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1.	Introduction
At RAN2#119-e, there was a big discussion on handling of PDCP state variables, and made following agreements.
multicastHFN-AndRefSN is renamed to initialRXDELIV and update the corresponding description to ‘Indicates an initial value of RX_DELIV for multicast MRB PDCP window initialization as specified in TS 38.323 [5].’. [8] [9] [12]
Add to section 16.10 (e.g. 16.10.5.3.2) in TS 38.300 a sentence saying: “For MRBs, PDCP can either be re-established or remain as it is.” [8]
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

As can be seen above, how to set the PDCP state variables at PDCP re-establishment is still FFS for AM MRB. This document discusses this issue considering various aspects.

2.	Discussion
The discussion was triggered by contradiction between RRC and PDCP specifications on the multicastHFN-AndRefSN:
-	In TS 38.331, the multicastHFN-AndRefSN IE is only present in case of multicast MRB setup;
-	In TS 38.323, during PDCP entity re-establishment, for UM MRBs, the UE shall set the RX_NEXT and RX_DELIV to the initial value.
As a solution, it was agreed to allow configuration of initial value of RX_DELIV at PDCP re-establishment for UM MRB. However, this solution is not applicable to AM MRB because the state variables are not initialized at PDCP re-establishment for AM MRB.
Therefore, for the AM MRB to work, a different solution may be considered for AM MRB. 
However, we are now curious why the differentiation between AM MRB and UM MRB is needed. Moreover, we identified a new issue with MRB type change if we differentiate between AM MRB and UM MRB.
Let’s consider possible L2 configuration for MRB, as shown in Figure 1.



Figure 1: Possible configuration of MRB and bearer type change.

The configurations in Figure 1 are drawn based on 38.300.
	-	For a multicast session, gNB provides one or more of the following multicast MRB configuration(s) to the UE via dedicated RRC signalling:
-	Multicast MRB with DL only RLC-UM or bidirectional RLC-UM configuration for PTP transmission; A, B
-	Multicast MRB with RLC-AM entity configuration for PTP transmission; C
-	Multicast MRB with DL only RLC-UM entity for PTM transmission; A
-	Multicast MRB with two RLC-UM entities, one DL only RLC-UM entity for PTP transmission and the other DL only RLC-UM entity for PTM transmission; B
-	Multicast MRB with three RLC-UM entities, one DL RLC-UM entity and one UL RLC-UM entity for PTP transmission and the other DL only RLC-UM entity for PTM transmission; E
-	Multicast MRB with two RLC entities, one RLC-AM entity for PTP transmission and the other DL only RLC-UM entity for PTM transmission. D



Note that the configuration E is not shown in the Figure 1 because we think it can be seen as variant of configuration B. From the PDCP point of view, whether the UM RLC entity is for PTP or PTM is not important, but only the type of associated RLC entity, i.e. AM or UM, is important.
According to the current PDCP specification, configuration A and B are called UM MRB, and configuration C and D are called AM MRB.
With the four configurations above, up to six bearer type change is possible, as indicated in green number. However, we think bearer type changes 5 and 6 are not supported based on the following agreement in RAN2#116e.
	The RLC entity release and/or establishment procedures are performed during RRC based MRB bearer type change for PTM only <-> PTP only.



By excluding bearer type changes 5 and 6, it is required to consider bearer type changes 1 to 4.

For bearer type changes 1 and 3, there is no problem in the PDCP specification because both old MRB and new MRB are same type. However, for bearer type changes 2 and 4, it is not clear how the PDCP behaves because old MRB and new MRB are different type. The problematic text in PDCP specification is captured below.
	
