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 Introduction
In last RAN2 meeting, through company CRs, it was found that during PDCP re-establishment,

PDCP variables in different scenarios (e.g., PDCP suspend or non-suspend) are reset to "initial value",
however in existing spec, PDCP entity of one MRB can only be initialized with network-provided HFN/SN,
and in current 331, network is limited to provide such HFN/SN during MRB setup, but not others.
Therefore, during PDCP re-establishment, the PDCP variables will be initialized to a initial value that points to nowhere, which then result in an abnormal or a "bug". 

This paper discusses the issues and solutions (with CRs): stage 2 agreements were re-visited to give a more reasonable choice for the future CR.
 Discussion

There are actually related discussion in RAN3 we will touch a moment later, that will be affected by RAN2 decision. Therefore, in the discussion we will try to offer the perspective beyond RAN2's. We will start from RAN2 though.
 RAN2 issue

 progress from last meeting

Since there was no full picture of the issue among companies in the initial phase of the discussion, it was hard to achieve a solution that meets all scenarios (PDCP suspend or non-suspend) and all cases (MRB type, AM or UM). 

Still, we were able to make a progress that, for UM MRB, network shall be allowed to reconfigure the initial value of PDCP variables. As for AM MRB, FFS is needed. 
RAN2 119-e agreement:

- Allow configuration of initial value of RX_DELIV also when PDCP is re-established for UM MRB. FFS AM MRB, if a fix is needed.

Also on the suspend section of one PDCP, how the correction shall be reflected (e.g., in 38.323) needs company's further discussion per Chair's guide.
P16: when upper layers request a PDCP entity suspend for the multicast MRB, no specific behavior is needed for RX_NEXT and RX_DELIV, i.e. no initialization for RX_NEXT and RX_DELIV [10].

-Chair: Companies are to coordinate on the issue related to P16 and this can be rediscussed during the next meeting.

Holistic review on the issue, e.g., legacy PDCP re-establishment scenarios, RRC aspects on MRB configuration, and how to correct the issue, needs to be done in RAN2 before a solution is chosen.

 legacy PDCP re-establishment scenarios
In current PDCP spec, we can find that state variables of PDCP entity initialization happens in following cases: PDCP entity establishment, PDCP entity re-establishment, PDCP entity suspend, as in Annex 5.1
Based on current spec, there will be at least two scenarios in which PDCP entity behaves differently:
PDCP non-suspend scenarios, e.g., PDCP re-establishment initiated by RRC reconfig (reestablishPDCP set to true) which indicates that PDCP should be re-established. Network sets this to true whenever the security key used for this radio bearer changes. Although there is no security change for MRB in AS layer, this IE is applicable for MRB from spec perspective.
In such case, PDCP of AM MRB fortunately survived since there is no PDCP suspend phase. PDCP of UM MRB unfortunately is reset to initial value.

PDCP suspend scenario, e.g., PDCP entity was suspended, e.g., during RRC release with suspend & RRC resume from suspend, or during RRC re-establishment. There are two phases though compared to the non-suspend scenario:
during the suspend phase, variables are reset to initial value. 

in the re-establishment phase, again, network reset the PDCP variables of UM MRB but not AM MRB.

PDCP re-establishment can be triggered by: 1/ explicit RRC reconfig signaling (i.e., reestablishPDCP set to true); 2/ specific event including, RRC release with suspend, RRC resume from suspend, and RRC re-establishment.

In following table we have summarized how different scenarios can affect the receiving PDCP variables.
	scenarios
	scenario 1, PDCP non-suspend scenarios

// including explicit re-establishment signaling in RB config
	scenario 2, PDCP suspend

// including RRC suspend/resume, RRC re-establishment/resume (during first RRCReconfiguration message after successful completion of the RRC re-establishment)

	step 1
	void

// no suspension process, but immediately a re-establishment indicated by RRC reconfig signaling.
	PDCP suspend

- in which all variables reset to initial value (for both AM MRB and UM MRB) according to 38.323 in section 5.1.4 PDCP entity suspend

	step 2
	PDCP re-establishment in which UM MRB is set to initial value according to 5.1.2 PDCP entity re-establishment
	PDCP variables reset for UM MRB according to 5.1.2 PDCP entity re-establishment

	observation
	for only UM MRB, the PDCP variables are initialized.
	for both UM and AM MRB, the PDCP variables are initialized.


For only UM MRB, the receiving PDCP variables are initialized during explicit RRC reconfig signaling triggered re-establishment.

For both UM and AM MRB, the receiving PDCP variables are initialized during PDCP suspend scenarios, e.g., RRC suspend/resume, RRC re-establishment/resume (during first RRCReconfiguration message after successful completion of the RRC re-establishment).

Before we dive into how to offer the corrections, we'd like to see how we have come to here. 
 observed issues in current spec
Based on current spec and stage 2 agreements, we have following observations:
2020-11 RAN2 112-e

In order to support the lossless handover for 5G MBS services, at least DL PDCP SN synchronization and continuity between the source cell and the target cell should be guaranteed by the network side to realize. The design of specific approach to realize this can be involved with WG RAN3.

