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1	Introduction
In RAN2#116-e, RAN2 made the following agreements:
EHC is supported for MRB for cases when feedback path is available (UL RLC) and it is expected that no further optimizations are needed.
for multicast MRB, the initial value of the SN part of RX_NEXT is (x +1) modulo (2[PDCP-SN-Size]), where x is the SN of the first received PDCP Data PDU.
the initial value of RX_DELIV is set to a value before RX_NEXT, e.g. the initial value of the SN part of RX_DELIV is (x – 0.5 × 2[PDCP-SN-Size–1]) modulo (2[PDCP-SN-Size]), where x is the SN of the first received PDCP Data PDU.
If HFN is needed (FFS), the initial value of HFN (maybe + related PDCP SN to avoid ambiguity of HFN FFS) is indicated by the gNB by RRC (e.g. during RRC based MRB bearer type change).
for multicast MRB, the initial value of the SN part of RX_NEXT is (x +1) modulo (2[PDCP-SN-Size]), where x is the SN of the first received PDCP Data PDU.
for multicast PTM, the RX_Next_Highest is initially set to the SN of the first received UMD PDU containing an SN
for multicast PTM, the initial value oglf RX_Next_Reassembly is set to a value before the RX_Next_Highest.
The RLC entity release and/or establishment procedures are performed during RRC based MRB bearer type change for PTM only <-> PTP only.
bidirectional UM RLC configuration is supported for PTP transmission and it is up to NW implementation to configure bidirectional UM RLC or DL only UM RLC for PTP transmission.
Common LCID space is used for Multicast MRB (in Connected mode). 
one-to-many mapping between G-RNTI and MBS sessions is supported and it is assumed that this does not introduce additional specification work.
[050] for broadcast MRB, the sn-FieldLength (for RLC) and pdcp-SN-SizeDL parameters are predefined with configuration optionally provided.
[050] for broadcast MRB, the t-Reassembly (in RLC configuration) are predefined with configuration optionally provided. FFS on t-Reordering (in PDCP configuration, pending to RAN1’s discussion on blind retransmission).
[050] for broadcast MRB, when enabled by the network, RoHC parameters are predefined with configuration optionally provided.
[050] it is up to network implementation on how to configure DL RTT and Re-transmission timer of multicast DRX in case of multicast HARQ ACK/NACK feedback using UE specific PUCCH resources. FFS for case of disabled HARQ FB.
[050] For group common PTM Multicast HARQ PUCCH resources (NACK only feedback), the same group of UEs have aligned HRAQ RTT and DL Re-Tx timer configuration. HARQ RTT timer counting starts from end of common PUCCH resource based NACK transmission (i.e. same as Unicast DRX behaviour). FFS for case of disabled HARQ FB.
[050] FFS whether short DRX cycle is supported for multicast DRX.
[050] FFS how UE monitors UE specific PDCCH/C-RNTI for possible PTP transmission for PTM HARQ retransmission in active time of multicast DRX, the following alternatives are on the table (one to be selected):
Option 2: the UE monitors UE specific PDCCH/C-RNTI only when drx-RetransmissionTimerDLPTM is running and PTP retransmission is expected. 
Option 3: the UE monitors UE specific PDCCH/C-RNTI only during unicast DRX’s active time. Unicast DRX’s RTT timer can be started when PTP retransmission is expected. 
[050] FFS For DRX command MAC CE for multicast DRX, the following alternatives are on the table (one to be selected):
Option 2b: use a DRX command MAC CE per multicast DRX operation (i.e. per G-RNTI basis)
Option 3: neither legacy DRX command MAC CE nor new DRX command MAC CE is used for multicast DRX, i.e. no DRX command MAC CE for multicast DRX.
This document discusses remaining issues on UP aspects.
2	Discussion
2.1 PDCP Initial Variables
In MBS, UE may join an ongoing MBS service and receive the data from the middle of the sequence number (SN). To support this case, in RAN2#115-e, RAN2 agreed to that the SN part of COUNT values of these variables are set according to the SN of the first received packet (by the UE) and the HFN indicated by the gNB, if needed.
An open issue is if HFN signalling is needed. In our view, it is needed. HFN value is included in FMC field of PDCP Status Report message. By using the received HFN, gNB is able to check if HFN desynchronization happened. Without the initial HFN value, gNB cannot check this which means that the HFN part of FMC is just a redundant. Since FMC is always delivered in the status report. There is no reason to make part of existing signalling useless. Also, the signalling of HFN part has no harm to any of entities for MBS operation.
Proposal 1. RAN2 to confirm that the initial value of HFN is provided to UE by dedicated RRC message.
During RAN2 email discussion [Post115-e][092][MBS] Remaining User plane issues (Lenovo), a case that HFN-only signalling may have HFN ambiguity issue as shown in Figure 1 is being discussed. In the example, the ongoing SN value is around the SN boundary (i.e. between 4094 and 4095 for 12-bit SN). The indicated HFN is 4 but it cannot be that of the first received packet. If SN4095 is delayed due to HARQ retransmission (or eventually lost), the first received packet is not gNB’s intended packet, i.e. SN4095 but packet with SN0 whose HFN is 5. An easiest way to resolve this problem is to signal a reference SN value together with HFN. The value itself is not a big overhead.
Proposal 2. Reference SN value for initial HFN is provided to UE by dedicated RRC message.


