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Introduction
In the last RAN2 meeting, the HFN issues and initialization of PDCP state variables have been discussed for multicast DRX. The related agreement is listed below:
RAN2#117-e:
	On HFN < 0, The current derivation formula of initial RX_DELIV in 38.323 CR is kept. R2 assumes it is up to network implementation to ensure that HFN part of RX_DELIV should be a positive value (TS impact if any is FFS, e.g. a NOTE in RRC or PDCP)


The current derivation formula of initial RX_DELIV is kept in running CR 38.323 for now: 
	COUNT
The COUNT value is composed of a HFN and the PDCP SN. The size of the HFN part in bits is equal to 32 minus the length of the PDCP SN. For MRB, HFN with a reference SN can be provided by upper layers. If provided, the initial value of HFN is set according to the HFN and the reference SN. Otherwise, the initial value of HFN is set by UE implementation.
NOTE:	For MRB, the provisioning of HFN from the upper layer may cause HFN desynchronization. It is up to UE implementation to prevent HFN desynchronization by using the reference PDCP SN associated to the HFN.
……
RX_DELIV
……
For MRBs, the initial value of the SN part of RX_DELIV is set to (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. 


It is still FFS whether to add a NOTE in RRC or PDCP to ensure the HFN part of RX_DELIV to be a non-negative value.
In this paper, we further discuss the possibility of negative HFN value for multicast.
Discussion
During the MRB establishment, the network may configure the initial value of HFN and reference SN to UE for HFN synchronization. One possibility is that the network sets HFN and SN both to 0 (or set SN to a value smaller than 0.5 × 2[PDCP-SN-Size–1]) as the initial COUNT of PDCP data PDU. In this scenario, it seems the SN of the RX_DELIV may fall in the last SN round and let HFN to be the configured by initial HFN-1(RX_DELIV have to be smaller than RX_NEXT), which result a negative value to HFN of RX_DELIV [4]. 
According to the current PDCP spec, the value of HFN for the received PDCP PDU will be corrected in the following steps:
	-	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].



In the above scenario, the SN of RX_DELIV is in the range of [*2[PDCP-SN-Size],2[PDCP-SN-Size]-1], so when a PDCP PDU is received, it is not possible to have RCVD_SN >= SN(RX_DELIV) + Window_Size since it exceeds the SN range. 
It is also unlikely to be the else case, which SN is in the range of [*2[PDCP-SN-Size],*2[PDCP-SN-Size]] (calculated by the range of RX_DELIV- Window_Size). If the SN length is set to a proper value, the SN range will be large and the SN of the first received PDU is close to the initial PDCP PDU. 
The most likely scenario is RCVD_SN < SN(RX_DELIV) – Window_Size, which the SN of the receiving PDCU PDU SN is very small (smaller than [*2[PDCP-SN-Size],*2[PDCP-SN-Size]]) and lead to RCVD_HFN = HFN(RX_DELIV) + 1.
Therefore, in the above scenario, the HFN of the received PDCP PDU will not be set to negative value, but 0, even if the HFN of RX_DELIV is negative (-1). This issue (negative HFN of RX_DELIV) will not cause much problem to the COUNT of receiving PDCP PDU and will disappear soon by the moving of RX_DELIV value.
Observation 1: The issue of negative HFN value (-1) for RX_DELIV will not cause negative to the COUNT of receiving PDCP PDU and will disappear automatically by the moving of RX_DELIV.
According to R2-2202301, it may be hard for the network to ensure the configured initial HFN>0, since RAN3 already agreed to introduce a 32 bit “MBS QFI SN” to guide the gNB on the HFN and SN allocation, which means the HFN is determined by the CN rather than gNB.
Therefore, RAN2 can discuss whether to temporarily allow the value of HFN for RX_DELIV to be negative(-1 is enough, and this will not lead to negative HFN for PDCP PDUs) or up to network implementation to ensure that HFN part of RX_DELIV should be a positive value. No matter what is chosen, a NOTE should be added to PDCP to clarify this behaviour.
Proposal 1: RAN2 to decide on the option to fix potential HFN negative issue during HFN initialization:
Option1: The value of HFN for RX_DELIV is temporarily allowed to be negative (-1). (This will not lead to negative value to the COUNT of receiving PDCP PDU)
Option2: It is up to network implementation to ensure that HFN part of RX_DELIV is non-negative. (and to discuss whether this can be decided by gNB)
Proposal 2: Whether option1 or 2 is chosen, add a NOTE to PDCP for clarification.
The note for Option1 can refer to the annex.
Conclusion
In this contribution, the following observation is made:
Observation 1: The issue of negative HFN value for RX_DELIV will not cause negative to the COUNT of receiving PDCP PDU and will disappear automatically by the moving of RX_DELIV.
Based on the observation, the following proposals are made: 
Proposal 1: RAN2 to decide on the option to fix potential HFN negative issue during HFN initialization:
Option1: The value of HFN for RX_DELIV is temporarily allowed to be negative (-1). (This will not lead to negative value to the COUNT of receiving PDCP PDU)
Option2: It is up to network implementation to ensure that HFN part of RX_DELIV is non-negative. (and to discuss whether this can be decided by gNB)
Proposal 2: Whether option1 or 2 is chosen, add a NOTE to PDCP 38.323 for clarification.
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Annex: Text Proposal for PDCP

	RX_NEXT
This state variable indicates the COUNT value of the next PDCP SDU expected to be received. The initial value is 0, except for sidelink broadcast and groupcast, for SRBs configured with state variables continuation, and for MRBs. For NR sidelink communication for broadcast and groupcast, the initial value of the SN part of RX_NEXT is (x +1) modulo (2[sl-PDCP-SN-Size]), where x is the SN of the first received PDCP Data PDU. For MRBs, 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 target SRB configured with state variables continuation, the initial value is the value stored in PDCP entity for the corresponding source SRB. For source SRB configured with state variables continuation, the initial value is the value stored in PDCP entity for the corresponding target SRB.
NOTE:	For NR sidelink communication for broadcast and groupcast, it is up to UE implementation to select the HFN part for RX_NEXT such that initial value of RX_DELIV should be a positive value. For multicast MRBs, the initial value of HFN for RX_DELIV is temporarily allowed to be -1.
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