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In this contribution, we will discuss the remaining issues on the initialization of PDCP and RLC status variable for MBS Reception.
Discussion
 PDCP Initialization for MBS Reception
In RAN2#115 meeting, the following agreement on the initialization of PTM PDCP state variables was was made [1]:
For PTM PDCP state variables setting while configured, 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.

However, the initial value of these PDCP status variables has not concluded yet. 
Issue 1: initial value of RX_DELIV and RX_NEXT
For the initial value of RX_NEXT, NR sidelink method for broadcast and groupcast communication can be reused. That means 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. This is also aligned with the design intention of RX_NEXT parameter, which is used to indicated the next PDCP SDU expected to be received.
Proposal 1: For MBS reception, 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.
[bookmark: OLE_LINK1]For the initial value of RX_DELIVE, there are two options as mentioned in the email discussion [092] :

· Option 1: 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, which is similar to sidelink broadcast/groupcast;
· Option 2: the initial value of RX_DELIV is set to the same as RX_NEXT. 
In NR MBS, HARQ mechanism is supported, which may cause out of order reception. For Option 2, the packet with COUNT< RX_DELIV will be discarded by PDCP entity, which will cause packet loss. Considering that MBS reception in connected state has rather high reliability requirement, it is necessary to do the best to avoid packet loss. Option 2 can avoid packet loss, which is preferable. There is an argument that option2 will always make t_reordering timer start caused by RX_DELIV < RX_NEXT. This will make unnecessary waiting time as most of packets with COUNT between RX_DELIV and RX_NEXT will not be received. From our view, this is not a big issue, which can be solved by configuring a shorter value of t_reordering timer. Thus, we propose:
Proposal 2: For MBS reception, the initial value of the SN part of RX_DELIVE 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.
Issue 2: HFN synchronization
As pointed out in the email discussion [092]. The HFN may be used for 1) security and 2) PDCP SR. Whether HFN is used for security purpose is pending to SA3. In the PDCP status report, FMC (First Missing Count) in included for indicating the COUNT value of the first missing PDCP SDU within the reordering window. 
As PDCP SR may be triggered for RRC based MRB bearer type change. At least in this case, HFN synchronization between UE and NW is needed. However, when NW indicates the initial value of HFN to UE, HFN desynchronization between UE and NW may occur. This is caused by the SN wrap around which happens during the transmission of RRC message carrying the indicated HFN. There is an argument that this issue can be left to NW implementation, e.g., NW does not provide the initial value of HFN if the SN is going to wrap around. However, this solution has some drawbacks. For example, if the MRB configuration needs to be provided when the SN of MBS packet will be wrapped around, NW should delay to provide MRB configuration which may make UE miss more packets. This may be further delayed considering that it may be hard for NW to estimate the possible transmission time of RRC reconfiguration message. Anyway, it is preferable to have a standard solution to solve the HFN desynchronization issue.
There are three possible options to support the indication of initial value of HFN by gNB, as mentioned in the email discussion:
-	Option 1: the initial value of HFN is indicated by RRC signalling, e.g. in the PDCP-Config IE.
-	Option 2: the initial value of HFN is indicated by a new PDCP control PDU.
-	Option 3: the initial value of HFN is indicated in the PDCP header of PDCP PDU.
For option1, the initial value of HFN can be provided to UE as part of MRB configuration. SN wrap around may occur during the transmission of RRC message. However, if reference SN can be provided together with HFN (which equivalent to provide UE with the initial value of COUNT), the HFN desynchronization issue may be solved. For example, if the received COUNT value (which is determined based on the HFN indicated by NW and the SN of received packet) is less than the initial value of COUNT, UE can determine that SN wrap around occurs, then update the indicated HFN by one autonomously.
For option 2 and option 3, both options can solve the HFN desynchronization. Compared with option 3, option 2 is a much clearer solution and has less spec impact, which is preferable. 
Proposal 3: If the initial value of HFN is indicated by gNB, the following standard solutions is considered for HFN synchronization between UE and NW:
· Option 1: the initial value of HFN/COUNT is indicated by RRC signalling.
· Option 2: the initial value of HFN is indicated by a new PDCP control PDU.
 RLC Initialization for MBS Reception
In RAN2#115 meeting, the following agreement on the initialization of PTM PDCP state variables was made [1]:
Initialize the PTM RLC entity for an MRB configuration, the value of RX_Next_Highest and RX_Next_Reassembly are set according to the SN of the first received packet containing an SN.

