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1 Introduction
This contribution discusses the remaining issues on initial HFN values [1]:
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).
FFS on the other options of setting the initial value of RX_DELIV to a value before RX_NEXT, e.g. due to HFN desync
2 Discussion
In RAN2#116e meeting, it was agreed that
In order to minimize the loss during MRB bearer type change, NW may configure UE to send a PDCP status report for the MRB bearer type change;
For MRB configured by upper layers to send a PDCP status report in the uplink (field statusReportRequired in PDCP-Config IE in RRC), the receiving PDCP entity shall (based on the RRC reconfiguration message from the network) trigger a PDCP status report in case of MRB type change; 
NW is required to configure a bidirectional PTP leg (e.g. either PTP-only MRB or split MRB) if statusReportRequired is provided. It is up to network in which case statusReportRequired is configured.
As agreed above, the PDCP status report may be configured and triggered during RRC based MRB bearer type change. 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. In this case, the initial value of HFN should be indicated by the gNB. Otherwise, the gNB cannot know the accurate COUNT value in the PDCP SR.
The initial value of HFN of an MRB should be indicated to UE e.g. for PDCP SR during RRC based bearer type change. 
If the initial value of HFN is indicated by RRC from gNB, there may be HFN desynchronization issue. Due to propagation delay, UE processing delay and misalignment transmission between gNB-CP and gNB-UP (e.g. since the RRC configuration is provided by gNB-CP while the SN in the PDCP header is added by gNB-UP, there is extra timing misalignment between CP/RRC configuration and UP/data transmission in case of gNB-CP and gNB-UP split architecture), the UE may receive the initial HFN after the SN wrapping around while the gNB sent it before the SN wrapping around. Then the UE uses indicated HFN in the RRC signalling as the initial HFN, however, the real HFN should be HFN+1, in which case HFN desynchronization between UE and gNB happens.


Figure 1. Issue of HFN ambiguity between UE and NW for a MRB due to SN wrapping around
In order to avoid PDCP HFN desynchronization, a reference SN together with an indicated initial value of HFN can be configured by the gNB. The reference SN is used for the UE deciding whether SN wrapping around happened. If the If the SN wrapping around happened, the UE uses the ‘indicated HFN’+1 as the initial HFN value. Otherwise, the UE uses the indicated HFN as the initial HFN.


Figure 2. Reference SN based solution
Taking 12bits length SN as an example, the value range of SN is 0...4095. The SN wraps around for every 4096 packets (PDCP SDUs). 
When configuring a MRB to the UE for a MBS session, the gNB provides the reference SN as well as the indicated HFN to the UE. For an example, the value of the reference SN can be configured as ‘2048’ and the value of indicated HFN can be configured as ‘100’. 
After the MRB configuration, the UE starts to receive the data of the MRB. The UE read the SN value of the first received packet. If the SN value of the first received packet is larger than or the same with the value of the reference SN i.e. >=2048, the UE thinks SN wrapping around has not happened and set the initial value HFN as the value of the indicated HFN i.e. 100.  If the SN value of the first received packet is smaller than the value of the reference SN, i.e. < 2048, the UE can deduce that SN wrapping around has happened and increment the initial value of HFN by 1, or set the initial value of HFN as the value of the indicated HFN incremented by 1, i.e. 101.
Besides the initial value of HFN, a reference SN is indicated to the UE to avoid ambiguity of HFN.
There is another FFS on the other options of setting the initial value of RX_DELIV to a value before RX_NEXT, e.g. due to HFN desync. In RAN2#116e meeting, it was agreed that:
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.
We don’t expect other options since the solution listed above is following the same principle as Sidelink, and it can work well.
RAN2 confirms 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 and no other options are expected.
3	Conclusion
This paper further discusses the remaining issues on initial HFN values and the following proposals are made:
1. The initial value of HFN of an MRB should be indicated to UE e.g. for PDCP SR during RRC based bearer type change. 
1. Besides the initial value of HFN, a reference SN is indicated to the UE to avoid ambiguity of HFN.
1. RAN2 confirms 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 and no other options are expected.
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