[bookmark: _Toc12616331][bookmark: _Toc37126942][bookmark: _Toc46492055][bookmark: _Toc46492163][bookmark: _Toc100874213]5.1.2	PDCP entity re-establishment
When upper layers request a PDCP entity re-establishment, the receiving PDCP entity shall:
[bookmark: Signet15]-	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, discard all stored PDCP SDUs and PDCP PDUs;
-	for SRBs, UM DRBs and UM MRBs, if t-Reordering is running:
-	stop and reset t-Reordering;
-	for UM DRBs and UM MRBs, deliver all stored PDCP SDUs to the upper layers in ascending order of associated COUNT values after performing header decompression;
-	for AM DRBs and AM MRBs for Uu interface, perform header decompression using ROHC for all stored PDCP SDUs if drb-ContinueROHC is not configured in TS 38.331 [3];
-	for AM DRBs for PC5 interface, perform header decompression using ROHC for all stored PDCP IP SDUs;
-	for AM DRBs and AM MRBs for Uu interface, perform header decompression using EHC for all stored PDCP SDUs if drb-ContinueEHC-DL is not configured in TS 38.331 [3];
-	for UM DRBs, AM DRBs, UM MRBs and AM MRBs, reset the ROHC protocol for downlink and start with NC state in U-mode (as defined in RFC 3095 [8] and RFC 4815 [9]) if drb-ContinueROHC is not configured in TS 38.331 [3];
-	for UM DRBs, AM DRBs, UM MRBs and AM MRBs, reset the EHC protocol for downlink if drb-ContinueEHC-DL is not configured in TS 38.331 [3];
-	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.

[bookmark: _Toc12616341][bookmark: _Toc37126955][bookmark: _Toc46492068][bookmark: _Toc46492176][bookmark: _Toc100874226]5.4	Status reporting
[bookmark: _Toc12616342][bookmark: _Toc37126956][bookmark: _Toc46492069][bookmark: _Toc46492177][bookmark: _Toc100874227]5.4.1	Transmit operation
For AM MRBs configured by upper layers to send a PDCP status report in the uplink (statusReportRequired in TS 38.331 [3]), the receiving PDCP entity shall trigger a PDCP status report when:
-	upper layer requests a PDCP entity re-establishment;
-	upper layer requests a PDCP data recovery.



Let’s take the example of bearer type change 2, where UM MRB is changed to AM MRB or vice versa. Then, it is not clear which step is proceeded in this case. Does the PDCP follow the type of old MRB or new MRB?
Actually, some procedures should be done for old MRB and some for new MRB. For example, stored SDU delivery and header decompression for stored SDUs should be done based on the type of old MRB, and header compression reset, state variable initialization, and status report trigger should be done based on the type of new MRB. But, this fact is difficult to understand, and implementation may not work correctly.

Such problem does not exist in DRB. This is because the type of DRB is not changed throughout the lifetime of the DRB. If a DRB type needs to be changed from UM DRB to AM DRB, the UM DRB is released and a new AM DRB is established. As the DRB type is same before and after the PDCP re-establishment, there is no point of confusion in the PDCP specification.
However, for MRB, the type can be changed even if the PDCP is maintained, and such problem would occur.

A simple solution is to remove the concept of “UM MRB” and “AM MRB”. We don’t see any critical problem with just using “MRB”.
We think the concept of “UM MRB” and “AM MRB” was introduced in PDCP specification based on the RAN2#116e agreement.
	The SR can be configured only if PTP AM (with Uplink) is in the new configuration.



However, from PDCP point of view, the PDCP just triggers PDCP SR based on the statusReportRequired configuration. If the network does not want PDCP SR, it can just skip the statusReportRequired. There is no reason to specify in PDCP specification that PDCP SR is triggered only for AM MRB.
Header compression related procedures are also performed based on configuration of drb-ContinueROHC and drb-ContinueEHC-DL. There is no reason to differentiate between UM MRB and AM MRB in PDCP specification.
For stored SDU delivery and state variable initialization at PDCP re-establishment, we think there is no problem to adopt common behavior for UM MRB and AM MRB. Which way is better needs further discussion, but the point is that there is no reason to differentiate between UM MRB and AM MRB in PDCP specification.
Proposal 1: Remove the concept of UM MRB and AM MRB, and only use MRB in the PDCP specification.
If the Proposal 1 is agreed, the required changes to current specifications are shown in the Annex. As can be seen in the Annex, there is no critical problem with removing UM MRB and AM MRB concept.

The benefit of removing UM MRB and AM MRB concept is that there is no confusion at bearer type change and PDCP can have one single behavior regardless of whether the associated RLC entity is AM or UM.
Still, whether to apply following procedure for MRB needs to be discussed.
- 	Stored PDCP SDU delivery at PDCP re-establishment
-	State variable initialization at PDCP re-establishment
-	State variable initialization at PDCP suspend
But, once Proposal 1 is agreed, we think the above issue can be easily decided because consideration of different complicated cases is avoided.

