ process for Broadcast MTCH(s).



Also, based on the discussion there were questions/concerns raised by companies on what the network could assume if we only agree with (it is up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH(s) is the same or different.). The current wording is trying to accommodate the two views.

The intention with proposal 2.1rev1 and the sub-bullets talking about “from network perspective” is to inform RAN2 that it would be possible to use a single and shared HARQ process for MCCH and MTCH(s) but it is not intention to mandate it (that’s why we used the term “can use”).
Would some rewording like this would be better?
	Proposal 2.1rev2a
In the reply LS on HARQ process for MCCH and Broadcast MTCH(s) to RAN2, capture the following:
· From RAN1 perspective: 
· from network perspective, the following can be assumed: 
· is possible to use a single HARQ process for MCCH and single HARQ process for MTCH(s).
· MCCH and MTCH(s) can share the same HARQ process. 
· from UE perspective, it is up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH is the same or different.




@Nokia: thanks for your input, the current wording of proposal 2.1rev1 (and the wording above) uses the RAN2 wording in their question [RAN2 kindly asks RAN1 to confirm the RAN2 assumption on single HARQ process for MCCH and single HARQ process for Broadcast MTCH(s)] and also covers the case that there are 1 MCCH and multiple MTCHs. 


	
Qualcomm
	
Thanks for the reply.
Normally, we don’t discuss network behavior but focus on the potential spec impact of UE behavior.
At least for us, we don’t see RAN2 is specially asking RAN1 view from network perspective. But if we are the only company, we won’t delay the progress and can live with Proposal 2.1rev2a.


	
Moderator
	
Thanks to Qualcomm for the compromise, for the GTW on the 13 May it is proposed to discuss Proposal 2.1rev2a as below. If companies have concerns with agreeing to Proposal 2.1rev2a, do please share asap.

Proposal 2.1rev2a
In the reply LS on HARQ process for MCCH and Broadcast MTCH(s) to RAN2, capture the following:
· From RAN1 perspective: 
· from network perspective, the following can be assumed: 
· is possible to use a single HARQ process for MCCH and single HARQ process for MTCH(s).
· MCCH and MTCH(s) can share the same HARQ process. 
· from UE perspective, it is up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH is the same or different.


	OPPO
	Thanks FL and Nokia/Qualcomm for the further clarifications.
I agree with Qualcomm that we do not specify the action from Network side, but the collision issue may happen when gNB and UEs are misaligned on how many HARQ process(es) available for each UE to receive unicast and multicast. The current wording updated by FL is still confusing that the ambiguity between network and UEs are still there, because gNB still does not know how many HARQ processes should it assume on each UE when scheduling unicast/multicast.
During the discussion and previous meetings on the related issues, the basic assumption is that a single HARQ process is shared for both MCCH and MTCH, because from the perspective of physical layer, MCCH/MTCH are mapped in PDSCH. We would like to suggest the consistent assumption between network and UEs as a baseline, i.e. network and UEs are assuming that MCCH and MTCH(s) share the same HARQ process. 

	MediaTek
	Regarding the concern from other companies about the HARQ process for NW side, we think NW can assume only one HARQ process is used for broadcast MCCH/MCTH PDSCHs as agreed that no HARQ process is used for broadcast reception, and it is not needed to be captured in the proposal since it is also up to NW scheduling implementation, but we can live with it if majority views are fine with it. As we commented in previous round, how to receive the broadcast MCCH and MTCH PDSCHs is up to UE’s implementation based on the current UE’s HARQ buffer status. All in all, we can live with the Proposal 2.1rev2a for meeting progress even if our first preference is to only capture the 2nd sub-bullet from UE perspective.

	Huawei/
HiSilicon (via email)
	Wouldn’t the following proposal be better? 

