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1. Introduction
PDCP duplication was discussed in last e-meeting and the open issues are captured in [1]. This contribution will discuss the leftovers of PDCP duplication in RAN2 except the Rel-15 MAC CE considered in [2].
	38.300: For NR-DC, it is FFS how the nodes can coordinate RLC entities activation/deactivation between each other (pending RAN3 discussions).

	38.331: Editor’s Note: The name splitSecondaryPath needs to be confirmed, and the impacts on the legacy split bearer operation (if any) may need to be considered

	38.331: Whether (and how) it needs to be clarified the PDCP duplication states of the associated RLCs are if moreThanTwoRLC is present but duplicationState is absent

	38.323 - FFS whether and how the following agreement impacts specifications: “If Rel-16 MAC CE indicates all secondary RLC entities are deactivated for a DRB, the UE shall deactivate PDCP duplication for the DRB.”

	38.321: It is assumed that index i for RLCi field is determined by ascending order of logical channel ID of secondary RLC entities in MCG and SCG. But it may need a confirmation.


2. Discussion
2.1 Parameter splitSecondaryPath
This issue includes two aspects: The name splitSecondaryPath and possible impacts on the legacy split bearer.
2.1.1 The name splitSecondaryPath
In RRC specification, it is stated that splitSecondaryPath indicates the LCID of the split secondary RLC entity. The terminology “split secondary RLC entity” exists in PDCP specification for split bearer operation. So the name splitSecondaryPath is OK and this sub-issue is aligned between RRC and PDCP.
	TS38.331 V16.0.0 [3]
	PDCP-Config field descriptions

	splitSecondaryPath
Indicates the LCID of the split secondary RLC entity as specified in TS 38.323 [5] for fallback to split bearer operation when UL data transmission with more than two RLC entities is associated with the PDCP entity. This RLC entity belongs to a cell group that is different from the cell group indicated by cellGroup in the field primaryPath. 
Editor's Note: The name splitSecondaryPath needs to be confirmed, and the impacts on the legacy split bearer operation (if any) may need to be considered.




	TS38.323 V16.0.0 [4]
3.1	Definitions
…
Split secondary RLC entity: in dual connectivity, the RLC entity other than the primary RLC entity which is responsible for split bearer operation.


Proposal 1: Confirm the name splitSecondaryPath is OK in RRC specification.

2.1.2 The impacts on the legacy split bearer operation
Although the name splitSecondaryPath in RRC is OK, the split bearer operation descripted in PDCP specification [4] is not correct.
1. In 38.331
In 38.331, split secondary RLC entity is related to the parameter splitSecondaryPath only. But splitSecondaryPath is configured with the condition “MoreThanTwoRLC”. So it will not exist for legacy DC configuration in which one RLC entity is configured in one CG.
	–	PDCP-Config
The IE PDCP-Config is used to set the configurable PDCP parameters for signalling and data radio bearers.
PDCP-Config information element
-- ASN1START
-- TAG-PDCP-CONFIG-START

PDCP-Config ::=         SEQUENCE {
   …
    moreThanOneRLC          SEQUENCE {
        primaryPath             SEQUENCE {
            cellGroup               CellGroupId                                                 OPTIONAL,   -- Need R
            logicalChannel          LogicalChannelIdentity                                      OPTIONAL    -- Need R
        },
        ul-DataSplitThreshold   UL-DataSplitThreshold                                           OPTIONAL,   -- Cond SplitBearer
        pdcp-Duplication            BOOLEAN                                                     OPTIONAL    -- Need R
    }                                                                                           OPTIONAL,   -- Cond MoreThanOneRLC

  …
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]    moreThanTwoRLC-r16      SEQUENCE {
        splitSecondaryPath      LogicalChannelIdentity                                          OPTIONAL,   -- Cond SplitBearer2
        duplicationState        SEQUENCE (SIZE (3)) OF BOOLEAN                                  OPTIONAL    -- Need M
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]    }                                                                                           OPTIONAL,   -- Cond MoreThanTwoRLC
 }          
	PDCP-Config field descriptions

	splitSecondaryPath
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Indicates the LCID of the split secondary RLC entity as specified in TS 38.323 [5] for fallback to split bearer operation when UL data transmission with more than two RLC entities is associated with the PDCP entity. This RLC entity belongs to a cell group that is different from the cell group indicated by cellGroup in the field primaryPath. 
Editor's Note: The name splitSecondaryPath needs to be confirmed, and the impacts on the legacy split bearer operation (if any) may need to be considered.



