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1	Introduction
In this paper, we discuss corrections regarding clarifying references to CA duplication when more than two RLC entities are supported. 
[bookmark: _Ref178064866]2	Discussion
In Rel-15 specification, since only two associated RLC entities were supported with PDCP packet duplication, either CA duplication with both RLC entities in one cell group or DC duplication with the RLC entities in different cell groups, were supported. In Rel-16, with support for more than two associated RLC entities for PDCP packet duplication, there are multiple combinations options of up to four RLC entities in the two cell groups. 
Let’s review the related specification references in the following and conclude which definition should be incorporated throughout the specifications, i.e. including Stage2 description. Now, Stage 2 states the following:
When duplication is activated, the original PDCP PDU and the corresponding duplicate(s) shall not be transmitted on the same carrier. The primary and secondary logical channels can either belong to the same MAC entity (referred to as CA duplication) or to different ones (referred to as DC or DC+CA duplication). CA duplication can be configured together with DC duplication when duplication over more than two legs is configured in the UE. In CA duplication, logical channel mapping restrictions are used in MAC to ensure that the primary and secondary logical channels are not sent on the same carrier. When CA duplication is configured for an SRB, one of the logical channels associated to the SRB is mapped to SpCell.
When CA duplication is deactivated for a DRB, the logical channel mapping restrictions of the primary and secondary logical channels are lifted for as long as duplication remains deactivated.
When an RLC entity acknowledges the transmission of a PDCP PDU, the PDCP entity shall indicate to the other RLC entity(ies) to discard it. In addition, in case of CA duplication, when an RLC entity restricted to only SCell(s) reaches the maximum number of retransmissions for a PDCP PDU, the UE informs the gNB but does not trigger RLF.
We note that PDCP specification does not differentiate between CA and DC duplication. 
In MAC specification, the only reference regarding CA duplication is: 
2>	allowedServingCells, if configured, includes the Cell information associated to the UL grant. Does not apply to logical channels associated with a DRB configured with PDCP duplication within the same MAC entity (i.e. CA duplication) for which PDCP duplication is deactivated; and
There are multiple references in RRC, i.e.:
	5.3.10.3	Detection of radio link failure
…
3>	if the indication is from MCG RLC and CA duplication is configured and activated, and for the corresponding logical channel allowedServingCells only includes SCell(s):
4>	initiate the failure information procedure as specified in 5.7.5 to report RLC failure.
…
2>	if the indication is from SCG RLC and CA duplication is configured and activated; and for the corresponding logical channel allowedServingCells only includes SCell(s):
3>	initiate the failure information procedure as specified in 5.7.5 to report RLC failure.
…
LogicalChannelConfig ::=            SEQUENCE {
        allowedServingCells                 SEQUENCE (SIZE (1..maxNrofServingCells-1)) OF ServCellIndex                                                                                                                OPTIONAL,   -- PDCP-CADuplication
…
	PDCP-CADuplication
	The field is mandatory present if the DRB/SRB associated with this logical channel is configured with PDCP CA duplication in UL (i.e. the PDCP entity is associated with multiple RLC entities belonging to the same cell group). Otherwise the field is optionally present, need R.


…
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 state of the duplication at the time of receiving this IE. If set to true, duplication is activated. The value of this field is always true, when configured for a SRB. For PDCP entity with more than two associated RLC entities, this field is always present. If the field moreThanTwoRLC-DRB is present, the value of this field is ignored and the state of the duplication is indicated by duplicationState. For PDCP entity with more than two associated RLC entities, only NR RLC bearer is supported.
…
primaryPath
Indicates the cell group ID and LCID of the primary RLC entity as specified in TS 38.323 [5], clause 5.2.1 for UL data transmission when more than one RLC entity is associated with the PDCP entity. In this version of the specification, only cell group ID corresponding to MCG is supported for SRBs. The NW indicates cellGroup for split bearers using logical channels in different cell groups. The NW indicates logicalChannel for CA based PDCP duplication, i.e., if both logical channels terminate in the same cell group.