Figure 1. HFN ambiguity and reordering delay
2.2 MBS Specific MAC Reset
In unicast and sidelink, MAC Reset procedures are separately defined for the case of critical configuration change. When MAC Reset is requested, UE cancels MAC timers, reset HARQ transmission and reception, and stops MAC signalling. It is obvious that MAC Reset has some information loss by e.g. HARQ flushing. Thus, MAC Reset should be minimized, and Rel-15 NR also considered to avoid MAC reset at bearer type change. In Rel-17 MBS, this is still a valid argument.
During MBS reception or configuration, MAC reset may be necessary at handover or MRB type change. Except for handover during which unicast MAC reset is required, MRB type change does not require to reset all MAC related functionalities. In this case, reset of MBS related functionalities e.g. DL HARQ buffer would be sufficient. Similarly, sidelink specific MAC Reset is already defined in MAC specification. Thus, we see the benefit of MBS specific MAC Reset. The potential TP could be as follows:
	If a MBS specific reset of the MAC entity is requested for MBS by upper layers, the MAC entity shall:
1>	stop (if running) all timers associated to Multicast;
1>	flush the soft buffers for all Multicast DL HARQ processes;
1> for each Multicast DL HARQ process, consider the next received transmission for a TB as the very first transmission;
1>	initialize Bj for each logical channel associated to MRB to zero.



Proposal 3. MBS specific MAC Reset is introduced.
2.3 HARQ Process Handling
RAN1 agreed UE’s HARQ process is shared between unicast and multicast. It means that a HARQ process can be used dynamically by unicast and multicast. This dynamic HARQ process usage may have NDI management issue as shown in Table 1 [R2-2104969]. 
	
	UE A
	UE B

	1st DL assignment
	HARQ process
	X
	X

	
	NDI
	1
	0

	
	Transmission mode
(RNTI)
	Unicast
(C-RNTI)
	PTM
(G-RNTI)

	2nd DL assignment
	HARQ process
	X

	
	NDI
	1

	
	Transmission mode
(RNTI)
	PTM
(G-RNTI)
	PTM
(G-RNTI)


