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1	Introduction
In RAN2, the PDCP CR was agreed in R2-2401635 including the clarifications on the term primary/secondary path by having the definitions as below: 
Multi-path Primary Path: In multi-path for a split DRB, the primary path is configured by RRC to be either the direct path or the indirect path. In multi-path for a split SRB, the primary path is always the direct path.
Multi-path Secondary Path: In multi-path, for a split DRB, the path (either direct or indirect) which is not configured by RRC as the primary path. In multi-path for a split SRB, the secondary path is always the indirect path (SL or N3C).
It is also further clarified that CA can be configured on the direct path.
In this contribution, we see that the PDCP transmit operation still needs some clarification/correction with the definition of primary/secondary path used in MP. 
2	PDCP transmit operation
2.1 Transmission for MP split RB
In DC, PDCP transmits a PDCP PDU to the associated RLC entity (as highlighted in yellow in Annex #1).
In duplication/split operation, a PDCP PDU is submitted to a single RLC entity, which is the primary RLC entity, or additionally to the secondary RLC entity depending on the packet duplication activation/deactivation, the data volume, and presence of the secondary split RLC entity.
Table 1. submission of a PDCP PDU in DC (assuming split secondary RLC entity is configured)
	
	Duplication is activated
	Duplication is deactivated

	
	
	Data Volume < TH
	Data Volume ≧ TH

	PDCP Control PDU
	a primary RLC entity
	a primary RLC entity
	either a primary or split secondary RLC entity

	PDCP Data PDU
	activated RLC entities
	a primary RLC entity
	either a primary or split secondary RLC entity



In RRC, the primary RLC entity is configured by primaryPath, which indicates cell group ID and LCID of the primary RLC entity, and the split secondary RLC entity is configured by splitSecondaryPath, which indicates LCID of the split secondary RLC entity.
In addition, the gNB configures a cell restriction for each logical channel (LCH), meaning that the gNB may decide which LCH will be a primary RLC entity or split secondary RLC entity by considering the cell restriction of the LCH. 
Observation 1: In DC, when duplication is deactivated and data volume is above a threshold, being configured with the split secondary RLC entity, PDCP PDU is submitted to one of two restricted RLC entities, which are the primary and the split secondary RLC entity.
Observation 2: In DC, when duplication is deactivated and the data volume is below a threshold, PDCP PDU is submitted to only one restricted RLC entity, which is the primary RLC entity.
Observation 3: In DC, when duplication is deactivated and the data volume is below a threshold or when duplication is deactivated and data volume is above a threshold while not configured with split secondary RLC entity, PDCP PDU is submitted to only one restricted RLC entity, which is the primary RLC entity.

In MP, for MP split RB, one PDCP entity is associated with one or more Uu RLC entity(ies) over its direct path and either SRAP entity or N3C for its indirect path. 
In RRC, the primary RLC entity is configured by primaryPath only when the direct path is used as a primary path. Otherwise, e.g.i, if the indirect path is a primary path, the primaryPathOnIndirectPath is set to true and the fields in the prinmaryPath are absent.
In the current version of the specification, it is specified in S5.2.1 that the PDCP entity submits the PDCP PDU to an MP primary path or an MP secondary path (as highlighted in cyan). Given that the MP primary path itself only refers to either the direct path or the indirect path and there can be multiple RLC entities over the direct path, our understanding of the current specification is that the UE submits a PDCP PDU to any RLC entity belonging to the direct path. 
Table 2. submission of a PDCP PDU in MP according to the current version
	
	Duplication is activated
	Duplication is deactivated

	
	
	Data Volume < TH
	Data Volume ≧ TH

	PDCP Control PDU
	all lower entities
activated for duplication 
under the MP primary path
	any lower entity 
under MP primary path
	either [any lower entity 
under MP primary path] or 
[any lower entity 
under MP secondary path]

	PDCP Data PDU
	all lower entities 
activated for duplication 
under the 
MP primary and secondary path
	any lower entity 
under MP primary path
	either [any lower entity 
under MP primary path] or 
[any lower entity 
under MP secondary path]



