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Introduction
The HFN issues and initialization of PDCP state variables have been discussed in the last meeting. The related agreements are listed below.
RAN2#116-e: 
· 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). 
· 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.

In this document, we discuss the need of HFN and the initial value of HFN and RX_DELIV. 
HFN related issues
In our understanding, COUNT value is used for most PDCP functions like PDCP reordering, duplicate detection, discarding, PDCP SR, etc. If HFN is not used, it will lead great influence to current specs. For sidelink, the HFN part is ignored, since the traffic load are small and SN number will not wrap around. For MBS, the traffic load may be similar to unicast, So HFN should be reused as legacy NR PDCP for multicast services.
Proposal 1: For NR multicast, The HFN is used for the COUNT value of PDCP PDU. 
If HFN is used, it need to be synchronized with network since the COUNT value consist of HFN and SN. PDCP SN is carried in the header of PDCP PDUs, while HFN starts from 0 in legacy unicast. For unicast, sessions always start after UE connected to network, so HFN start from 0 works well without network indication. But for multicast services, UE may connect to network after session activate and HFN may not started from 0. So HFN synchronization is needed. 
Observation 1: For NR multicast, HFN may not start from 0. HFN synchronization between UE and network is needed
If HFN is indicated by RRC signalling, there will be HFN desynchronization issue due to UE processing delay and misalignment transmission between gNB-CP and gNB-UP. That is, initial HFN is indicated by RRC configuration, which is provided by gNB-CP. PDCP SN is carried in the header of PDCP PDUs (gNB-UP), there is extra timing misalignment between CP and UP in case of CP/UP split architecture. UE may receive PDCP PDUs with SN wrapped around before receiving HFN indication, which may lead to HFN ambiguity.
Observation 2: HFN desynchronization issue may happened if only HFN is indicated by gNB.
However, HFN desynchronization can be solved if configured properly. That is, the initial value of HFN is indicated with related PDCP SN to avoid HFN ambiguity. Legacy PDCP have a HFN self-checking mechanism to perform HFN+1 or HFN-1 automatically when the SN of the received PDU is too different from the SN reference value (i.e. SN of RX_DELIV).
TS 38.323:
	At reception of a PDCP Data PDU from lower layers, the receiving PDCP entity shall determine the COUNT value of the received PDCP Data PDU, i.e. RCVD_COUNT, as follows:
-	if RCVD_SN < SN(RX_DELIV) – Window_Size:
-	RCVD_HFN = HFN(RX_DELIV) + 1.
-	else if RCVD_SN >= SN(RX_DELIV) + Window_Size:
-	RCVD_HFN = HFN(RX_DELIV) – 1.
-	else:
-	RCVD_HFN = HFN(RX_DELIV);
-	RCVD_COUNT = [RCVD_HFN, RCVD_SN].


