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1	Introduction
RAN2 has made the following agreements:
	for multicast MRB, 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.
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.
[027] HFN is needed for both multicast and broadcast. 
[027] For multicast, the initial value of HFN is indicated by the gNB via RRC.
[027] If the initial value of HFN is indicated by the gNB, a reference SN corresponding to the initial value of HFN can be indicated to the UE.
[027] For both multicast and broadcast, 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 RAN2#117e, it was discussed whether configuring initial value of HFN=0 would lead to negative values of RX_DELIV and what to do to avoid that [R2-2202301]. The following agreement was made:
	· 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)



2	Setting RX_DELIV for MBS
Based on the discussion it seems that companies have different views on how HFN of RX_DELIV should be set. Some companies assume that HFN of RX_DELIV is set to the initial HFN configured with RRC whereas others assume it is set according to similar rules defined for RCVD_HFN. TS 38.323 or RAN2 agreements do not explicitly tell how HFN(RX_DELIV) should be set.
Based on the agreement the initial value of RX_DELIV is set to a value before RX_NEXT. Furthermore, 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.
HFN of the received PDPC PDU (RCVD_HFN) is determined as follows [TS 38.323]:
-	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);
This uses both SN(RX_DELIV), which is now defined in TS 38.323, and HFN(RX_DELIV), which is not explicitly defined for MBS. Most companies seem to assume that HFN(RX_DELIV) should be determined as follows (HFN_initial and SN_ref provided by RRC for multicast):
-	if SN(RX_DELIV) < SN_ref – Window_Size:
-	HFN(RX_DELIV) = HFN_initial + 1.
-	else if SN(RX_DELIV) >= SN_ref + Window_Size:
-	HFN(RX_DELIV) = HFN_initial – 1.
-	else:
-	HFN(RX_DELIV) = HFN_initial;
This determination leads to negative HFN values if HFN_initial=0 and SN_ref < 0.5 × 2[PDCP-SN-Size–1] which is not allowed since all state variables are non-negative integers, and take values from 0 to [232 – 1].
In R2-2202301, it was proposed to define RX_DELIV as follows:
RX_DELIV = MAX (0, COUNT(x) - 0.5 × 2[PDCP-SN-Size–1]), where x is the SN of the first received PDCP Data PDU.
This works in principle but has a chicken and egg problem since it needs HFN of the first received PDCP PDU which is determined using HFN(RX_DELIV). 
RAN3 has agreed to introduce a new 32 bits “MBS-QFI-SN”. It would be simplest and most natural to set PDCP COUNT = MBS-QFI-SN when 1:1 mapping between MBS QoS flow and MRB is used. Therefore, requiring that the initial HFN is larger than 0 complicates the sync of COUNT values between network nodes. Therefore, it should be allowed to set HFN_initial = 0 and SN_ref = 0.
In order to guarantee HFN sync between UE and gNB for MBS, there are at least two options:
Option 1: Initial RX_DELIV is determined as follows:
-	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
-	if SN(RX_DELIV) >= SN_ref + Window_Size:
-	if HFN_initial = 0:
-	HFN(RX_DELIV) = 0 and SN(RX_DELIV) = 0.
-	else:
-	HFN(RX_DELIV) = HFN_initial – 1.
-	else:
-	HFN(RX_DELIV) = HFN_initial;
where HFN_initial and SN_ref provided by RRC for multicast.
Option 2: Initial RX_DELIV is configured by RRC, i.e., HFN and SN_ref provided by RRC are defined to provide RX_DELIV:
-	SN(RX_DELIV) = SN_ref
-	HFN(RX_DELIV) = HFN_initial;
where HFN_initial and SN_ref provided by RRC for multicast. Then it is up to network to configure the initial value of RX_DELIV that is before RX_NEXT.
Both options require that SN_ref is always configured.
Option 2 seems simpler; therefore, we propose:
Proposal: Initial RX_DELIV is configured by RRC: SN(RX_DELIV) = SN_ref and HFN(RX_DELIV) = HFN_initial where HFN_initial and SN_ref are provided by RRC for multicast.
4	Conclusion
Determination of HFN(RX_DELIV) was discussed and the following is proposed:
Proposal: Initial RX_DELIV is configured by RRC: SN(RX_DELIV) = SN_ref and HFN(RX_DELIV) = HFN_initial where HFN_initial and SN_ref are provided by RRC for multicast.
A corresponding text proposal to 38.323 is given below:

Text Proposal for TS 38.323
[bookmark: _Toc12616387][bookmark: _Toc37127015][bookmark: _Toc46492132][bookmark: _Toc46492240][bookmark: _Toc100874301][bookmark: _Toc12616379][bookmark: _Toc37127006][bookmark: _Toc46492122][bookmark: _Toc46492230][bookmark: _Toc100874290]6.3.5	COUNT
Length: 32 bits
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 MRBs, 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 MRBs, 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.


Figure 6.3.5-1: Format of COUNT
NOTE:	COUNT does not wrap around.
--------------------------------------------------
7.1	State variables
[bookmark: Signet14]This clause describes the state variables used in PDCP entities in order to specify the PDCP protocol. The state variables defined in this clause are normative.
All state variables are non-negative integers, and take values from 0 to [232 – 1].
PDCP Data PDUs are numbered integer sequence numbers (SN) cycling through the field: 0 to [2[pdcp-SN-SizeUL] – 1] or 0 to [2[pdcp-SN-SizeDL] – 1] or 0 to [2[sl-PDCP-SN-Size] – 1].
The transmitting PDCP entity shall maintain the following state variables:
a)	TX_NEXT
This state variable indicates the COUNT value of the next PDCP SDU to be transmitted. The initial value is 0, except for SRBs configured with state variables continuation. 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.
The receiving PDCP entity shall maintain the following state variables:
a)	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 or sidelink SRB4 for broadcast and groupcast based sidelink discovery, 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-SizeDL]), 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 or sidelink SRB4 for broadcast and groupcast based sidelink discovery, 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.
b)	RX_DELIV
This state variable indicates the COUNT value of the first PDCP SDU not delivered to the upper layers, but still waited for. 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 or sidelink SRB4 for broadcast and groupcast based sidelink discovery, the initial value of the SN part of RX_DELIV is (x – 0.5 × 2[sl-PDCP-SN-Size–1]) modulo (2[sl-PDCP-SN-Size]), where x is the SN of the first received PDCP Data PDU. For broadcast 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, and the initial value of HFN is set by UE implementation. For multicast MRBs, the initial value of the RX_DELIV is set to multicastHFN-AndRefSN. 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.
c)	RX_REORD
This state variable indicates the COUNT value following the COUNT value associated with the PDCP Data PDU which triggered t-Reordering. 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.
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