As seen in the Table 2, when the PDCP PDU is submitted to the lower entity for the direct path, the PDCP PDU can be submitted to any RLC entity under the direct path, which would be selected by the UE itself. It means that there is no way for the gNB to control which specific RLC entity is used for transmission of the PDCP PDU. 
Observation 4: In MP, according to the current specification, when duplication is deactivated, the MP remote UE submits a PDCP PDU to any RLC entity under the direct path. 
It should be noted that RAN2 have some agreements related to split operation, e.g., 
RAN2#121bis-e:
The concept of the ‘primary path and primary RLC entity’ is adopted for each MP split bearer configuration according to the existing definition.
In case of duplication, PDCP control PDU only transmits on the primary RLC entity same as legacy.

RAN2#122:
Agreement:
For Scenario-1/2, optionally configure UL data split threshold for split DRB. Usage of the threshold follows legacy behavior.

Given the agreed behavior on the duplication and the split threshold, we see that the current specification is somehow different from what RAN2 has agreed in RAN2#121bis-e and 122. 
Observation 5: In MP, the PDCP duplication/split operation in the current specification is not aligned with RAN2 agreements. 
The only difference compared to DC may be on the use of split secondary RLC entity. In the current TS 38.331, it is not so clear how to configure the split secondary RLC entity. It is because the cell group ID in primaryPath will be absent in case the MP primary path is on the indirect path, and splitSecondaryRLC refers to the cell group ID indicated in primaryPath. In addition, the description of splitSecondaryRLC is not fit well with the MP case.
Meanwhile, we may live without split secondary RLC entity in MP because we can mandate the transmission of PDCP PDU to either primary RLC entity or SRAP/N3C when data volume exceeds the threshold. There seems to be no reason to set the split secondary RLC separately unless we intend to pick another RLC entity other than the primary RLC entity as a split secondary RLC entity. Note that in TS 38.323, split secondary RLC entity is currently not used for MP.
Observation 6: RAN2 agreed to follow the DC framework for duplication and split operation. However, it is not clear whether or not the split secondary RLC entity is supported in the current specification, or even needs to be supported in MP.
Proposal 1: For split operation in MP, RAN2 confirm that split secondary RLC entity is not configured. 
With proposal 1, if duplication is deactivated and data volume is above a threshold, all the PDCP PDUs are to be submitted to a primary RLC entity or SRAP/N3C regardless of where the MP primary path is. The Table 3 shows our understanding of the desired PDCP transmit operation for MP.
Table 3. Desired behaviour for submission of PDCP PDU in MP split RB 
	
	Duplication is activated
	Duplication is deactivated

	
	
	Data Volume < TH
	Data Volume ≧ TH

	PDCP Control PDU
	a primary RLC entity if MP primary path is direct path;
SRAP or N3C if MP primary path is indirect path;
	a primary RLC entity if primary path is direct path;
SRAP or N3C if primary path is indirect path;
	either a primary RLC entity or
SRAP/N3C;

	PDCP Data PDU
	activated RLC entities, and 
SRAP/N3C if activated for duplication
	a primary RLC entity if primary path is direct path;
SRAP or N3C if primary path is indirect path;
	either a primary RLC entity or
SRAP/N3C;



With the observations above, we propose to update the PDCP transmission operation for MP by considering the agreed behavior shown in Table 3.
Proposal 2: In TS 38.323, update the PDCP transmit operation and data volume calculation for MP split RB assuming that split secondary RLC entity is not used in MP. The TP is provided in the Annex #2, i.e., 3rd and 4th changes.

2.2 Use of SL RLC and Uu RLC 
In the current TS 38.323, 'SL RLC' is used twice to refer to the RLC entity corresponding to the indirect path. Accordingly, 'Uu RLC' is used to refer to the RLC entity corresponding to the direct path. However, there is no distinguished RLC behaviour defined for sidelink, meaning that RLC entity is simply RLC entity from PDCP perspective and no differentiation is required. For example, SL RLC is used in TS 38.323 when PDCP determines transmission path for MP split RB and the way to calculate the data volume for Uu RLC and SL RLC are the same as specified in TS 38.322. In our view, having Uu RLC and SL RLC separately with no purpose only complicates the specification given that no SL RLC was defined even in Rel-17 where relay is supported, and we would suggest keeping this principle, i.e., use 'RLC' regardless of whether it is for direct path or indirect path.
Without differentiating SL RLC and Uu RLC, it wouldn’t be necessary to consider the mapped RLC entity associated with SRAP additionally when determining where to submit the PDCP PDU, which is highlighted in green. Thus, it can be removed. 
Proposal 3: In TS 38.323, change ‘Uu RLC’ and ‘SL RLC’ to ‘RLC’ without referring to whether it is for Uu or SL. Necessary change is shown in the TP in the Annex #2, 1st and 2nd changes. 