Table 1. HARQ process and NDI management issue 
For an ongoing PTM transmission addressed to G-RNTI, the same HARQ process was used by unicast for a newly joining UE (i.e. UE A). In the example of Table 1, UE A’s latest NDI value provided by PDCCH for C-RNTI is 1 and the latest NDI value provided to UE B by PDCCH for G-RNTI is 0. After that, UE A starts to receive MBS data by using G-RNTI. Received NDI value, i.e. NDI=1, may mislead UE A to interpret as a “re”-transmission. However, in this case, the UE has to interpret as a “new” transmission.
RAN1 agreed PTP retransmission using C-RNTI after PTM initial transmission using G-RNTI but did not agree PTM retransmission after PTP initial transmission. If the current downlink assignment is for G-RNTI and the previous assignment was for C-RNTI, then the current assignment must be a new transmission. In this case, the MAC entity does not check NDI value. Instead, it is sufficient to consider as a new transmission. 
Since a UE may have multiple G-RNTIs, the used G-RNTIs between the previous assignment and this assignment are different, it is straightforward to consider NDI to have been toggled regardless of the value of the NDI, similar to other cases already defined in the current Rel-16 MAC specification. 
Proposal 4. If the current downlink assignment is for G-RNTI and the previous assignment was for C-RNTI, MAC entity considers NDI to have been toggled regardless of the value of the NDI. 
Proposal 5. If the current downlink assignment is for G-RNTI and the previous assignment was for different G-RNTI, MAC entity considers NDI to have been toggled regardless of the value of the NDI.
Proposal 6. If the current downlink assignment is for G-RNTI and the previous assignment was for CS-RNTI/G-CS-RNTI or unicast SPS or MBS SPS, MAC entity considers NDI to have been toggled regardless of the value of the NDI.
2.4 Multicast DRX
2.4.1 Retransmission Path for PTM Initial Transmission
RAN2 should discuss and conclude as to how PTP or PTM based retransmission for the PTM initial transmission is informed to or interpreted by the UE. Options can include:
· Option 1: Network explicitly configures the UE for the PTP or PTM based retransmission for PTM initial transmission (e.g. HARQ-ReTxPath field in the MBS bearer configuration is set to either PTP or PTM)
· Option 2: UE expects to receive either the PTP or PTM based retransmission for PTM initial transmission. That is, there is no explicit configuration given to UE. 
In general, option 1 seems to be more efficient from power consumption and processing perspective as compared to option 2. 
Proposal 7. RAN2 to discuss and select one among the following options for determining retransmission path for PTM initial transmission:
· Option 1: Network explicitly configures the UE for the PTP or PTM based retransmission for PTM initial transmission (e.g. HARQ-ReTxPath field in the MBS bearer configuration is set to either PTP or PTM).
· Option 2: UE expects to receive either the PTP or PTM based retransmission for PTM initial transmission. That is, there is no explicit configuration given to UE.
2.4.2 PTP Retransmission for PTM Initial Transmission
Regarding DRX operation for PTP retransmission, there are two options on the table: 
· Option 2: the UE monitors UE specific PDCCH/C-RNTI only when drx-RetransmissionTimerDLPTM is running. For example, when drx-onDurationTimerPTM and drx-InactivityTimerPTM are running but drx-RetransmissionTimerDLPTM is not running, the UE does not monitor UE specific PDCCH/C-RNTI.
· Option 3: the UE monitors UE specific PDCCH/C-RNTI only during unicast DRX’s active time. Unicast DRX’s RTT timer can be started when PTP retransmission is to be received.
Figure 2 and 3 depict respectively option 2 and option 3.
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Figure 2. Illustration for Option 2
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Figure 3. Illustration for Option 3
Table 1: Comparison of DRX solutions for PTP ReTx for PTM initial Tx
	Solution →
Factors ↓
	Option 2
	Option 3

	Power consumption
	Less
	Less

	Specification effort
	High 
	Low (follows legacy unicast DRX largely)

	Effectiveness 
	Lacks for multiple PTP retransmission case
	Addresses multiple PTP retransmissions (as in legacy unicast DRX protocol)

	Protocol impact & complexity
	High (new behavior)
	Low (adhere to legacy unicast DRX)