	Conditional presence
	Explanation

	MoreThanTwoRLC
	This field is mandatory present upon RRC reconfiguration with setup of a PDCP entity for a radio bearer with more than two associated logical channels and upon RRC reconfiguration with the association of more than one additional logical channel to the PDCP entity.
Upon RRC reconfiguration when none of the RLC entities is re-established, this field is optionally present, Need M. Otherwise, the field is absent, Need R.






2. In 38.323
In PDCP specification, the terminology “secondary RLC entity” for legacy split bearer is replaced by “split secondary RLC entity” in Rel-16.
	[bookmark: _Toc12616317][bookmark: _Toc37126928][bookmark: OLE_LINK9][bookmark: OLE_LINK10]3.1	Definitions
…
Split secondary RLC entity: in dual connectivity, the RLC entity other than the primary RLC entity which is responsible for split bearer operation.
…
[bookmark: _Toc37126946]5.2	Data transfer
[bookmark: _Toc12616335][bookmark: _Toc37126947]5.2.1	Transmit operation
…
When submitting a PDCP PDU to lower layer, the transmitting PDCP entity shall:
-	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 at least two RLC entities:
-	if the PDCP duplication is activated:
…
-	else:
-	if the split secondary RLC entity is configured; and
-	if the transmitting PDCP entity is not associated with a DAPS bearer; 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:
-…
-	else:
-	submit the PDCP PDU to the primary RLC entity.
…
[bookmark: _Toc12616345][bookmark: _Toc37126959]5.6	Data volume calculation
…
-	else:
[bookmark: OLE_LINK11]-	if the split secondary RLC entity is configured; and
-	if the transmitting PDCP entity is not associated with a DAPS bearer; 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;


3. Conclusion
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]In RRC, “split secondary RLC entity” is related to parameter splitSecondaryPath only. It seems the split secondary RLC entity is configured only when more than two RLC entities configured. However, “if the split secondary RLC entity is configured” is the basic condition for split bearer operation in PDCP.
Observation 1: Based on current specifications, legacy split bearer operation cannot be performed at all.
To solve the question, a simple way is to add some explanation in 38.323 for “split secondary RLC entity” as below:
	Split secondary RLC entity: in dual connectivity, the RLC entity other than the primary RLC entity which is responsible for split bearer operation. It is indicated by splitSecondaryPath if configured, otherwise, it is the RLC entity other than the primary RLC entity if only two RLC entities are configured and belong to different Cell Groups.


Proposal 2: Add explanation for the terminology “Split secondary RLC entity” in 38.323 to clarify it is applied to both two RLC entities configuration and more than two RLC entities configuration.
2.2 moreThanTwoRLC and duplicationState
On the configuration of duplicationState, one issue is “Whether (and how) it needs to be clarified the PDCP duplication states of the associated RLCs are if moreThanTwoRLC is present but duplicationState is absent”.
The parameter duplicationState is used to indicate the initial state (activated or deactivated) of each RLC entity configured for PDCP duplication. It is a replacement of the parameter pdcp-Duplication when more than two RLC entities are configured.
For the parameter pdcp-Duplication, its presence indicates PDCP duplication is configured and its value indicates the initial duplication state. But in Rel-16, the presence of moreThanTwoRLC indicates that PDCP duplication is configured. So the usage of duplicationState is to indicate the initial duplication state for the associated RLC entities only. If moreThanTwoRLC is present but duplicationState is absent, the initial duplication state for all secondary RLC entities should be deactivated, which is equal to setting duplicationState as “000”.