Proposal 2.1rev2a
In the reply LS on HARQ process for MCCH and Broadcast MTCH(s) to RAN2, capture the following:
· From RAN1 perspective: 
· from network perspective, UE can be assumed 
· to be able to receive MCCH by a single HARQ process and to receive MTCHs by a single HARQ process, and
· to be able to receive MCCH and MTCH(s) by the same HARQ process. 
· from UE perspective, however, it is up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH is the same or different.

The point is NW needs to be aware what’s the minimum number of HARQ process for UE receiving broadcast, so that NW can derive how many HARQ processes can be used for unicast/multicast, given there is no HPID indication for broadcast. 


	
Moderator
	
During the GTW session on 13 May the following two alternatives were discussed

Proposal (Alt 2)
In the reply LS on HARQ process for MCCH and Broadcast MTCH(s) to RAN2, capture the following:
· From RAN1 perspective: 
· from UE perspective, it is up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH is the same or different.

Proposal (Alt 3)
In the reply LS on HARQ process for MCCH and Broadcast MTCH(s) to RAN2, capture the following:
· From RAN1 perspective: 
· A UE is expected to be able to receive MCCH and MTCH(s) using in total a single HARQ process when the UE is receiving unicast/multicast using 15 HARQ processes
· from UE perspective, it is up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH is the same or different.


Alt-2 was not agreeable due to it is not clear for some companies on what is the number of HARQ processes the network can assume for broadcast reception.

Alt-3 was not agreeable due to concerns the restrictions being imposed on receivers for the sub-bullet (A UE is expected to be able to receive MCCH and MTCH(s) when the UE is receiving unicast/multicast using 15 HARQ processes).

Below FL captures some of the follow up email discussion after the GTW session.


	Ericsson (via email)
	Since the discussion is continuing on the LS, we would like to suggest the following text as a solution that we think may be acceptable for everyone:

When the UE is scheduled with up to 15 HARQ processes for unicast/multicast
· The UE is expected to be able to receive broadcast MCCH and MTCH

When the UE is scheduled with 16 HARQ processes for unicast/multicast
· It is up to UE implementation whether to receive both unicast/multicast and broadcast MCCH/MTCH or how to prioritize between these.

It is up to UE implementation how to allocate HW resources for reception of unicast/multicast/broadcast


	Lenovo (via email)
	Thanks for continuing the discussion.
From our side, we may not need to add the detailed conditions or restrictions on the number of used or remaining HARQ processes of UE to determine whether UE can receive both unicast/multicast and broadcast. 

As you proposed, it seems good enough to use “It is up to UE implementation whether to receive both unicast/multicast and broadcast MCCH/MTCH or how to prioritize between these.


	LGE (via email)
	
Regarding 16 processes, I wonder if we should consider the case when UE receiving broadcast is scheduled with all 16 HARQ processes for unicast/multicast. If UE indicates interest to receive broadcast, gNB could schedule up to 15 HARQ processes for unicast/multicast and allocate at least one HARQ process for broadcast reception, for simplicity.

Accordingly, the alternative proposal for way out can be:

· The UE in RRC_CONNECTED expects that at least one HARQ process among 16 HARQ processes can be used to receive broadcast MCCH and/or MTCH.
· It is up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH is the same or different.

I wonder if we can completely avoid overbooking without introduction of broadcast-dedicated HARQ process. 

· gNB may hardly assume when UE will actually receive periodic MCCH information and when UE will actually receive broadcast MTCH among multiple MOs associated to multiple SSBs. Thus, as long as HARQ processes are shared by unicast, multicast and broadcast, gNB scheduler could not completely ensure that there is no overbooking issue. 
· NACK to ACK error for unicast or multicast can lead to overbooking issue for broadcast, as long as HARQ processes are shared by unicast, multicast and broadcast
· Broadcast reception on non-serving cell can lead to overbooking issue for broadcast, HARQ processes are shared by unicast, multicast and broadcast. gNB scheduler cannot know how other gNB will schedule broadcast which UE is interested to receive.

