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According to the RAN2#112-e meeting discussion [1], RAN2 made the following agreements on the MRB PDCP:
	· RoHC (at least U-mode) can be configured for NR MBS bearers. This is applicable for Mcast, assume this is applicable also to broadcast. 
· RoHC is located at PDCP. 
· The reordering and in-order delivery function in PDCP is supported for NR MBS.
· The following PDCP functions are also supported for NR MBS: transfer of data; maintenance of PDCP SNs; duplicate discarding. Other PDCP functions are FFS.


In this contribution, we discuss the remaining issues of the MRB PDCP.
Discussion
ROHC and EHC


Figure 1: ROHC and EHC
As RAN2 has already agreed to support the ROHC for the MRB, we think that the ROHC of U-mode can be configured for the MRB without the unicast uplink, and the ROHC of O/R-mode which requires the feedback from the decompressor can be configured for the PDCP anchored MRB with the unicast uplink. Regarding the EHC, as the EHC feedback is mandatorily required to support the DL EHC, the EHC feedback can be sent also via the unicast link of the PDCP-anchored MRB. 
Observation 1: The ROHC/EHC feedback can be sent via the unicast link of the PDCP anchored MRB.
Proposal 1: The U-mode ROHC can be configured for any type of MRB.
Proposal 2: The O/R-mode ROHC can be configured for the PDCP anchored MRB.
Proposal 3: The EHC can be configured for the PDCP- split MRB.

Initial value of HFN and state variables
According to the current PDCP specification [2], the state variables (i.e. RX_NEXT, RX_DELIV and RX_REORD) of the PDCP reception window is based on the PDCP COUNT value. However the PDCP COUNT includes the HFN part and the SN part. The SN part is indicated in the PDCP header, and the HFN part increases while the SN wraps around. The initial value of HFN is set to “0” for DRB at the DRB establishment. The PDCP COUNT and the state variables should be aligned between the UE and the gNB so as to avoid the packet loss due to the packets falling outside of the reception window and the deciphering failure as the PDCP COUNT is used as the input of the packet encryption. According to the email discussion for delivery mode 1 [3], it seems that the majority of companies considers that “the SN part of COUNT values of these variables are set according to the SN of the first received packet and the HFN indicated by the gNB”.
However both the delivery mode 1 and the delivery mode 2 supports the MBS PDCP entity for the PTM transmission. The delivery mode 1 uses the unicast signalling to configure the MBS PDCP, and the delivery mode 2 uses the MCCH signalling to configure the MBS PDCP. To support the HFN indication for both delivery mode 1 and 2, we consider that the HFN of MRB PDCP is indicated to the UE via unicast RRC message for delivery mode 1 and via MCCH for delivery mode 2.
Proposal 4: The HFN of MRB PDCP is indicated to the UE via unicast RRC message for delivery mode 1 and via MCCH for delivery mode 2.

Slow-moving PDCP reception window
According to the NR PDCP specification [2], the receiving PDCP needs to maintain the state variables for the reception of the PDCP PDU, and the reception window size (i.e. Window_Size) is 2[pdcp-SN-SizeDL] – 1. The lower bound of the PDCP reordering window equals to “RX_DELIV”, and the higher bound of the PDCP reordering window equals to “RX_DELIV + Window_Size - 1”. According to the PDCP reordering procedure, the PDCP PDU with COUNT value smaller than the lower bound of the PDCP reordering window (i.e. RCVD_COUNT < RX_DELIV) is discarded, and the PDCP PDU with COUNT value larger than the higher bound of the PDCP reordering window is not allowed due to the HFN desynchronization.
Observation 2: Due to the HFN desynchronization, the PDCP PDU with COUNT value larger than the higher bound of the PDCP reordering window is not allowed in the NR PDCP. 