3	Conclusion
For DC, we observed the followings:
Observation 1: In DC, when duplication is deactivated and data volume is above a threshold, being configured with the split secondary RLC entity, PDCP PDU is submitted to one of two restricted RLC entities, which are the primary and the split secondary RLC entity.
Observation 2: In DC, when duplication is deactivated and the data volume is below a threshold, PDCP PDU is submitted to only one restricted RLC entity, which is the primary RLC entity.
Observation 3: In DC, when duplication is deactivated and the data volume is below a threshold or when duplication is deactivated and data volume is above a threshold while not configured with split secondary RLC entity, PDCP PDU is submitted to only one restricted RLC entity, which is the primary RLC entity.

For MP, we observed the followings:
Observation 4: In MP, according to the current specification, when duplication is deactivated, the MP remote UE submits a PDCP PDU to any RLC entity under the direct path. 
Observation 5: In MP, the PDCP duplication/split operation in the current specification is not aligned with RAN2 agreements. 
Observation 6: RAN2 agreed to follow the DC framework for duplication and split operation. However, it is not clear whether or not the split secondary RLC entity is supported in the current specification, or even needs to be supported in MP.

Based on the observations above, we propose that:
Proposal 1: For split operation in MP, RAN2 confirm that split secondary RLC entity is not configured. 
Proposal 2: In TS 38.323, update the PDCP transmit operation and data volume calculation for MP split RB assuming that split secondary RLC entity is not used in MP. The TP is provided in the Annex #2, i.e., 3rd and 4th changes.
Proposal 3: In TS 38.323, change ‘Uu RLC’ and ‘SL RLC’ to ‘RLC’ without referring to whether it is for Uu or SL. Necessary change is shown in the TP in the Annex #2, 1st and 2nd changes. 

4	Annex #1 – the current specification
It is from TS 38.323 clause 5.2.1 to show the difference behavior between DC and MP.
	When submitting a PDCP PDU to lower layer, the transmitting PDCP entity shall:
-	if the transmitting PDCP entity is associated with one SRAP entity:
-	submit the PDCP PDU to the associated SRAP entity;
-	else, if the transmitting PDCP entity is associated with one RLC entity:
-	submit the PDCP PDU to the associated RLC entity;
-	else, if the transmitting PDCP entity is associated with one or more RLC entities and, either one SRAP entity or the N3C:
-	if PDCP duplication is activated for the RB:
-	if the PDCP PDU is a PDCP Data PDU:
-	duplicate the PDCP Data PDU and submit the PDCP Data PDU to both the MP primary path and MP secondary path, including any associated Uu RLC entities activated for PDCP duplication;
-	else:
-	submit the PDCP Control PDU to the MP primary path;
-	else (i.e., PDCP duplication is deactivated for the RB):
-	if the total amount of PDCP data volume, RLC data volume pending for initial transmission (as specified in TS 38.322 [5]) in the RLC entity, and data volume pending for either transmission in the N3C (if available) or mapped SL RLC entity associated with the SRAP entity, is equal to or larger than ul-DataSplitThreshold:
-	submit the PDCP PDU to either the MP primary path or MP secondary path;
-	else:
-	submit the PDCP PDU to the MP primary path;
-	else, if the transmitting PDCP entity is associated with at least two RLC entities:
-	if the PDCP duplication is activated for the RB:
-	if the PDCP PDU is a PDCP Data PDU:
-	duplicate the PDCP Data PDU and submit the PDCP Data PDU to the associated RLC entities activated for PDCP duplication;
-	else:
-	submit the PDCP Control PDU to the primary RLC entity;
-	else (i.e. the PDCP duplication is deactivated for the RB or the RB is a DAPS bearer):
-	if the split secondary RLC entity is configured; and
-	if the total amount of PDCP data volume and RLC data volume pending for initial transmission (as specified in TS 38.322 [5]) in the primary RLC entity and the split secondary RLC entity is equal to or larger than ul-DataSplitThreshold:
-	submit the PDCP PDU to either the primary RLC entity or the split secondary RLC entity;
 // omit //
-	else:
-	submit the PDCP PDU to the primary RLC entity.
NOTE 2:	If the transmitting PDCP entity is associated with two RLC entities, or with one or more RLC entities and either an SRAP entity or the N3C, the UE should minimize the amount of PDCP PDUs submitted to lower layers before receiving request from lower layers and minimize the PDCP SN gap between PDCP PDUs submitted to two associated RLC entities, or to the one or more RLC entities and either the SRAP entity or the N3C, to minimize PDCP reordering delay in the receiving PDCP entity.