2021-08 RAN2 115-e

For PTM PDCP state variables setting while configured, the SN part of COUNT values of these variables are set according to the SN of the first received packet (by the UE) and the HFN indicated by the gNB, if needed.

2021-11 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).

2022-01 RAN2 116bis-e
[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] For broadcast, the initial value of HFN is selected by the UE.

[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.
Stage 2 agreement does not limit network to provide the HFN and reference PDCP SN value to UE only at MRB Setup.
PDCP-Config ::=         SEQUENCE {

///
    initialRXDELIV      BIT STRING (SIZE (32))                                       OPTIONAL    -- Cond MRB-Initialization
}

	Conditional presence
	Explanation

	SetupOnlyMRB
	This field is mandatory present in case of multicast MRB setup. Otherwise, this field is absent, Need N.


However, in 38311-h10, MRB-Initialization can only be configured to UE during MRB setup (and mandatory present), but not during PDCP re-establishment (either 1/ during explicit PDCP re-establishment in PDCP-config or 2/ during RRC resume after suspension) or any other case.

 possible corrections

There are a few options to do the correction. We can either avoid resetting the variables (as in option 1) in PDCP suspend section and also PDCP re-establishment section (e.g., make it an exception for UM MRB in PDCP re-establishment section), or let network offer the value again (option 2 and 3). Such correction is inevitable (to 331 or 323) for both UM and AM MRB. 
Option 1. PDCP variables are continued during PDCP re-establishment, i.e., do not set PDCP variables to initial value, e.g., CR to introduce exceptions in 38.323 for both the PDCP suspension section (for both AM and UM MRB and re-establishment section (for UM MRB). Companies suggested that there is no need do the re-initialization, as no data would be received anyway, i.e., existing PDCP variable stays as it is. This CR brings no change to 38.331 behaviour. 

however, this solution might be flawed, as there might still be data being transferred (e.g., to other UEs). While for one UE whose MRB is being suspended/resumed, there could be sync issues between network and UE. This is the exact issue we have been trying to avoid throughout Rel-17.
Option 2. Add exception to 38.331 to allow reconfiguration to HFN/SN other than MRB setup, i.e., during PDCP re-establishment, lifting up the restriction of condition. Two CRs might be needed: one in 38.323 to allow reconfigure AM MRB as well in the PDCP re-establishment section, and one in 38.331 to change the HFN configuration condition to include PDCP re-establishment.
Option 3. The reference HFN and SN can be configured to UE anytime needed, i.e., do not limit when network is allowed to offer the value. and if such HFN is absent, it is left to UE implementation. Network is always allowed to send such reference HFN to UE to avoid sync issue. CR to 331 is needed to lift the condition, and to 323 to tell UE it is UE implementation if configuration is not available. 

To correct current issue, we can either avoid resetting the variables (as in option 1) in PDCP suspend section and also PDCP re-establishment section (e.g., make it an exception for UM MRB in PDCP re-establishment section), or let network offer the value again (option 2 and 3).

If the PDCP variables are continued during PDCP suspend and/or re-establishment, there might be PDCP variable sync issue between UE and network.

There are 3 options to correct the spec: Option 1. PDCP variables are continued during PDCP re-establishment; Option 2. Add exception to 38.331 to allow reconfiguration to HFN/SN other than MRB setup; Option 3. The reference HFN and SN can be configured to UE anytime needed.

Option 1 is not preferred as there might still sync issue. For option 2 and 3, we can either allow network to configure PDCP variable also during PDCP re-establishment, or anytime. Before making any decision here, we'd like cover RAN3 and SA2 concern in the next section.
 Concerns from RAN3/SA2 perspective

In RAN3 117-e meeting, an issue was found that network might not be able to offer the MRB config in time:

there might be cases that traffic only arrives in gNB later than UE join in the multicast session.
without real data and its associated per flow SN on NG-U, gNB is not able to offer the PDCP COUNT configuration to UE. (In current spec, initialRXDELIV needs to be configured to UE during MRB setup)
therefore gNB either configure UE later when data arrives, or configure UE in the MRB configuration without initialRXDELIV which however is not allowed.
If gNB only configures UE later when data arrives, in case there is a traffic gap for an active Multicast session (which is quite possible)
there will be a configuration delay on Uu (and as companies in RAN3 also pointed out, such delay can result in even worse consequences for HO case, as the MRB config of the new cell has to be configured to UE only after data arrives in the new cell. Such delay might have unexpected result during HO cases which are sensitive to latency).
if gNB holds the MRB configuration till data arrives to gNB in UP, there might be risk more than delay, it is that gNB has to configure multiple UEs simultaneously later when data arrives.
 In case of an active multicast session but there is temporarily no data, there might be a delay to configure UE in Uu interface.
 RAN3 is waiting for RAN2's decision whether initialRXDELIV can be re-configurable as in option 3 above.