	TS38.331
	duplicationState
This field indicates the initial uplink PDCP duplication state for the associated RLC entities. If set to true, the initial PDCP duplication state is activated for the associated RLC entity. The index for the indication is determined by ascending order of logical channel ID of all RLC entities other than the primary RLC entity indicated by primaryPath in the order of MCG and SCG, as in clause 6.1.3.Y of TS 38.321 [3]. If the number of associated RLC entities other than the primary RLC entity is two, UE ignores the value in the largest index of this field. The initial PDCP duplication state of the associated RLC entity is always activated for SRB. 

	[bookmark: _Hlk515270963]pdcp-Duplication
Indicates whether or not uplink duplication status at the time of receiving this IE is configured and activated as specified in TS 38.323 [5]. The presence of this field indicates that duplication is configured. PDCP duplication is not configured for CA packet duplication of LTE RLC bearer. The value of this field, when the field is present, indicates the initial state of the duplication. If set to true, duplication is activated. The value of this field is always true, when configured for a SRB. This field is absent, if the field moreThanTwoRLC is present. 






Proposal 3: If moreThanTwoRLC is present but duplicationState is absent, the initial duplication state for all secondary RLC entities should be deactivated, which is equal to setting duplicationState to “000”.
2.3 PDCP duplication deactivated by Rel-16 MAC CE
An open issue for 38.323 is: “FFS whether and how the following agreement impacts specifications: ‘If Rel-16 MAC CE indicates all secondary RLC entities are deactivated for a DRB, the UE shall deactivate PDCP duplication for the DRB.’”
PDCP duplication deactivated by Rel-16 MAC CE is captured in MAC and PDCP as below.
	TS 38.321
5.10	Activation/Deactivation of PDCP duplication
If one or more DRBs are configured with PDCP duplication, the network may activate and deactivate the PDCP duplication for all or a subset of associated RLC entities for the configured DRB(s).
The PDCP duplication for the configured DRB(s) is activated and deactivated by:
-	receiving the Duplication Activation/Deactivation MAC CE described in clause 6.1.3.11;
-	receiving the Duplication RLC Activation/Deactivation MAC CE described in clause 6.1.3.Y;
-	indication by RRC.
…
The MAC entity shall for each DRB configured with PDCP duplication:
…
1>	if a Duplication RLC Activation/Deactivation MAC CE is received deactivating PDCP duplication for associated RLC entities of a DRB configured with PDCP duplication:
2>	indicate the deactivation of PDCP duplication for the indicated secondary RLC entity(ies) of the DRB to upper layers.


	TS38.323
[bookmark: _Toc12616359][bookmark: _Toc37126973]5.11.1	Activation/Deactivation of PDCP duplication
For the PDCP entity configured with pdcp-Duplication, the transmitting PDCP entity shall:
…
-	for DRBs:
-	if the activation of PDCP duplication is indicated:
-	activate the PDCP duplication for the indicated associated RLC entities;
-	if the deactivation of PDCP duplication is indicated:
-	deactivate the PDCP duplication for the indicated associated RLC entities.
Editor's Note: The text needs to be updated after the roles of Rel-15 Duplication MAC CE and Rel-16 Duplication MAC CE are decided.