Nevertheless, it seems beneficial to alleviate overbooking problem by ensuring that at least one HARQ process is allocated for broadcast, in case UE indicates interest in broadcast reception. Then, it can be up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH is the same or different.



	OPPO (via email)
	Regarding of keeping the scheduling assumption from perspective of network side, the key point is: whether the worst case (overbooking issue) should happen.
1. Alt 3 (the wording might be refined later), the overbooking issue is avoided in advance when network schedules unicast/multicast and broadcast (MCCH/MTCH), because gNB and UEs have the same assumptions on the available number of HARQ processes for each UEs, and collision will not happen.
1. Alt 2, it is up to UE implementation on same or different HARQ process(s), single or multiple processes for MCCH/MTCH, the overbooking will happen, but it is left to UE implementation to resolve it.

If companies can reach the consensus that overbooking issue cannot happen, we can directly go with the proposal which includes the assumption from network’s perspective. If companies think that this issue is allowed to be existing, and reception prioritization by interrupting either unicast/multicast or MCCH/MTCH is acceptable, only up to UE implementation is enough.
It seems like that we are not the only company who has concern on the misalignment issue. We also prefer to avoid such issue with the assumption that NW can proper avoid it.

By reaching consensus on the issue above, I think it would be easier for us to determine how the HARQ process(es) can be used/allocated by UE and known by NW.


	
Moderator (via email)
	
Thanks for the discussion and proactively putting forward proposals to reach consensus.

I would like to comment on the email from OPPO to check we can improve our common understanding.

First, I think it is a fact that a UEs could use a single HARQ process to receive MCCH and all MTCHs. This is based on previous agreements and tdocs to this meeting (cf. section 2.3 of FL summary). Please comment if you all think otherwise.
My understanding is that overbooking is solved by UE implementation, hence, more Alt. 2 in OPPO’s email below. 
Given that the network does not know how may HARQ process are going to be used for broadcast for different UEs (this is up to UE implementation)  the relevant aspect that needs to understand is what is the minimum number of HARQ processes that UE needs to receive MCCH and all MTCHs. Based on the fact above, this number in Rel-17 is one. 

Let’s put an example in which there are parallel broadcast/unicast/multicast transmissions with the same priority where there are 15 HARQ processes scheduled for unicast/multicast. If a UE was using more than 1 HARQ process for broadcast, this overbooking issue should be managed by the UE since we know that a single HARQ process can be used to receive MCCH and all MTCHs. Another example is when we have again parallel broadcast/unicast/multicast transmissions with the same priority but there are only 3 HARQ processes scheduled for unicast/multicast. The UE could use e.g., 2 HARQ processes for MCCH and MTCH, respectively if the UE wants to do this for whatever reason.


	
OPPO (via email)
	
Thanks Youngdae (LGE) for providing the cases of overbooking which are also valid.
“Assuming at least one HARQ process is allocated to broadcast” does alleviate the overbooking issue caused by MBS broadcast reception and uncast/multicast. It may also be considered as a tradeoff solution, because some UEs may not receive MCCH/MTCH with no HARQ process consumption while gNB still assumes there is one HARQ process is occupied by broadcast. The proposed alternatives by you in the previous round email reply is also a good way forward for us.


	MediaTek (via email)
	
Actually, we have agreed that no HARQ process ID for MCCH and MTCH, which is also confirmed by the RAN2 in the RAN2’s LS as copied following.
	RAN2 has discussed about dedicated HARQ process IDs for MCCH and Broadcast MTCH(s), and made the following agreement with an assumption:
There are no dedicated HARQ process IDs for MCCH and Broadcast MTCH (assumption: single HARQ process for MCCH and single HARQ process for MTCH, not clear whether they can share the same, details would be RAN1 scope)