However, the initial value of these RLC status variables has not concluded yet. 
Issue 3: Initial value of RX_Next_Highest and RX_Next_Reassembly
For the initial value of RX_Next_Highest, NR sidelink method for broadcast and groupcast communication can be reused. That means the initial value of RX_Next_Highest is set to the SN of the first received UMD PDU containing an SN. This is also aligned with the design intention of RX_Next_Highest parameter, which is used to indicated the value of the SN following the SN of the RLC SDU with the highest SN among received RLC SDUs.
Proposal 4: For multicast PTM, the RX_Next_Highest is initially set to the SN of the first received UMD PDU containing an SN.
For the initial value of RX_Next_Reassembly, there are two options as mentioned in the email discussion [092]:

· Option 1: For multicast PTM, the initial value of RX_Next_Reassembly is set to a value before RX_Next_Highest.
· Option 2: For multicast PTM, the initial value of RX_Next_Reassembly is set to the same as RX_Next_Highest. 
Similar with PDCP initialization issue, option 1 can be based on UE implementation to avoid packet loss due to out of order reception. However, RLC PDU carrying complete RLC SDU in NR does not have the SN. The packet loss issue caused by out of order reception is only for these packets carrying RLC SDU segmentation. In addition, packet loss may be only occurred when the SN of these packets is less than the SN of RX_Ressembly. Anyway, the issue of the date loss mentioned above will not happen very often, there is no need to solve the data loss issue. Thus, option 2 is preferable.
Proposal 5: For multicast PTM, the RX_Next_Reassembly is initially set to the SN of the first received UMD PDU containing an SN.
Issue 5: MBS reception via reactivated PTM
In RAN2#115e meeting, RAN2 has agreed that no implicit PTP/PTM switch indicator is introduced. NW still can deactivate the PTM without notifying UE. If PTM is deactivated, UE cannot receive MBS packet via PTM. During the period of PTM deactivation, the value of RX_Next_Reassembly and RX_Next_Highest are updated to be equal with each other finally. When UE receives new packets again via the re-activated PTM, PTM RLC may discard incorrectly the new received packets as these packets have SN which is less than RX_Next_Reassembly. 
Observation 1: UE may discard new packets under the case that UE receives these new packets via PTM after a period of time during which UE does not receive packet.
In order to avoid discarding new packets incorrectly, RX_Next_Highest and RX_Next_Reassembly need to be reset and initialized when receiving new packet from the re-activated PTM. As there is no implicit PTP/PTM switch indicator, it is difficult for UE to judge whether PTM re-activation happens. The possible solution is that UE perform the reset of RX_Next_Highest and RX_Next_Reassembly periodically. There some candidate solution can be consider as following:
· Timer based solution. If UE cannot receive MBS packet from PTM, UE can assume the PTM is deactivated, and then reset the RX_Next_Highest and RX_Next_Reassembly. When UE receives MBS packet via PTM again after the Timer expires, UE can initialize the RX_Next_Highest and RX_Next_Reassembly based on the first received packet. 
· Based on DRX cycle. UE can reset the RX_Next_Highest and RX_Next_Reassembly based on DRX cycle (e.g. multicast DRX cycle) periodically. For example, UE can reset these status variables when UE enters DRX duration time. 
· Based on MCCH modification. Similar with DRX cycle based solution, UE can reset these status variables periodically based on the MCCH modification cycle.
Based on the above analysis, UE should reset X_Next_Highest and RX_Next_Reassembly periodically in order to avoid packet loss. How UE reset RX_Next_Highest and RX_Next_Reassembly periodically can be further discussed. The mentioned solutions can be candidate solutions.
Proposal 6: UE resets RX_Next_Highest and RX_Next_Reassembly periodically. The detail is FFS 
[bookmark: _Toc502437832]Conclusion
Based on the above analysis, the following observation and proposals are given:
Observation 1: UE may discard new packets under the case that UE receives these new packets via PTM after a period of time during which UE does not receive packet.
Proposal 1: For MBS reception, 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.
Proposal 2: For MBS reception, the initial value of the SN part of RX_DELIVE 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.
Proposal 3: If the initial value of HFN is indicated by gNB, the following standard solutions is considered for HFN synchronization between UE and NW:
· Option 1: the initial value of HFN/COUNT is indicated by RRC signalling.
· Option 2: the initial value of HFN is indicated by a new PDCP control PDU.
Proposal 4: For multicast PTM, the RX_Next_Highest is initially set to the SN of the first received UMD PDU containing an SN.
Proposal 5: For multicast PTM, the RX_Next_Highest is initially set to the SN of the first received UMD PDU containing an SN.
Proposal 6: UE resets RX_Next_Highest and RX_Next_Reassembly periodically. The detail is FFS. 
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