As highlighted, option 2 may have issue when multiple PTP retransmissions (i.e. 2nd retransmission or further) are to be received. When first PTP retransmission is received addressed by C-RNTI, PTM timers may not be operated and it is unclear how further PTP retransmissions can be received. In case PTM timers are operated upon PTP retransmission reception, it is expected to cause a new and complex specification impact, which is undesired.
On contrary, as in option 3, when Unicast DRX’s RTT timer is started when PTP retransmission is to be received, the legacy unicast DRX protocol takes care for further PTP retransmissions reception.
Based on the analysis, it seems rational to maintain the separate DRX configurations for PTM and PTP, and only bring PTP DRX to active time whenever it is required to receive HARQ retransmissions. More specifically, drx-HARQ-RTT-TimerDL timer is started for PTP when MBS initial transmission is received for PTM and HARQ retransmission is to be received through PTP.
Proposal 8. UE monitors UE specific PDCCH/C-RNTI only during unicast DRX’s active time. drx-HARQ-RTT-TimerDL timer is started for PTP when MBS initial transmission is received for PTM and HARQ retransmission is to be received through PTP.
2.4.3 PTM Retransmission for PTM Initial Transmission
An FFS point is whether and how to start HARQ RTT timer and DRX Retransmission Timer when HARQ feedback is not configured. As RAN1 agreed to support the case that HARQ feedback is not configured, the UE may not send a HARQ NACK even though the UE failed to decode the previous transmission. However, UE not providing feedback can still avail HARQ retransmissions meant for other UEs. This is quite useful for an outlier UE or a cell-edge UE to enhance reliability of MBS reception. With regard to above understanding, in order to track the retransmissions timing, UE needs to operate drx-HARQ-RTT-TimerDLPTM and drx-RetransmissionTimerDLPTM irrespective of HARQ feedback or no HARQ feedback.
It is to be noted that ACK-NACK HARQ feedback may be configured with UE specific PUCCH resources (different timings for different UEs) while NACK-only HARQ feedback may use common PUCCH resources (same timing for different UEs). Whereas, when HARQ feedback is not configured, there is no actual feedback transmission event to base the timing for the drx-HARQ-RTT-TimerDLPTM operation.
However, it seems feasible and reasonable to have a DRX mechanism to start the drx-HARQ-RTT-TimerDLPTM timer when the HARQ feedback is not configured. A simple way is that the UE starts drx-HARQ-RTT-TimerDLPTM timer at the end of GC-PDCCH reception.
Proposal 9. UE starts drx-HARQ-RTT-TimerDLPTM timer at the end of GC-PDCCH reception when HARQ feedback is not configured.
2.4.4 Short DRX Cycle and DRX Command MAC CE
During email discussions [Post115-e][092][MBS] Remaining User plane issues (Lenovo) and [AT116-e][050][MBS] UP continuation (Lenovo),  the necessity of Short DRX cycle and DRX Command MAC CE was discussed. In our view, their gain is not clear. Regarding Short DRX Cycle, it’s not clear how gNB deduces there is a short interruption in data flow. Even if it is possible, the gain of the short cycle is not clear considering multiple MBS flows are simultaneously served. Moreover, short DRX cycle to PTM may have a mismatch problem among multiple UEs. In this scenario, MAC CE-based immediate sleep is not so beneficial but complicated.
Proposal 10. Short DRX cycle is not supported for MBS.
Proposal 11. DRX Command MAC CE is not supported for MBS.
2.5 WUS for MBS Multicast
WUS (Wake-Up Signal) is introduced in Release 16 for Connected mode UE power saving. It is worthwhile to consider whether WUS approach which has been defined for unicast is also applicable to MBS multicast, particularly to PTP reception path which resembles unicast, and also follow unicast DRX configuration. In either of the two cases, i.e. WUS is applied to PTP reception or not, there is a need for clarity for UE behavior in the specification.
· Option 1: WUS is not applied to PTP - UE needs to be prepared to receive on PTP reception path, regardless of WUS indication for the next DRX cycle.
· Option 2: WUS is applied to PTP - UE should skip receiving MBS on PTP reception path, when WUS indicates no allocation for the next DRX cycle. However, MBS specific measurements and/or CSI reporting may be operated as per DRX-On-duration timer durations. 
In general, approach (a) appears to be complicated with maintaining different handling for PTP reception and unicast reception. Approach (b) is aligned with unicast and may need to additionally specify MBS specific measurements and/or CSI reporting operations during drx-on-DurationTimer duration. Notably, these aspects need to be addressed by RAN1. From RAN2 perspective, approach (b) seems reasonable and further details should be worked out by RAN1, if any.
Proposal 12. RAN2 to confirm that WUS is applicable for MBS multicast for PTP reception path. RAN2 should request RAN1 to consider working out further details needed, if any.
With regard to WUS for PTM, it is expected that it will need more specification effort and may not be suitable in the Rel-17 WI scope. RAN2 should confirm not to address this in present release.
Proposal 13. RAN2 to confirm that WUS is not applicable for MBS multicast for PTM reception path in Rel-17.
2.6 BWP Scheduling Aspect in Connected Mode
UE’s interested MBS service may be ongoing on non-active BWP. 
· Option 1: Active BWP shall be switched for MBS service
· Option 2: UE is provided MBS service in PTP mode on active BWP
· Option 3: MBS-active BWP and Unicast-active BWP can be different or not receivable together. A mechanism to resolve this issue is necessary, e.g., reporting this mismatch, autonomous BWP switch for MBS, TDM-like switch, etc.
· Option 4: MBS capable UE has two RF chains per cell. UE can receive both MBS BWP and active unicast BWP.
Considering the complexity from RAN2 perspective, option 2 looks feasible. Option 1 may work if there is no active unicast service on active BWP; otherwise active BWP need to be switched together for unicast and multicast by network. 
Proposal 14. RAN2 to further discuss the alternatives to receive UE’s interested MBS service ongoing on non-active BWP.
Besides, in order to support multicast PTM reception for low capability UEs i.e. UEs not having spare receiver, RAN2 should also address service distribution aspects with respect to BWP as follows:
a) Configure all these UEs with same BWP (concentration)
b) Support distribution of these UEs across BWPs implying MBS services are duplicated on different BWPs (distribution)
c) TDM approach i.e. during slot, involved UEs can be distributed across different BWPs (switching)
Proposal 15. RAN2 to further discuss the different MBS service distribution aspects with regard to BWP in order to support low capability UEs receiving MBS services.