From my understand, no HARQ process means the NW side can use the one HARQ process to transmit the broadcast MCCH and MTCH, at least from the UE’s views, we do not need to differentiate the broadcast MCCH/MTCH is coming from which HARQ process, we just think it is a broadcast PDSCH. When UE is receiving the broadcast MCCH/MTCH, whether the UE use the same HARQ buffer for broadcast MCCH/MTCH PDSCH is totally up to UE’s implementation based on the current HARQ buffer using status. 
For the LS from RAN2, they actually want to know how does the UE to receive the broadcast MCCH and MTCH with same or different HARQ, and finally to capture the corresponding content information in the RAN2’s Spec of TS 38.321. Although they have sent this LS to RAN1, they actually have answered the question at the post-RAN2#117-e meeting discussion. The rapporteur of Spec TS 38.321 has added the following note description to answer the question, which is also agreed by RAN2, and you also can check that the approved RAN2 spec 38321-h00 also have capture the following information. 
	The MAC entity shall:
1>  if a downlink assignment has been indicated:
2> allocate the TB(s) received from the physical layer and the associated HARQ information to the HARQ process indicated by the associated HARQ information.
1>  if a downlink assignment has been indicated for the broadcast HARQ process:
2> allocate the received TB to the broadcast HARQ process.
NOTE:     It is up to UE impletentation to allocate the received TB for MCCH or broadcast MTCH to one HARQ process.



So, we suggest there is no need to make the issue more complexity since RAN2 also has their preference, and it is really a UE implementation’s issue. For meeting progress, we can directly use the online Alt 2 to reply the R2’s question, which also aligns with the RAN2’s understanding.

Proposal (Alt 2)
In the reply LS on HARQ process for MCCH and Broadcast MTCH(s) to RAN2, capture the following:
· From RAN1 perspective: 
· from UE perspective, it is up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH is the same or different.




	Lenovo (via email)
	
Thanks for the insightful discussion.
For broadcast transmission, it does not make sense that gNB decides to transmit MCCH/MTCH based on whether one or a few UE’s have at least remaining HARQ process number unused for unicast or multicast.

	
Moderator
	
Based on the discussion at the GTW (Alts from GTW copied below) and afterwards: 
· Alt-2 was not agreeable due to it is not clear for some companies on what is the number of HARQ processes the network can assume for broadcast reception.
· Alt-3 was not agreeable due to concerns the restrictions being imposed on receivers for the sub-bullet (A UE is expected to be able to receive MCCH and MTCH(s) when the UE is receiving unicast/multicast using 15 HARQ processes).

Proposal (Alt 2)
In the reply LS on HARQ process for MCCH and Broadcast MTCH(s) to RAN2, capture the following:
· From RAN1 perspective: 
· from UE perspective, it is up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH is the same or different.

Proposal (Alt 3)
In the reply LS on HARQ process for MCCH and Broadcast MTCH(s) to RAN2, capture the following:
· From RAN1 perspective: 
· A UE is expected to be able to receive MCCH and MTCH(s) using in total a single HARQ process when the UE is receiving unicast/multicast using 15 HARQ processes
· from UE perspective, it is up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH is the same or different.

Since Alt-2 was not agreeable the approach taken is to try to reformulate Alt-3 in case it can accommodate concerns provided by companies. Proposal 2.1rev3 builds from comments from Ericsson and LGE to see if it can be a compromise. More comments per company below.

@Ericsson, thanks for the proposals. Proposal 2.1rev3 is based on LGE’s comments which build from your proposals.

@Lenovo: thanks for comments. Please note that a proposal only with (It is up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH is the same or different) is Alt-2 that was discussed at the GTW on 13 May and we did not reach agreement. That’s why new Proposal 2.1rev3 is trying to be a compromise between the views of the different companies.

@LGE: thanks for the proposals. I have included your wording in new Proposal 2.1rev3 (with minor modifications to align with RAN2 wording).

@OPPO: thanks for comments, I have followed LGE’s proposals that seem also acceptable to you.