4	Annex #2 – TP to TS 38.323

	Start of the first change


[bookmark: _Toc12616317][bookmark: _Toc37126928][bookmark: _Toc46492041][bookmark: _Toc46492149][bookmark: _Toc156000507]3.1	Definitions
For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
AM DRB: a data radio bearer which utilizes RLC AM.
AM MRB: an MRB associated with at least one AM RLC bearer for PTP transmission.
Broadcast MRB: a radio bearer configured for MBS broadcast delivery.
DAPS bearer: a bearer whose radio protocols are located in both the source gNB and the target gNB during DAPS handover to use both source gNB and target gNB resources.
Delay-critical PDCP SDU: if pdu-SetDiscard is not configured, a PDCP SDU for which the remaining time till discardTimer expiry is less than the remainingTimeThreshold. If pdu-SetDiscard is configured, a PDCP SDU belonging to a PDU Set of which at least one PDCP SDU has the remaining time till discardTimer expiry less than the remainingTimeThreshold.
MBS Radio Bearer: a radio bearer that is configured for MBS delivery.
Multicast MRB: a radio bearer configured for MBS multicast delivery.
Multi-path: Mode of operation of a remote UE in RRC_CONNECTED configured with one direct path on which the UE connects to the gNB using NR Uu and one indirect path on which the UE connects to the same gNB via another UE using PC5 unicast link or Non-3GPP Connection.
Multi-path split bearer: In multi-path, a bearer in which one PDCP entity is mapped to one or more (direct) Uu RLC entities for the direct path and either one SRAP entity of a SL indirect path or non-3GPP connectivity.
N3C indirect path: In multi-path, the indirect path on which the remote UE connects to the network via a relay UE using non-3GPP connectivity.

// … omitted … //

	Start of the second change


[bookmark: _Toc12616321][bookmark: _Toc37126932][bookmark: _Toc46492045][bookmark: _Toc46492153][bookmark: _Toc156000511]4.2	Architecture
[bookmark: _Toc12616322][bookmark: _Toc37126933][bookmark: _Toc46492046][bookmark: _Toc46492154][bookmark: _Toc156000512]4.2.1	PDCP structure
// … omit … //
Each RB (except for SRB0 for Uu interface) is associated with one PDCP entity. Each PDCP entity is associated with one, two, three, four, six, or eight RLC entities depending on the RB characteristic (e.g. uni-directional/bi-directional or split/non-split) or RLC mode:
-	For split bearers, each PDCP entity is associated with two UM RLC entities (for same direction), four UM RLC entities (two for each direction), or two AM RLC entities;
-	For RBs configured with PDCP duplication, each PDCP entity is associated with N UM RLC entities (for same direction), 2 × N UM RLC entities (N for each direction), or N AM RLC entities, where 2 <= N <= 4;
-	For DAPS bearers, each PDCP entity is associated with two UM RLC entities (for same direction, one for source and one for target cell), four UM RLC entities (two for each direction on source cell and target cell), or two AM RLC entities (one for source cell and one for target cell);
-	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);
-	For MP split bearers with SL indirect path, each PDCP entity is associated with one or more Uu RLC entities and one SRAP entity;
-	For MP split bearers with N3C indirect path, each PDCP entity is associated with one or more Uu RLC entities and the N3C;
-	Otherwise, each PDCP entity is associated with one UM RLC entity, two UM RLC entities (one for each direction), or one AM RLC entity.
// … omit … //