3	Conclusion
Based on the discussion above, RAN2 is requested to discuss and agree the following proposals:
Proposal 1. RAN2 to confirm that the initial value of HFN is provided to UE by dedicated RRC message.
Proposal 2. Reference SN value for initial HFN is provided to UE by dedicated RRC message.
Proposal 3. MBS specific MAC Reset is introduced.
Proposal 4. If the current downlink assignment is for G-RNTI and the previous assignment was for C-RNTI, MAC entity considers NDI to have been toggled regardless of the value of the NDI. 
Proposal 5. If the current downlink assignment is for G-RNTI and the previous assignment was for different G-RNTI, MAC entity considers NDI to have been toggled regardless of the value of the NDI.
Proposal 6. If the current downlink assignment is for G-RNTI and the previous assignment was for CS-RNTI/G-CS-RNTI or unicast SPS or MBS SPS, MAC entity considers NDI to have been toggled regardless of the value of the NDI.
Proposal 7. RAN2 to discuss and select one among the following options for determining retransmission path for PTM initial transmission:
· Option 1: Network explicitly configures the UE for the PTP or PTM based retransmission for PTM initial transmission (e.g. HARQ-ReTxPath field in the MBS bearer configuration is set to either PTP or PTM).
· Option 2: UE expects to receive either the PTP or PTM based retransmission for PTM initial transmission. That is, there is no explicit configuration given to UE.
Proposal 8. UE monitors UE specific PDCCH/C-RNTI only during unicast DRX’s active time. drx-HARQ-RTT-TimerDL timer is started for PTP when MBS initial transmission is received for PTM and HARQ retransmission is to be received through PTP.
Proposal 9. UE starts drx-HARQ-RTT-TimerDLPTM timer at the end of GC-PDCCH reception when HARQ feedback is not configured.
Proposal 10. Short DRX cycle is not supported for MBS.
Proposal 11. DRX Command MAC CE is not supported for MBS.
Proposal 12. RAN2 to confirm that WUS is applicable for MBS multicast for PTP reception path. RAN2 should request RAN1 to consider working out further details needed, if any.
Proposal 13. RAN2 to confirm that WUS is not applicable for MBS multicast for PTM reception path in Rel-17.
Proposal 14. RAN2 to further discuss the alternatives to receive UE’s interested MBS service ongoing on non-active BWP.
Proposal 15. RAN2 to further discuss the different MBS service distribution aspects with regard to BWP in order to support low capability UEs receiving MBS services.
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