3.	Conclusions
In this document, we explain potential problem in PDCP specification if the MRB type is differentiated between UM MRB and AM MRB. Thus, we propose following.
Proposal 1: Remove the concept of UM MRB and AM MRB, and only use MRB in the PDCP specification.


Annex. Proposed TP to 38.331 and 38.323

	36.331
[bookmark: _Toc60776686][bookmark: _Toc100929477]3.1	Definitions
AM MRB: An MRB associated with at least an AM RLC bearer for PTP transmission.

[bookmark: _Toc60776757][bookmark: _Toc100929555]5.3.5	RRC reconfiguration
[bookmark: _Toc60776758][bookmark: _Toc100929556]5.3.5.1	General
RRC reconfiguration to perform reconfiguration with sync includes, but is not limited to, the following cases:
-	reconfiguration with sync but without security key refresh, involving RA to the PCell/PSCell, MAC reset and RLC re-establishment and PDCP data recovery (for AM DRB or AM MRB) triggered by explicit L2 indicators.
-	reconfiguration with sync for DAPS but without security key refresh, involving RA to the target PCell, establishment of target MAC, and
-	for non-DAPS bearer: RLC re-establishment and PDCP data recovery (for AM DRB or AM MRB) triggered by explicit L2 indicators.

[bookmark: _Toc60777158][bookmark: _Toc100930042][bookmark: _Hlk54206873]6.3.2	Radio resource control information elements
[bookmark: _Toc60777300][bookmark: _Toc100930211]–	PDCP-Config
statusReportRequired
For AM DRBs, AM MRBs and DAPS UM DRBs, indicates whether the DRB or the multicast MRB is configured to send a PDCP status report in the uplink, as specified in TS 38.323 [5]. For DAPS AM DRBs, it also indicates whether the DRB is configured to send a second PDCP status report in the uplink, as specified in TS 38.323 [5].
MRBInitialization	This field is mandatory present in case of multicast MRB setup and PDCP re-establishment for UM multicast MRB. Otherwise, this field is absent, Need N.




	38.323
[bookmark: _Toc12616317][bookmark: _Toc37126928][bookmark: _Toc46492041][bookmark: _Toc46492149][bookmark: _Toc100874199]3.1	Definitions
AM MRB: an MRB associated with at least one AM RLC bearer for PTP transmission.
UM MRB: an MRB associated with only RLC UM.

[bookmark: _Toc12616322][bookmark: _Toc37126933][bookmark: _Toc46492046][bookmark: _Toc46492154][bookmark: _Toc100874204]4.2.1	PDCP structure
-	For UM MRBs, each PDCP entity is associated with one UM RLC entity (for MTCH or for downlink DTCH), two UM RLC entities (one for MTCH and one for downlink DTCH, or one for downlink DTCH and one for uplink DTCH), or three UM RLC entities (one for MTCH, one for downlink DTCH, and one for uplink DTCH);
-	For AM MRBs, each PDCP entity is associated with , one AM RLC entity (for downlink DTCH and uplink DTCH), or one UM RLC entity (for MTCH) and one AM RLC entity (for downlink DTCH and uplink DTCH);

5.1.2	PDCP entity re-establishment
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, discard all stored PDCP SDUs and PDCP PDUs;
-	for SRBs, UM DRBs and UM MRBs, if t-Reordering is running:
-	stop and reset t-Reordering;
-	for UM DRBs and UM MRBs, deliver all stored PDCP SDUs to the upper layers in ascending order of associated COUNT values after performing header decompression;
-	for AM DRBs and AM MRBs for Uu interface, perform header decompression using ROHC for all stored PDCP SDUs if drb-ContinueROHC is not configured in TS 38.331 [3];
-	for AM DRBs for PC5 interface, perform header decompression using ROHC for all stored PDCP IP SDUs;
-	for AM DRBs and AM MRBs for Uu interface, perform header decompression using EHC for all stored PDCP SDUs if drb-ContinueEHC-DL is not configured in TS 38.331 [3];
-	for UM DRBs, AM DRBs, UM MRBs and AM MRBs, reset the ROHC protocol for downlink and start with NC state in U-mode (as defined in RFC 3095 [8] and RFC 4815 [9]) if drb-ContinueROHC is not configured in TS 38.331 [3];
-	for UM DRBs, AM DRBs, UM MRBs and AM MRBs, reset the EHC protocol for downlink if drb-ContinueEHC-DL is not configured in TS 38.331 [3];
-	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.