Observation 2: MAC specifies Rel-16 MAC CE can be used to deactivate duplication for a DRB.
Observation 3: MAC indicates the deactivation of PDCP duplication for the indicated secondary RLC entity(ies) of the DRB to upper layers and PDCP follows the indication.
Based on the observations, it is clear that PDCP duplication for a DRB is deactivated when all secondary RLC entities are deactivated and no further specification work is needed.
Proposal 4: No further specification work is needed for the agreement “If Rel-16 MAC CE indicates all secondary RLC entities are deactivated for a DRB, the UE shall deactivate PDCP duplication for the DRB”.
2.4 RLCi in Rel16 MAC CE
The last open issue is related to the RLC indication in Rel-16 MAC CE. 
	6.1.3.Y	Duplication RLC Activation/Deactivation MAC CE
The Duplication RLC Activation/Deactivation MAC CE is identified by a MAC subheader with LCID as specified in Table 6.2.1-1. It has a fixed size and consists of a single octet defined as follows (Figure 6.1.3.Y-1). 
· DRB ID: This field indicates the identity of DRB for which the MAC CE applies. The length of the field is 5 bits; 
· RLCi: This field indicates the activation/deactivation status of PDCP duplication for the RLC entity i where i is ascending order of logical channel ID of secondary RLC entities in the order of MCG and SCG, for the DRB. The RLCi field is set to 1 to indicate that the PDCP duplication for the RLC entity i shall be activated. The RLCi field is set to 0 to indicate that the PDCP duplication for the RLC entity i shall be deactivated.


Figure 6.1.3.Y-1: Duplication RLC Activation/Deactivation MAC CE
[bookmark: _GoBack]Editor’s Note: It is assumed that index i for RLCi field is determined by ascending order of logical channel ID of secondary RLC entities in MCG and SCG. But it may need a confirmation.



The assumption “index i for RLCi field is determined by ascending order of logical channel ID of secondary RLC entities in MCG and SCG” is a common way in MAC. We are fine with this assumption.
Proposal 5: The description of index i for RLCi field can be agreed.
3. Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the analysis in section 2, we propose:
Proposal 1: Confirm the name splitSecondaryPath is OK in RRC specification.
Proposal 2: Add explanation for the terminology “Split secondary RLC entity” in 38.323 to clarify it is applied to both two RLC entities configuration and more than two RLC entities configuration.
Proposal 3: If moreThanTwoRLC is present but duplicationState is absent, the initial duplication state for all secondary RLC entities should be deactivated, which is equal to setting duplicationState to “000”.
Proposal 4: No further specification work is needed for the agreement “If Rel-16 MAC CE indicates all secondary RLC entities are deactivated for a DRB, the UE shall deactivate PDCP duplication for the DRB”.
Proposal 5: The description of index i for RLCi field can be agreed.

TPs on 38.323, 38.321 and 38.331 are suggested in section 5. 
· The proposal 1 and 3 are captured in 38.331 and a draft CR is provided in [6];
· The proposal 2 is captured in 38.323;
· The proposal 5 is captured in 38.321.
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5. Annex: TPs on 38.323, 38.321 and 38.331

5.1 [bookmark: OLE_LINK2][bookmark: OLE_LINK1]TP on 38.323
[bookmark: _Toc20428251]Start of change
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.
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.
Non-split bearer: a bearer whose radio protocols are located in either the MgNB or the SgNB to use MgNB or SgNB resource, respectively.
NR sidelink communication: AS functionality enabling at least V2X communication as defined in TS 23.287 [13], between two or more nearby UEs, using NR technology but not traversing any network node.
PDCP data volume: the amount of data available for transmission in a PDCP entity.
Split bearer: in dual connectivity, a bearer whose radio protocols are located in both the MgNB and the SgNB to use both MgNB and SgNB resources.
Split secondary RLC entity: in dual connectivity, the RLC entity other than the primary RLC entity which is responsible for split bearer operation. It is indicated by splitSecondaryPath if configured, otherwise, it is the RLC entity other than the primary RLC entity if only two RLC entities are configured which belong to the different Cell Groups.
[bookmark: OLE_LINK13][bookmark: OLE_LINK12]End of change

5.2 TP on 38.321
Start of change


6.1.3.Y	Duplication RLC Activation/Deactivation MAC CE
The Duplication RLC Activation/Deactivation MAC CE is identified by a MAC subheader with LCID as specified in Table 6.2.1-1. It has a fixed size and consists of a single octet defined as follows (Figure 6.1.3.Y-1). 
· DRB ID: This field indicates the identity of DRB for which the MAC CE applies. The length of the field is 5 bits; 
· RLCi: This field indicates the activation/deactivation status of PDCP duplication for the RLC entity i where i is ascending order of logical channel ID of secondary RLC entities in the order of MCG and SCG, for the DRB. The RLCi field is set to 1 to indicate that the PDCP duplication for the RLC entity i shall be activated. The RLCi field is set to 0 to indicate that the PDCP duplication for the RLC entity i shall be deactivated.