There might be potential SA2 issue too. The decision made by RAN2 asks that the session management signaling needs to wait until MRB configuration is finished (as in TS 23.247, Figure 7.2.1.3-1, in Annex 5.2), which might result in unexpected delay or even timer out.

 Current RAN2 decision on providing mandatory initialRXDELIV during MRB setup could result in session management and 5GC internal signaling delay.
 Conclusion
Coupling AS layer configuration, i.e., HFN value, with session layer parameters, i.e., per flow GTP-U SN, and coupling UP configuration with CP, as we have observed, could result in unexpected behaviour either at UE or network side. 

We suggest taking option 3 of the potential CR proposed in section 2.1.4, i.e., making the reference initialRXDELIV as an optional parameter, instead of mandatory to avoid any issue above, and any possible future issue.

Change initialRXDELIV to an optional Need N parameter in RRC reconfiguration without condition limit.
// Two CRs to 38.331 and 38.323 are provided in separate tdocs:
R2-2209747
CR to TS 38.323 on PDCP initialisation 
R2-2209748
CR to TS 38.331 on MRB configuration

 Reference

R2-22xxxxx

 Annex

 PDCP state variables initialization

Quoted highlighted parts are PDCP variables are reset, 

PDCP entity establishment,
38.323 h10
5.1
PDCP entity handling

5.1.1
PDCP entity establishment

When upper layers request a PDCP entity establishment for a radio bearer for Uu or PC5 interface; or for NR sidelink communication for groupcast and broadcast or for sidelink SRB4, when receiving the first PDCP PDU, and there is not yet a corresponding PDCP entity, the UE shall:

-
establish a PDCP entity for the radio bearer;

-
set the state variables of the PDCP entity to initial values;

-
follow the procedures in clause 5.2.

NOTE:
The receiving PDCP entity of sidelink SRB0 and sidelink SRB1 is established same as NR sidelink groupcast and broadcast.

PDCP entity re-establishment,
5.1.2
PDCP entity re-establishment

When upper layers request a PDCP entity re-establishment, the UE shall additionally perform once the procedures described in this clause for Uu or PC5 interface. After performing the procedures in this clause, the UE shall follow the procedures in clause 5.2.

...

When upper layers request a PDCP entity re-establishment, the receiving PDCP entity shall:

-
process the PDCP Data PDUs that are received from lower layers due to the re-establishment of the lower layers, as specified in the clause 5.2.2.1;

...

-
for SRBs, UM DRBs and UM MRBs, set RX_NEXT and RX_DELIV to the initial value;

-
apply the ciphering algorithm and key provided by upper layers during the PDCP entity re-establishment procedure;

-
apply the integrity protection algorithm and key provided by upper layers during the PDCP entity re-establishment procedure.

NOTE:
After PDCP re-establishment on a sidelink ‎SRB/DRB, UE determines when to transmit and receive with the new key and discard the old key as specified in TS ‎‎33.536 [14].‎

and PDCP entity suspend:
5.1.4
PDCP entity suspend

...
When upper layers request a PDCP entity suspend, the receiving PDCP entity shall:

-
if t-Reordering is running:

-
stop and reset t-Reordering;

-
deliver all stored PDCP SDUs to the upper layers in ascending order of associated COUNT values after performing header decompression;

-
set RX_NEXT and RX_DELIV to the initial value.
 RAN2 119-e discussion

DISCUSSION P15:

ZTE thinks the solution proposed by P15 is not optimal. This solution does not work for AM MRB for PDCP suspension and re-establishment.

Xiaomi’s understanding is that for AM MRB variables are not re-initialized. The alignment with PDCP suspension can be discussed based on P16, but it seems difficult based on the discussion so far.

Lenovo indicates P15 is only for UM MRB and there might be no issue for AM MRB.

LGE is fine with P15. LGE does not see any issue for AM MRB for re-establishment. LGE thinks we could discuss AM MRB further

Allow configuration of initial value of RX_DELIV also when PDCP is re-established for UM MRB. FFS AM MRB, if a fix is needed
P16: when upper layers request a PDCP entity suspend for the multicast MRB, no specific behavior is needed for RX_NEXT and RX_DELIV, i.e. no initialization for RX_NEXT and RX_DELIV [10].

DISCUSSION P16:

Xiaomi thinks this value will not be stored as it is one-shot according to RRC. Huawei agrees

Xiaomi thinks letting UE choose any value would also work. 

LGE thinks during e-mail discussion there was some confusion. LGE thinks we need to consider UM and AM MRBs together to avoid specs complexity. LGE thinks keeping the state variables during suspend does not solve the issue as there are no proper initial values to be applied for resume.

Huawei indicates that for AM MRB there will be no PDCP re-establishment.

ZTE has sympathy for LGE’s comments.

Chair: Companies are to coordinate on the issue related to P16 and this can be rediscussed during the next meeting.
 SA2 on multicast session management
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Figure 7.2.1.3-1: PDU Session modification for UE joining Multicast MBS session
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