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1 Introduction

In RAN2#107, RAN2 agreed that the rule of initial value of RX_NEXT follows LTE rule for groupcast and broadcast. 

	22:
The initialized PDCP state variable, i.e., RX_NEXT, in the receiving PDCP entity is set to 0 for unicast. The initialized PDCP state variable set, i.e., RX_NEXT, in the receiving PDCP entity follows the LTE rule for groupcast and broadcast.


In the PDCP running CR [1], it was captured as follows:

	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 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. 
Editor’s Note: The HFN part of RX_NEXT is FFS.
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 NR sidelink communication for broadcast and groupcast, 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.
Editor’s Note: The HFN part of RX_DELIV is FFS.


This contribution would like to discuss mainly initial HFN values of RX_NEXT and RX_DELIV.
2 Discussion
During RAN2 email discussion on PDCP running CR [2], how to set the initial HFN values of RX_NEXT and RX_DELIV was discussed for broadcast and groupcast. Majority companies seem to fully leave it up to UE implementation. It is true that HFN is not used for security purpose in NR V2X broadcast/groupcast. Therefore, HFN synchronization between TX and RX is not required at all. So, each UE could arbitrarily choose HFN value of PDCP state variable by UE implementation.

However, RX_NEXT and RX_DELIV are tightly coupled together. RX_DELIV indicates the COUNT value of the first PDCP SDU not delivered to the upper layer and RX_DELIV indicates that of the next PDCP SDU expected to be received. So, RX_DELIV is always smaller than or equal to RX_NEXT. RX_DELIV = RX_NEXT means that RX PDCP does not detect missing PDU which has been transmitted by TX PDCP. Otherwise, i.e. RX_DELIV <= RX_NEXT, there is at least one stored SDU so t-reordering is started.
Observation 1. RX_DELIV should be always smaller than or equal to RX_NEXT.
In NR PDCP, the unit of all state variables is COUNT value and PDCP sequence number is wrapped around. The HFN of RX_DELIV is used for determination of HFN of a received PDCP PDU. In order to avoid the ambiguity on HFN determination of the RX PDCP, the difference between RX_DELIV and RX_NEXT should be always smaller than Window_Size. Otherwise, PDCP receive operation does not work.
Observation 2. HFN values of RX_DELIV and RX_NEXT shall not be determined independently.

The principle of initial variable setup of LTE V2X is to give a SN gap of 0.5*Window_Size between Next_PDCP_RX_SN and Next_PDCP_RX_SN. Considering SN wrap around, the equivalent relation of RX_NEXT and RX_DELIV in NR should be 

RX_NEXT = RX_DELIV + 0.5*Window_Size + 1. 

(1)

Note that COUNT value of the first received PDCP PDU will be RX_DELIV + 0.5*Window_Size which is automatically derived by the existing formula in 5.2.2.1 [3], as follows:
	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].


The exact HFN value is not important at all, since there is no security using HFN. So UE implementation could choose the initial value of HFN of one of RX_DELIV and RX_NEXT. Once one is determined by HFN and SN value, the other one will be derived by formula (1). Then, next PDCP receive operation will perform normally.
Observation 3. For sidelink broadcast/groupcast, initial values of RX_NEXT and RX_DELIV shall have the following relation: RX_NEXT = RX_DELIV + 0.5*Window_Size + 1.
Regarding which HFN is determined first should be decided, we have two options: A) RX_NEXT or B) RX_DELIV.
Option A. HFN of RX_NEXT is determined by UE implementation. RX_DELIV = RX_NEXT – 0.5*Window_Size - 1.
· In this option, UE should avoid HFN = 0 because RX_DELIV may have a negative value. So, UE can choose HFN > 0 of RX_DELIV by UE implementation.
Option B. HFN of RX_DELIV is determined by UE implementation. RX_NEXT = RX_DELIV + 0.5*Window_Size + 1.

· In this option, HFN = 0 does not have a problem. RX_DELIV is determined first with non-negative value. RX_NEXT is always greater than or equal to RX_DELIV. Even we can fix the initial HFN to 0. 
Both options work. If we go for Option A, we can update the current text as follows:
Proposal 1A: Add a Note that the HFN part of RX_NEXT can be left to UE implementation as such that initial value of RX_DELIV should be a positive value.
Proposal 2A. Not to add a note on HFN part of RX_DELIV. The initial value of RX_DELIV is equal to RX_NEXT - 0.5*Window_Size - 1.

The corresponding TP is

	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 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. 
Editor’s Note: The HFN part of RX_NEXT is up to implementation as 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 NR sidelink communication for broadcast and groupcast, the initial value is RX_NEXT – 0.5*Window_Size -1.



During the discussion, companies seem not to want to add the “non-zero” restriction of HFN of RX_NEXT. Option 2 does not require such restriction. We are also fine with Option B. We propose:

Proposal 1B: Add a Note that the HFN part of RX_DELIV can be left into UE implementation. 
Proposal 2B. Not to add a note on HFN part of RX_NEXT. The initial value of RX_NEXT is equal to RX_DELIV + 0.5*Window_Size + 1.

The corresponding TP is:

	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 NR sidelink communication for broadcast and groupcast, the initial value is RX_DELIV + 0.5*Window_Size + 1.

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 NR sidelink communication for broadcast and groupcast, 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.
Editor’s Note: The HFN part of RX_DELIV is up to UE implementation.


3 Conclusion
Based on the above, RAN2 is requested to capture the following proposal:
Proposal: RAN2 to agree either Proposal 1A/2A or 1B/2B.
Option A
· Proposal 1A: Add a Note that the HFN part of RX_NEXT can be left to UE implementation as such that initial value of RX_DELIV should be a positive value.
· Proposal 2A. Not to add a note on HFN part of RX_DELIV. The initial value of RX_DELIV is equal to RX_NEXT - 0.5*Window_Size - 1.

Option B
· Proposal 1B: Add a Note that the HFN part of RX_DELIV can be left into UE implementation. 
· Proposal 2B. Not to add a note on HFN part of RX_NEXT. The initial value of RX_NEXT is equal to RX_DELIV + 0.5*Window_Size + 1.
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