	Start of the third change


[bookmark: _Toc12616335][bookmark: _Toc37126947][bookmark: _Toc46492060][bookmark: _Toc46492168][bookmark: _Toc156000526]5.2.1	Transmit operation
//… omit … //
When submitting a PDCP PDU to lower layer, the transmitting PDCP entity shall:
-	if the transmitting PDCP entity is associated with one SRAP entity:
-	submit the PDCP PDU to the associated SRAP entity;
-	else, if the transmitting PDCP entity is associated with one RLC entity:
-	submit the PDCP PDU to the associated RLC entity;
-	else, if the transmitting PDCP entity is associated with one or more RLC entities and, either one SRAP entity or the N3C:
-	if PDCP duplication is activated for the RB:
-	if the PDCP PDU is a PDCP Data PDU:
-	duplicate the PDCP Data PDU and submit the PDCP Data PDU to both the MP primary path and MP secondary path, including any the associated Uu RLC entities activated for PDCP duplication, and SRAP entity or N3C activated for PDCP duplication;
-	else:
-	if primaryPathOnIndirectPath is not set to true (i.e., MP primary path is on the direct path):
-	submit the PDCP Control PDU to the MP primary pathprimary RLC entity;
-	else:
-	submit the PDCP Control PDU to the SRAP entity or N3C;
-	else (i.e., PDCP duplication is deactivated for the RB):
-	if the total amount of PDCP data volume, RLC data volume pending for initial transmission (as specified in TS 38.322 [5]) in the primary RLC entity (including the RLC entity associated with the SRAP entity), and data volume pending for either transmission in the N3C (if available) or mapped SL RLC entity associated with the SRAP entity, is equal to or larger than ul-DataSplitThreshold:
-	submit the PDCP PDU to either the MP primary path or MP secondary paththe primary RLC entity or SRAP/N3C entity;
-	else:
-	if primaryPathOnIndirectPath is not set to true (i.e., MP primary path is on the direct path):
-	submit the PDCP PDU to the primary RLC entitythe MP primary path;
-	else:
-	submit the PDCP PDU to the SRAP/N3C entity.
-	else, if the transmitting PDCP entity is associated with at least two RLC entities:
-	if the PDCP duplication is activated for the RB:
-	if the PDCP PDU is a PDCP Data PDU:
-	duplicate the PDCP Data PDU and submit the PDCP Data PDU to the associated RLC entities activated for PDCP duplication;
-	else:
-	submit the PDCP Control PDU to the primary RLC entity;
-	else (i.e. the PDCP duplication is deactivated for the RB or the RB is a DAPS bearer):
-	if the split secondary RLC entity is configured; and
-	if the total amount of PDCP data volume and RLC data volume pending for initial transmission (as specified in TS 38.322 [5]) in the primary RLC entity and the split secondary RLC entity is equal to or larger than ul-DataSplitThreshold:
-	submit the PDCP PDU to either the primary RLC entity or the split secondary RLC entity;
-	else, if the transmitting PDCP entity is associated with the DAPS bearer:
-	if the uplink data switching has not been requested:
-	submit the PDCP PDU to the RLC entity associated with the source cell;
-	else:
-	if the PDCP PDU is a PDCP Data PDU:
-	submit the PDCP Data PDU to the RLC entity associated with the target cell;
-	else:
-	if the PDCP Control PDU is associated with source cell:
-	submit the PDCP Control PDU to the RLC entity associated with the source cell;
-	else:
-	submit the PDCP Control PDU to the RLC entity associated with the target cell;
-	else:
-	submit the PDCP PDU to the primary RLC entity.
NOTE 2:	If the transmitting PDCP entity is associated with two RLC entities, or with one or more RLC entities and either an SRAP entity or the N3C, the UE should minimize the amount of PDCP PDUs submitted to lower layers before receiving request from lower layers and minimize the PDCP SN gap between PDCP PDUs submitted to two associated RLC entities, or to the one or more RLC entities and either the SRAP entity or the N3C, to minimize PDCP reordering delay in the receiving PDCP entity.