@MediaTek: thanks for sharing the detailed discussion from RAN2 and the TS 38.321. I also have the same understanding as you that NW can use one HARQ process to transmit MCCH and broadcast MTCH(s), but that from UE perspective how that broadcast transmission is allocated to HARQ buffers is up to UE implementation. However, they key issue is that if we only agree with It is up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH is the same or different) it is not clear for some companies that the NW can assume that only one HARQ process can be used for broadcast. Based on the note from TS 38.321, it seems that that they have confirmed their assumption on a single HARQ process for MCCH and a single HARQ process for MTCH. However, RAN2 would still need to know whether the MCCH and MTCH can use the same HARQ process, right? 
Please note that a proposal only with (It is up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH is the same or different) is Alt-2 that was discussed at the GTW on 13 May and we did not reach agreement. That’s why new Proposal 2.1rev3 is trying to be a compromise between the views of the different companies.




2.7. 4th round FL proposals

Proposal 2.1rev3
In the reply LS on HARQ process for MCCH and Broadcast MTCH(s) to RAN2, capture the following:
· From RAN1 perspective:
· It is up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH is the same or different.
· UEs in RRC_CONNECTED are expected that at least one HARQ process among the 16 HARQ processes can be used to receive MCCH and broadcast MTCH(s).

Please provide your answers in the table below. Do you agree with Proposal 2.1rev3?
	company
	comments

	Qualcomm
	Thanks for the proposal.
We can say what UE can do from RAN1 perspective, instead of ‘expected to do’ to avoid misleading UE requirement. Regarding whether to avoid the collision of HARQ process between broadcast and unicast/multicast by gNB or leave it to UE prioritization, it is not the question from RAN2 LS.   
Proposal 2.1rev3
In the reply LS on HARQ process for MCCH and Broadcast MTCH(s) to RAN2, capture the following:
· From RAN1 perspective:
· It is up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH is the same or different.
· UEs in RRC_CONNECTED are expected thatcan use at least one HARQ process among the 16 HARQ processes can be used to receive MCCH and broadcast MTCH(s).

	Huawei, HiSilicon
	The minimum UE capability for receiving broadcast is expected from NW perspective for scheduling unicast/multicast. Qualcomm’s revision seems fine with the understanding that “can use” can be interpreted by NW it is possible that one HARQ process is used to receive MCCH and MTCH. Even though for some case, UE needs to use two HARQ process but NW assumes UE can use one HARQ process, then it can be up to UE to drop either one. Overall, it does not seem a big deal. Qualcomm revision can be acceptable. 

	LG Electronics
	We are OK with Proposal 2.1rev3. We are also fine with Qualcomm’s revision.

	Lenovo
	Given the discussion during GTW, we are fine to have some additions on Alt 2.
Regarding the newly added bullet, does it imply RRC Connected UEs have to reserve at least one HARQ process for receiving broadcast? Does it impact gNB scheduling unicast or multicast to the UE? E.g., if all 16 processes have been used including at least one process used for broadcast, then gNB can’t schedule new unicast or multicast to the UE? Or if all 16 processes have been used for unicast and multicast, then gNB can’t schedule broadcast to the UE?
Our understanding is: if all 16 processes have been used including at least one process used for broadcast, then gNB can schedule new unicast or multicast to the UE and it is UE implementation to prioritize unicast or multicast over broadcast.
Some suggestions from our side for reference are listed below:
· From RAN1 perspective:
· It is up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH is the same or different.
· It is up to the UE’s implementation whether/how to prioritize unicast or multicast in case of HARQ process overbooking.

	ZTE
	Ok with FL proposal or Qualcomm’s revision.

