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Introduction
During [AT117-e][042][MBS] discussion in the RAN2#117e meeting[1], the issue of negative HFN was identified[2] and in order to address this issue, the following solutions were discussed:
· Option 1) set RX_DELIV = 0 when the negative HFN is expected
· Option 2) NW implementation can avoid HFN<0 by configuration of initial HFN.
After discussion, an agreement was achieved assuming NW implementation can handle this issue:
	· 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)


After some further thinking, however, there will be other issues if we leave it to NW implementation, i.e. the network should always set the indicated HFN > 0. Specifically, at the beginning of a MBS session, this will make PDCP COUNT larger than MBS QFI SN (which would normally starts from 0), and PDCP COUNT will reach the upper limit earlier than the MBS QFI SN. In this case, it is difficult for the gNB to maintain even the normal PDCP operation. In this contribution, we will elaborate on the details and try to propose a simple solution.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
2.1 Background 
Before discussing how to prevent negative HFN, we will provide some background information related to the basic understanding of initial HFN indication. In the RAN2#116 meeting, there were agreements that gNB should indicate initial value of HFN and reference SN to the UE in order to guarantee the HFN is synchronised by the gNB and UE:
	[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.


In the current PDCP specification, these agreements were captured as following:
	[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.


Based on the above description, UE can set the initial value of HFN based on the HFN and the reference SN. However, there may be different understandings about whose initial HFN value is set based on the indicated HFN: the initial HFN value of the first received packet, or the initial HFN value of RX_DELIV. We will analyse separately based on the two understandings. 
-  Understanding 1: UE sets HFN(RX_DELIV) based on the indicated HFN and then derive RCVD_HFN from HFN(RX_DELIV)
Taking the following as an example:
	· The gNB sends data [0,0] for a newly setup multicast session:

	Step 1: The gNB indicates HFN and reference SN as [0,0], and send PDCP PDU with SN=0
Step 2: UE sets HFN(RX_DELIV) as 0 based on indicated HFN and reference SN and sets SN(RX_DELIV)=3072.
	-	if RCVD_SN < SN(RX_DELIV) – Window_Size:
-	RCVD_HFN = HFN(RX_DELIV) + 1.


Step 3: Then, UE sets RCVD_HFN as HFN(RX_DELIV) + 1 = 1, according to right formula in 5.2.2.1 of TS 38.323. 

	· In this case, the value of variables maintained by UE are: RX_DELIV = [0, 3072] and RCVD_COUNT = [1, 0]. However, the RCVD_COUNT maintained by the gNB is [0, 0].


Obviously, HFN desynchronization will happen between gNB and UE which makes HFN indication pointless as anyway it doesn’t prevent the desynchronization. This violates the very first motivation of introducing the HFN indication in MBS and makes companies’ previous efforts in vain. So we should not pursue this understanding.
Observation 1: If UE sets HFN(RX_DELIV) based on the indicated HFN and then derive RCVD_HFN from HFN(RX_DELIV), HFN desynchronization will occur, which makes HFN indication pointless. 
-  Understanding 2: UE sets RCVD_HFN based on the indicated HFN and then derive HFN(RX_DELIV) from RCVD_HFN.
Taking the same example:
	· The gNB sends data [0,0] for a newly setup multicast session:

	Step 1: The gNB indicates HFN and reference SN as [0,0], and send PDCP PDU with SN=0
Step 2: UE sets RCVD_HFN as 0 based on indicated HFN and reference SN and sets RCVD_SN=0. UE sets the SN(RX_DELIV)=3072.
	-	if RCVD_SN < SN(RX_DELIV) – Window_Size:
-	RCVD_HFN = HFN(RX_DELIV) + 1.


Step 3: Then, UE sets HFN(RX_DELIV) as HFN(RX_DELIV) -1 = - 1, according to right formula in 5.2.2.1 of TS 38.323. 

	· In this case, the value of variables maintained by UE are: RX_DELIV = [-1, 3072] and RCVD_COUNT = [0, 0]. And the RCVD_COUNT maintained by the gNB is also [0, 0].