[bookmark: _Toc100874214]5.1.3	PDCP entity release
When upper layers request a PDCP entity release for a radio bearer for Uu or PC5 interface, the UE shall:
-	discard all stored PDCP SDUs and PDCP PDUs in the transmitting PDCP entity;
-	for UM DRBs, AM DRBs, UM MRBs and AM MRBs, deliver the PDCP SDUs stored in the receiving PDCP entity to upper layers in ascending order of associated COUNT values after performing header decompression, if not decompressed before;
-	release the PDCP entity for the radio bearer.

5.4	Status reporting
5.4.1	Transmit operation
For AM MRBs configured by upper layers to send a PDCP status report in the uplink (statusReportRequired in TS 38.331 [3]), the receiving PDCP entity shall trigger a PDCP status report when:
-	upper layer requests a PDCP entity re-establishment;
-	upper layer requests a PDCP data recovery.

[bookmark: _Toc12616369][bookmark: _Toc37126994][bookmark: _Toc46492107][bookmark: _Toc46492215][bookmark: _Toc100874274]6.2.2.2	Data PDU for DRBs and MRBs with 12 bits PDCP SN
Figure 6.2.2.2-1 shows the format of the PDCP Data PDU with 12 bits PDCP SN. This format is applicable for UM DRBs, AM DRBs, UM MRBs and AM MRBs.

[bookmark: _Toc12616370][bookmark: _Toc37126995][bookmark: _Toc46492108][bookmark: _Toc46492216][bookmark: _Toc100874275]6.2.2.3	Data PDU for DRBs and MRBs with 18 bits PDCP SN
Figure 6.2.2.3-1 shows the format of the PDCP Data PDU with 18 bits PDCP SN. This format is applicable for UM DRBs, AM DRBs, UM MRBs and AM MRBs.

[bookmark: _Toc12616372][bookmark: _Toc37126998][bookmark: _Toc46492114][bookmark: _Toc46492222][bookmark: _Toc100874281]6.2.3.1	Control PDU for PDCP status report
Figure 6.2.3.1-1 shows the format of the PDCP Control PDU carrying one PDCP status report. This format is applicable for UM DRBs, AM DRBs (including sidelink DRBs for unicast) and AM MRBs.

[bookmark: _Toc12616373][bookmark: _Toc37126999][bookmark: _Toc46492115][bookmark: _Toc46492223][bookmark: _Toc100874282]6.2.3.2	Control PDU for interspersed ROHC feedback
Figure 6.2.3.2-1 shows the format of the PDCP Control PDU carrying one interspersed ROHC feedback. This format is applicable for UM DRBs, AM DRBs (including sidelink DRBs for unicast), UM MRBs and AM MRBs.

[bookmark: _Toc37127000][bookmark: _Toc46492116][bookmark: _Toc46492224][bookmark: _Toc100874283]6.2.3.3	Control PDU for EHC feedback
Figure 6.2.3.3-1 shows the format of the PDCP Control PDU carrying one EHC feedback. This format is applicable for UM DRBs, AM DRBs, UM MRBs and AM MRBs.

[bookmark: _Toc12616376][bookmark: _Toc37127003][bookmark: _Toc46492119][bookmark: _Toc46492227][bookmark: _Toc100874287]6.3.2	PDCP SN
Length: 12 or 18 bits as indicated in table 6.3.2-1. The length of the PDCP SN is configured by upper layers (pdcp-SN-SizeUL, pdcp-SN-SizeDL, or sl-PDCP-SN-Size in TS 38.331 [3]).
Table 6.3.2-1: PDCP SN length
	Length
	Description

	12
	SRBs, UM DRBs, AM DRBs (including sidelink SRBs and sidelink DRBs), UM MRBs and AM MRBs

	18
	UM DRBs, AM DRBs (including sidelink DRBs for unicast), UM MRBs and AM MRBs
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