	OPPO
	We are generally fine with the updated proposal by FL.
Regarding the comments on the second sub-bullet, by considering the updates from Qualcomm and Lenovo, we think both are OK because they are from different perspective. Based on Qualcomm’s update, it implies that at least there can be one HARQ process for MCCH/MTCH(s) even when overbooking happens. Based on Lenovo’s update, it totally up to UE’s implementation, e.g. there might be 0 HARQ process for MCCH/MTCH(s) when overbooking happens.
From perspective of network, it is difficult to assume the exact occupied HARQ process by a UE even with the broadcast interest reporting from UE to network. Our initial preference is to align the HARQ process information between NW and UE which can totally eliminate such mis-alignment issue. The current updated wording is to alleviate such problem by relying on UE implementation. Although depending on UE implementation, there seems different views on whether to always allocate (e.g. one) HARQ process for MCCH/MTCH(s).
We still prefer to align the HARQ process assumption between NW and UEs. If this is minority view, any update up to UE implementation seems workable.

	Nokia, NSB
	Similar view to Huawei, Qualcomm’s revision is acceptable provided it is clearly understood (ideally noted by the FL here), that from the network perspective of HARQ booking/planning for RRC connected devices, that no more than one HARQ process is used to receive MCCH and MTCH. 
Is that something the FL can confirm here at least as a comment?

	MediaTek
	Thanks for FL’s comments to MTK in last round summary. Regarding your question, from my understanding, R2 has the preference answer for the LS as the following note described that whether the HARQ buffer for the MCCH and broadcast MTCH is same is up to UE implementation.  
	NOTE:     It is up to UE implementation to allocate the received TB for MCCH or broadcast MTCH to one HARQ process.



Considering the meeting progress, we can live with the QC’s version even if we still think the 2nd sub-bullet is not needed.

	
Moderator
	
Thanks for the timely comments.
· Huawei, LGE, ZTE, OPPO, Nokia, MediaTek, (and Lenovo) support (can live with) Qualcomm’s modifications to Proposal 2.1rev3 as below marked with Proposal 2.1rev3a.
· OPPO supports Lenovo’s modifications to Proposal 2.1rev3.
Proposal 2.1rev3a
In the reply LS on HARQ process for MCCH and Broadcast MTCH(s) to RAN2, capture the following:
· From RAN1 perspective: 
· It is up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH is the same or different.
· UEs in RRC_CONNECTED are expected thatcan use at least one HARQ process among the 16 HARQ processes can be used to receive MCCH and broadcast MTCH(s).

@Lenovo: This new wording in Proposal 2.1rev3a tries to avoid misleading UE requirements and says what a UE can do from RAN1 perspective. 
Regarding your questions 
· “does it imply RRC Connected UEs have to reserve at least one HARQ process for receiving broadcast? Does it impact gNB scheduling unicast or multicast to the UE? E.g., if all 16 processes have been used including at least one process used for broadcast, then gNB can’t schedule new unicast or multicast to the UE? Or if all 16 processes have been used for unicast and multicast, then gNB can’t schedule broadcast to the UE?” 
· I think the new wording below in Proposal 2.1rev3a only implies that a UE can use but it does not imply that it has to reserve on HARQ process for broadcast.
· I also overall agree with your understanding (copied below) which aligns with Huawei’s understanding. 
· “Our understanding is: if all 16 processes have been used including at least one process used for broadcast, then gNB can schedule new unicast or multicast to the UE and it is UE implementation to prioritize unicast or multicast over broadcast.”
· [From Lenovo via email] “Based on your clarification, I think we are on same page. We can live with your updated proposal.
In addition, regarding overbooking issue, is it possible to add a new bullet like “It is up to the UE’s implementation whether/how to prioritize unicast or multicast in case of HARQ process overbooking.”?”
· From FL to Lenovo: thanks for the compromise. I think regarding the addition, I think that since this aspect is not directly asked in the RAN2 LS, I would prefer to try to agree to Proposal 2.1rev3a so we can send the LS to RAN2 asap. 