In this case, there is no HFN desynchronization issue which is solved by HFN indication as agreed. But negative HFN will happen for RX_DELIV. And we prefer this understanding and intend to solve the negative HFN issue with a minor clarification in the following sections.
Proposal 1: Confirm the understanding that UE sets RCVD_HFN based on the indicated HFN and then derive HFN(RX_DELIV) from RCVD_HFN.
2.1 Problem with the current agreement
The issue of negative HFN is discussed during last meeting and based on the current agreement, the gNB can always configure a HFN which is larger than zero to UE. However, to ensure lossless behaviour, RAN3 has agreed to use MBS QFI SN which has the same length of the PDCP COUNT, to help different gNBs set the PDCP COUNTs of the same packet consistently. 
With the above RAN2 agreement, the gNB may need to set HFN=1 and PDCP SN=0 for MBS QFI SN=0. As a result, gNB maintained HFN is always larger than the “HFN” part of MBS QFI SN, as the below figure shows:
[image: ]
In this case, although negative HFN is avoided, another issue occurs. As the above figure illustrates, when the value of “HFN” part of MBS QFI SN is 2HFN_size-2, the gNB maintained HFN will be 2HFN_size-1, making PDCP COUNT approaching the upper limit. In order to avoid PDCP COUNT wrapping around, the gNB will need to re-establish the MRB. However, even after MRB re-establishment when CN packets in the dashed box arrive carrying MBS QFI SN larger than [2HFN_size-2, 2SN_size-1], the gNB will not know how to handle the corresponding PDCP COUNTs. 
Observation 2: Current gNB implementation may not work well to prevent negative HFN from happening. 
2.2 Candidate options
As far as we can see, there are two options to make things work.
Option 1: Stick to the current agreement and send assistant information to CN to help CN set some restrictions on how to properly allocate MBS QFI SN.
To cope with the problem described in Section 2.1, CN should know which MBS QFI SNs will lead to unreasonable PDCP COUNT value that exceeds the upper limit according to gNB’s rule of setting COUNT, and CN should not use such MBS QFI SNs and should restarts from 0. This requires assistance information from gNB to CN, i.e. how MBS QFI SN is mapped to COUNT at gNBs etc. Otherwise CN doesn’t have enough information to decide on the restrictions on MBS QFI SNs allocation. RAN2 should send an LS to SA2 for this option. 
Option 2: Clarify that UE should set the RX_DELIV to 0 when the calculated RX_DELIV < 0.
[bookmark: _GoBack]For this solution, the problem described in Section 2.1 will not exist as gNB can directly set PDCP COUNT to MBS QFI SN (which is also the intention when agreeing on MBS QFI SN with the same size of PDCP COUNT). The issue of negative HFN will be avoided, and HFN synchronization can be maintained between gNB and UE. One may say that there is a principle for the values of variables to be non-negative. But this is just a general description and the intension is not to solve the negative issue as there is no such issue in legacy. Regarding how UE behaves when negative variable happens (set only the negative part to zero or the whole part to zero, or to a positive value UE selects randomly), it is not quite clear yet. So a simple clarification on UE behaviour is needed to avoid unexpected UE behaviour.
Comparing these two options, although option 2 will reverse the agreement made in last meeting, it can avoid plenty of complex work related with both standard and NW implementation. Therefore, we would like to ask RAN2 to consider option 2.
Proposal 2: Clarify that UE should set the RX_DELIV to 0 when the calculated RX_DELIV < 0.
Conclusion 
Based on the above discussion, we have the following proposal: 
Observation 1: If UE sets HFN(RX_DELIV) based on the indicated HFN and then derive RCVD_HFN from HFN(RX_DELIV), HFN desynchronization will occur, which makes HFN indication pointless. 
 Observation 2: Current gNB implementation may not work well to prevent negative HFN from happening. 
Proposal 1: Confirm the understanding that UE sets RCVD_HFN based on the indicated HFN and then derive HFN(RX_DELIV) from RCVD_HFN.
Proposal 2: Clarify that UE should set the RX_DELIV to 0 when the calculated RX_DELIV < 0.
The corresponding Text Proposal is attached in Section 4.
Text proposal
[bookmark: _Toc12616387][bookmark: _Toc37127015][bookmark: _Toc46492132][bookmark: _Toc46492240][bookmark: _Toc100874301]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]. A variable shall be set to 0 if calculated to be negative.
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].
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