Figure 2: PDCP re-ordering window for PTM
For the PTM transmission as illustrated in Figure 2, multiple UEs use its own PDCP reordering window for the reception of the PDCP PDU. Then we could have one reordering window moving much slower than the others. In order to avoid the HFN desynchronization issue, the transmitter would have to send the PDCP PDU within the slowest reordering window. Then the slowest re-ordering window would slow down the data transmission rate for all UEs receiving the same MBS service. For the unicast transmission, this is not an issue, as the gNB can provide a dedicated PDCP configuration with faster moving PDCP reception window to the UE. For example, the PDCP configuration with a lower value of the PDCP reordering timer would have the faster moving PDCP reordering window. However it is difficult to configure a faster moving PDCP reordering window for a specific UE (e.g. a UE at the cell edge) at least for the delivery mode 2 of PTM, as the PDCP configuration which is included in the MCCH configuration is applicable to all UEs in the PTM cell.
Observation 3: In order to avoid the HFN desynchronization issue for PTM, the transmitter would have to send the PDCP PDU within the slowest reordering window of multiple UEs receiving the same MBS service.
Thus we consider that RAN2 should consider some solution for the UE to temporarily accelerate the moving of its reordering window, in order to avoid impacting the reception data rate of other UEs receiving the same MBS service.
Proposal 5: The UE can temporarily accelerate the moving of the PDCP reordering window.

PDCP re-establishment
According to the handover procedure, the UE needs to change its security configuration, which leads to the PDCP re-establishment to firstly process the PDCP PDU(s) from the source link and then to apply the new PDCP configuration of security for the reception of PDCP PDU from the target link.
Observation 4: PDCP re-establishment is needed for the handover to allow the change of the security context.
	38.323 [2]:
[bookmark: _Toc12616331][bookmark: _Toc37126942][bookmark: _Toc46492055][bookmark: _Toc46492163][bookmark: _Toc52581953]5.1.2	PDCP entity re-establishment
…
When upper layers request a PDCP entity re-establishment, the receiving PDCP entity shall:
…
-	for UM DRBs and SRBs, set RX_NEXT and RX_DELIV to the initial value;


However according the PDCP re-establishment procedure for the RLC UM mode as quoted above, the receiving PDCP entity would initialize the PDCP reception window before applying the new security configuration of the target link. As the PTM link could only support RLC UM according to the RAN2 agreement, the target node is not able to retransmit the lost PDCP PDU when the PDCP reception window is initialized, even though the PDCP entity of the MRB (MBS Radio Bearer) provides the PDCP status report to the gNB via the unicast link.
Observation 5: According to the current PDCP specification, the PDCP retransmission is not supported for the RLC UM mode, as the PDCP reception window of the RLC UM is re-initialized at PDCP reestablishment.
Thus to support the PDCP retransmission for the lossless handover of the MBS service, we consider that the PDCP reception window for PTM should be kept at PDCP re-establishment. Then the receiving PDCP entity can submit the reordered PDCP SDUs to the upper layer after receiving the PDCP PDU(s) retransmitted by the target node.
Proposal 6: The PDCP reception window of PTM is not re-initialized at PDCP reestablishment.
Conclusions
According to the analysis given above, we have the following observations and proposals:
[bookmark: _GoBack]Observation 1: The ROHC/EHC feedback can be sent via the unicast link of the PDCP split MRB.
Observation 2: Due to the HFN desynchronization, the PDCP PDU with COUNT value larger than the higher bound of the PDCP reordering window is not allowed in the NR PDCP. 
Observation 3: In order to avoid the HFN desynchronization issue for PTM, the transmitter would have to send the PDCP PDU within the slowest reordering window of multiple UEs receiving the same MBS service.
Observation 4: PDCP re-establishment is needed for the handover to allow the change of the security context.
Observation 5: According to the current PDCP specification, the PDCP retransmission is not supported for the RLC UM mode, as the PDCP reception window of the RLC UM is re-initialized at PDCP reestablishment.

Proposal 1: The U-mode ROHC can be configured for any type of MRB.
Proposal 2: The O/R-mode ROHC can be configured for the PDCP-split MRB.
Proposal 3: The EHC can be configured for the PDCP- split MRB.
Proposal 4: The HFN of MRB PDCP is indicated to the UE via unicast RRC message for delivery mode 1 and via MCCH for delivery mode 2.
Proposal 5: The UE can temporarily accelerate the moving of the PDCP reordering window.
Proposal 6: The PDCP reception window of PTM is not re-initialized at PDCP reestablishment.
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