@OPPO: thanks for compromise, I think given the discussion, completely aligning HARQ process information between NW and UE is not widely supported at this stage.
@Nokia, All: from FL perspective I agree with the understanding shared by Huawei and Lenovo as copied in the next two sub-bullets, respectively:
· Huawei: “The minimum UE capability for receiving broadcast is expected from NW perspective for scheduling unicast/multicast. Qualcomm’s revision seems fine with the understanding that “can use” can be interpreted by NW it is possible that one HARQ process is used to receive MCCH and MTCH. Even though for some case, UE needs to use two HARQ process but NW assumes UE can use one HARQ process, then it can be up to UE to drop either one.”
· Lenovo: “Our understanding is: if all 16 processes have been used including at least one process used for broadcast, then gNB can schedule new unicast or multicast to the UE and it is UE implementation to prioritize unicast or multicast over broadcast.”

Please share via email if you have strong concerns with Proposal 2.1rev3a asap.




3. Proposals for GTW
3.1. GTW on 13 May
Proposal 2.1rev2a
In the reply LS on HARQ process for MCCH and Broadcast MTCH(s) to RAN2, capture the following:
· From RAN1 perspective: 
· from network perspective, the following can be assumed: 
· is possible to use a single HARQ process for MCCH and single HARQ process for MTCH(s).
· MCCH and MTCH(s) can share the same HARQ process. 
· from UE perspective, it is up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH is the same or different.

3.2. GTW on 16 May
Proposal 2.1rev3a
In the reply LS on HARQ process for MCCH and Broadcast MTCH(s) to RAN2, capture the following:
· From RAN1 perspective: 
· It is up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH is the same or different.
· UEs in RRC_CONNECTED can use at least one HARQ process to receive MCCH and broadcast MTCH(s).


4. Summary of Agreements
This section includes the agreements for RAN1#109-e.

Agreement
In the reply LS on HARQ process for MCCH and Broadcast MTCH(s) to RAN2, capture the following:
1. From RAN1 perspective: 
33. It is up to the UE’s implementation whether the HARQ process for MCCH and the HARQ process for MTCH is the same or different.
33. UEs in RRC_CONNECTED can use at least one HARQ process to receive MCCH and broadcast MTCH(s).

Draft LS in R1-2205418 is considered as endorsed and final Reply LS is provided in R1-2205215.
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Annex A: [R1-2203044] RAN2 LS on HARQ process for MCCH and Broadcast MTCH(s)
R1-2203044 submitted to RAN1#109-e reproduced here for convenience:
	[bookmark: Title][bookmark: DocumentFor][bookmark: _Hlk40295327][bookmark: OLE_LINK41][bookmark: OLE_LINK40][bookmark: OLE_LINK39][bookmark: OLE_LINK38]3GPP TSG RAN WG1#109-e	R1-2203044
e-Meeting, May 9th – 20th, 2022

3GPP TSG RAN WG1#108-e	R1-2202891
e-Meeting, 21th February – 3rd March, 2022

3GPP TSG RAN WG2#117-e	R2-2204017
e-Meeting, 21th February – 3rd March, 2022


Title:	LS on HARQ process for MCCH and Broadcast MTCH(s)
Response to:	
Release:	Rel-17
Work Item:	NR_MBS-Core

Source:	RAN2
To:	RAN1
Cc:	

Contact Person:	
Name:	Sangkyu Baek
E-mail Address:	sangkyu.baek@samsung.com

Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org

Attachments:	None


1. Overall Description:
RAN2 has discussed about dedicated HARQ process IDs for MCCH and Broadcast MTCH(s), and made the following agreement with an assumption:
There are no dedicated HARQ process IDs for MCCH and Broadcast MTCH (assumption: single HARQ process for MCCH and single HARQ process for MTCH, not clear whether they can share the same, details would be RAN1 scope)

2. Actions:
To RAN1:
[bookmark: _Hlk102756684]ACTION: 	RAN2 kindly asks RAN1 to confirm the RAN2 assumption on single HARQ process for MCCH and single HARQ process for Broadcast MTCH(s).

3. Date of Next TSG RAN WG2 Meeting:
TSG-RAN2 Meeting #118-e	May 16 - 27, 2022	e-Meeting
TSG-RAN2 Meeting #119	August 22 - 26, 2022	Toulouse, France
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