Figure 6.1.3.Y-1: Duplication RLC Activation/Deactivation MAC CE
Editor’s Note: It is assumed that index i for RLCi field is determined by ascending order of logical channel ID of secondary RLC entities in MCG and SCG. But it may need a confirmation.

End of change
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5.3 TP on 38.331
Start of change

[bookmark: _Toc37068009][bookmark: _Toc36843720][bookmark: _Toc36836743][bookmark: _Toc36757202][bookmark: _Toc29321432][bookmark: _Toc20426036]–	PDCP-Config
The IE PDCP-Config is used to set the configurable PDCP parameters for signalling and data radio bearers.
PDCP-Config information element
-- ASN1START
-- TAG-PDCP-CONFIG-START

[bookmark: _Hlk514739587]PDCP-Config ::=         SEQUENCE {
    drb                     SEQUENCE {
      …                                                                                        OPTIONAL,   -- Cond DRB
    moreThanOneRLC          SEQUENCE {
        primaryPath             SEQUENCE {
            cellGroup               CellGroupId                                                 OPTIONAL,   -- Need R
            logicalChannel          LogicalChannelIdentity                                      OPTIONAL    -- Need R
        },
        ul-DataSplitThreshold   UL-DataSplitThreshold                                           OPTIONAL,   -- Cond SplitBearer
        pdcp-Duplication            BOOLEAN                                                     OPTIONAL    -- Need R
    }                                                                                           OPTIONAL,   -- Cond MoreThanOneRLC
   …
    moreThanTwoRLC-r16      SEQUENCE {
        splitSecondaryPath      LogicalChannelIdentity                                          OPTIONAL,   -- Cond SplitBearer2
        duplicationState        SEQUENCE (SIZE (3)) OF BOOLEAN                                  OPTIONAL    -- Need M
    }                                                                                           OPTIONAL,   -- Cond MoreThanTwoRLC
   …

UL-DataSplitThreshold ::= ENUMERATED {
                                            b0, b100, b200, b400, b800, b1600, b3200, b6400, b12800, b25600, b51200, b102400, b204800,
                                            b409600, b819200, b1228800, b1638400, b2457600, b3276800, b4096000, b4915200, b5734400,
                                            b6553600, infinity, spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1}

-- TAG-PDCP-CONFIG-STOP
-- ASN1STOP

	PDCP-Config field descriptions

	…

	duplicationState
This field indicates the initial uplink PDCP duplication state for the associated RLC entities. If set to true, the initial PDCP duplication state is activated for the associated RLC entity. The index for the indication is determined by ascending order of logical channel ID of all RLC entities other than the primary RLC entity indicated by primaryPath in the order of MCG and SCG, as in clause 6.1.3.Y of TS 38.321 [3]. If the number of associated RLC entities other than the primary RLC entity is two, UE ignores the value in the largest index of this field. The initial PDCP duplication state of the associated RLC entity is always activated for SRB. The absence of this field indicates the initial PDCP duplication states of all associated RLC entities are deactivated if moreThanTwoRLC is present.

	…

	splitSecondaryPath
Indicates the LCID of the split secondary RLC entity as specified in TS 38.323 [5] for fallback to split bearer operation when UL data transmission with more than two RLC entities is associated with the PDCP entity. This RLC entity belongs to a cell group that is different from the cell group indicated by cellGroup in the field primaryPath. 
Editor's Note: The name splitSecondaryPath needs to be confirmed, and the impacts on the legacy split bearer operation (if any) may need to be considered.

	…



End of change
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