Observation 3: Legacy PDCP can check and correct HFN automatically with reference COUNT value (i.e. RX_DELIV).
Thus, UE can set RX_DELIV to [HFN, related SN] indicated by network to solve the HFN desynchronization issue. This RX_DELIV value represents the COUNT value of the first PDU which gNB will transmit to UE.
Considering the need of reliability, RRC signalling should be used for HFN and SN indication. 
Proposal 2: For multicast MRB, The initial value of HFN and related PDCP SN is indicated by RRC signalling from gNB. The COUNT value of HFN and related SN indicates the first PDU that gNB will transmit to UE.
Proposal 3: For multicast MRB, UE set RX_DELIV to the HFN and related PDCP SN indicated by gNB. The value of HFN and related SN indicates the COUNT of the first PDU that gNB will transmit to UE.
Initialization of RX_DELIV
In the last meeting, agreement has been made that the initial value of RX_DELIV is set to a value before RX_NEXT. However, the specific RX_DELIV value should be discussed.
Option 1: The initial value of RX_DELIV is set to a fixed value before RX_NEXT.
If the initial value of RX_DELIV is set to a fixed value (e.g. (RX_NEXT – 0.5 × 2[PDCP-SN-Size–1]) modulo (2[PDCP-SN-Size])), there will be different scenarios with potential data loss/latency since UE do not know the COUNT value of the first transmitted PDU.
Scenario 1: The COUNT of the first transmitted PDU is smaller than RX_DELIV.
Scenario 2: The COUNT of the first transmitted PDU is bigger than RX_DELIV.
For scenario 1, the COUNT of the first transmitted packet is smaller than initial RX_DELIV. There still be data loss between the first transmitted packet and RX_DELIV because PDUs which COUNT<RX_DELIV will be discard.
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Observation 3: If the COUNT of the first transmitted PDU is smaller than RX_DELIV, data loss still exists.
For scenario 2, the initial value of RX_DELIV is smaller than the COUNT of the first transmitted packet. According to current specs, UE will store the received PDUs in reception buffer since RX_DELIV< RX_NEXT, and t-reordering will start. However, t-reordering will always expire since the PDUs with COUNT smaller than the first transmitted PDU will never be received. After MRB initialization, UE always needs to wait for timer expire to deliver received PDUs to upper layer. This latency may be unacceptable especially for cases with long t-reordering timer.
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Observation 4: If RX_DELIV is set to a value before the first transmitted PDU, it may bring unacceptable latency.
Therefore, it is better to set RX_DELIV to the exact COUNT of the first transmitted PDU of network. 
Option 2: The initial value of RX_DELIV is set to HFN and related PDCP SN indicated by gNB.
The value of HFN and related SN indicates the COUNT of the first PDU that network will transmit to UE. By option 2, RX_DELIV can be set to the exact COUNT of the first transmitted PDU from network (i.e. scenario 3).
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For scenario 3, there won’t be data loss, and latency is acceptable. This is because the size of reception buffer is equal to the gap between the first transmitted PDU and first received PDU. After receiving all data PDUs in reception buffer, the t-reordering will stop and data PDUs will be delivered to upper layer. That is, t-reordering will not always expires.
Considering the HFN initialization issue discussed in the previous section, the initial value of HFN and related PDCP SN is indicated by gNB by RRC signalling, and RX_DELIV is set to the HFN and related PDCP SN indicated by gNB, which represent the COUNT value of the first PDU that gNB will transmit to UE. This is also benefit for the initialization of RX_DELIV. With this configuration, data loss can be reduced without introducing additional latency.
Observation 5: It is benefit for the RX_DELIV initialization to set RX_DELIV to the HFN and related PDCP SN indicated by gNB, which can reduce data loss without introducing additional latency.
Conclusion
In this contribution, the following observations are made: 
Observation 1: For NR multicast, HFN may not start from 0. HFN synchronization between UE and network is needed
Observation 2: HFN desynchronization issue may happened if only HFN is indicated by gNB.
Observation 3: Legacy PDCP can check and correct HFN automatically with reference COUNT value (i.e. RX_DELIV). 
Observation 4: If the COUNT of the first transmitted PDU is smaller than RX_DELIV, data loss still exists.
Observation 5: If RX_DELIV is set to a value before the first transmitted PDU, it may bring unacceptable latency.
Observation 6: It is benefit for the RX_DELIV initialization to set RX_DELIV to the HFN and related PDCP SN indicated by gNB, which can reduce data loss without introducing additional latency. 

Based on these observations, the following proposals are made: 
Proposal 1: For NR multicast, The HFN is used for the COUNT value of PDCP PDU. 
Proposal 2: For multicast MRB, The initial value of HFN and related PDCP SN is indicated by RRC signalling from gNB. The value of HFN and related SN indicates the COUNT of the first PDU that gNB will transmit to UE.
Proposal 3: For multicast MRB, UE set RX_DELIV to the HFN and related PDCP SN indicated by gNB. The value of HFN and related SN indicates the COUNT of the first PDU that gNB will transmit to UE.
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