	Start of the fourth change



[bookmark: _Toc12616345][bookmark: _Toc37126959][bookmark: _Toc46492072][bookmark: _Toc46492180][bookmark: _Toc156000538]5.6	Data volume calculation
For the purpose of MAC buffer status reporting, the transmitting PDCP entity shall consider the following as PDCP data volume:
-	the PDCP SDUs for which no PDCP Data PDUs have been constructed;
-	the PDCP Data PDUs that have not been submitted to lower layers;
-	the PDCP Control PDUs;
-	for AM DRBs, the PDCP SDUs to be retransmitted according to clause 5.1.2 and clause 5.13;
-	for AM DRBs, the PDCP Data PDUs to be retransmitted according to clause 5.5.
If the transmitting PDCP entity is associated with at least two RLC entities, or with one or more RLC entities and either an SRAP entity or the N3C, when indicating the PDCP data volume to a MAC entity for BSR triggering and Buffer Size calculation (as specified in TS 38.321 [4] and TS 36.321 [12]), the transmitting PDCP entity shall:
-	if the PDCP duplication is activated for the RB:
-	indicate the PDCP data volume to the MAC entity associated with the primary RLC entity or MP primary path;
-	indicate the PDCP data volume excluding the PDCP Control PDU to the MAC entity associated with the RLC entity other than the primary RLC entity, or the MAC entity associated with the MP secondary path, activated for PDCP duplication;
-	indicate the PDCP data volume as 0 to the MAC entity associated with RLC entity deactivated for PDCP duplication;
-	else (i.e. the PDCP duplication is deactivated for the RB or the RB is a DAPS bearer):
-	if the split secondary RLC entity is configured; and
-	if the total amount of PDCP data volume and RLC data volume pending for initial transmission (as specified in TS 38.322 [5]) in the primary RLC entity and the split secondary RLC entity is equal to or larger than ul-DataSplitThreshold:
-	indicate the PDCP data volume to both the MAC entity associated with the primary RLC entity and the MAC entity associated with the split secondary RLC entity;
-	indicate the PDCP data volume as 0 to the MAC entity associated with RLC entity other than the primary RLC entity and the split secondary RLC entity;
-	else, if the total amount of PDCP data volume, RLC data volume pending for initial transmission (as specified in TS 38.322 [5]) in the primary RLC entity (including the RLC entity associated with the SRAP entity, and data volume pending for either transmission in the N3C (if available), or mapped SL RLC entity associated with the SRAP entity, is equal to or larger than ul-DataSplitThreshold:
-	indicate the PDCP data volume to the MAC entity(ies);
-	else, if the transmitting PDCP entity is associated with the DAPS bearer:
-	if the uplink data switching has not been requested:
-	indicate the PDCP data volume to the MAC entity associated with the source cell;
-	else:
-	indicate the PDCP data volume excluding the PDCP Control PDU for interspersed ROHC feedback associated with the source cell to the MAC entity associated with the target cell;
-	indicate the PDCP data volume of PDCP Control PDU for interspersed ROHC feedback associated with the source cell to the MAC entity associated with the source cell;
-	else:
-	if the transmitting PDCP entity is not associated with either one SRAP entity or the N3C:
-	indicate the PDCP data volume to the MAC entity associated with the primary RLC entity or MP primary path;
-	indicate the PDCP data volume as 0 to the MAC entity associated with the RLC entity other than the primary RLC entity or MAC entity associated with the MP secondary path, if present.;
-	else (i.e., MP):
-	if primaryPathOnIndirectPath is not set to true (i.e., MP primary path is on the direct path):
-	indicate the PDCP data volume to the MAC entity associated with the primary RLC entity;
-	indicate the PDCP data volume as 0 to the MAC entity associated with the SRAP entity or N3C;
-	else:
-	indicate the PDCP data volume to the MAC entity associated with the SRAP entity or N3C;
-	indicate the PDCP data volume to the MAC entity associated with the direct path including all RLC entities.

	Start of the fourth change