The first issue is whether allowedServingCells LCH restrictions are not applied when PDCP duplication is deactivated in the same cell group – since not needed anymore to keep duplicated data transmitted on different cells. This exception had been introduced so that duplicated data on the secondary RLC entity from time just before the deactivation does not get stuck and can be transmitted via any cell. Additionally, the restriction is not applied anymore for the last remaining LCH (the primary LCH) when PDCP duplication is deactivated. Given the extended PDCP duplication configuration options to configure up to four RLC entities distributed to MCG and SCG in Rel-16, clarifications are needed. The high level principles should be kept from Rel-15 and generalized for Rel-16.
· For DRB configured with PDCP duplication, only when there are multiple RLC entities towards duplication is activated within one cell group, the allowedServingCells restriction is needed, otherwise it’s not applied. 
It requires e.g.
· If RLC entity deactivated for duplication, don’t apply its allowedServingCells.
· If there is only one RLC entity remaining in the cell group, don’t apply its allowedServingCells.
This should be independent of whether there are other RLC entities active in the other cell group, meaning that the allowedServingCell restriction must not be conditioned to overall PDCP duplication activation status. Referring to “CA duplication activated/deactivated” might thus also be unclear, unless CA duplication status is clearly defined. We propose the following (see also TP in annex): 
[bookmark: _Toc47611769]CA duplication means: PDCP duplication towards at least two RLC entities per cell group (independent of whether DRB has further RLC entities in other cell group). CA duplication is considered activated if at least two RLC entities per cell group are activated for duplication (independent of whether DRB has further RLC entities activated/deactivated in other cell group).
[bookmark: _Toc47604701][bookmark: _Toc47611770]allowedServingCells does not apply to LCH of DRB with PDCP duplication configured: if duplication towards this LCH is deactivated, or it is the only LCH duplication that is activated for in this cell group.
The second issue is related to RLC failure reporting in case of SCell failures when PDCP duplication is applied. The question is whether the failure information is also triggered in scenarios where multiple RLC entities are involved in the cell group and whether it depends on RLC entities of the DRB in the other cell group. Since there is also MCG/SCG failure information in DC, the SCell failure information should only be triggered when there are multiple RLC entities active in the cell group, independent of the other cell group. Therefore, we propose: 
[bookmark: _Toc47611771]RLC failure reporting is triggered in case of RLC failure if there are multiple active RLC entities for a DRB with PDCP duplication configured in this cell group.
Furthermore, there is a reference to CA packet duplication of LTE RLC bearer, which (according to current specification) is not allowed to be used together with Rel-16 moreThanTwoRLC-DRB duplication, therefore no clarification is needed for this issue. 
Moreover, regarding the definition of primaryPath, which defines the primary (fallback) path of PDCP duplication, which can be in either cell group and either RLC entity, the description states currently that logicalChannel (i.e. which RLC entity in a cell group) must be indicated in case of CA duplication, which is defined as “both” logical channels in same cell group. The definition is outdated, and should be updated to in case of multiple logical channels of the PDCP duplication bearer terminate in the cell group. 
[bookmark: _Toc47611772]The logicalChannel of the primaryPath must be defined in case of multiple logical channels of PDCP duplication bearer are associated with cell group. 
In all cases above, it becomes obvious that CA duplication references don’t refer to exclusive CA duplication (without DC duplication), but refer to having RLC entities associated with PDCP duplication in the same cell group, including CA-only duplication and CA+DC duplication. Therefore, we propose to clarify in Stage 2 the meaning of CA duplication: 
[bookmark: _Toc47611773]CA duplication refers to the operation of multiple RLC entities associated with PDCP duplication DRB, in the same cell group. 
It is noteworthy that there is no reference to “CA+DC” duplication in other parts of the specification except Stage2. Beside definition of “CA duplication” and “DC duplication”, there seems no need to define the “CA+DC” mode. Therefore, we propose to remove it from Stage2, see TP.
4	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	CA duplication means: PDCP duplication towards at least two RLC entities per cell group (independent of whether DRB has further RLC entities in other cell group). CA duplication is considered activated if at least two RLC entities per cell group are activated for duplication (independent of whether DRB has further RLC entities activated/deactivated in other cell group).
Proposal 2	allowedServingCells does not apply to LCH of DRB with PDCP duplication configured: if duplication towards this LCH is deactivated, or it is the only LCH duplication that is activated for in this cell group.
Proposal 3	RLC failure reporting is triggered in case of RLC failure if there are multiple active RLC entities for a DRB with PDCP duplication configured in this cell group.
Proposal 4	The logicalChannel of the primaryPath must be defined in case of multiple logical channels of PDCP duplication bearer are associated with cell group.
Proposal 5	CA duplication refers to the operation of multiple RLC entities associated with PDCP duplication DRB, in the same cell group.

[bookmark: _In-sequence_SDU_delivery]5	Text proposal
38.300
[bookmark: _GoBack]When duplication is activated, the original PDCP PDU and the corresponding duplicate(s) shall not be transmitted on the same carrier. The primary and secondary logical channels can either belong to the same MAC entity (referred to as CA duplication in this MAC entity if multiple logical channels belong to this MAC entity) or to different ones (referred to as DC or DC+CA duplication). CA duplication can be configured together with DC duplication when duplication over more than two legs is configured in the UE. CA duplication is considered activated in MAC entity if PDCP duplication is activated towards at least two RLC entities. In CA duplication, logical channel mapping restrictions are used in MAC to ensure that the primary and secondary logical channels are not sent on the same carrier. When CA duplication is configured for an SRB, one of the logical channels associated to the SRB is mapped to SpCell.
When CA duplication is deactivated fortowards a logical channel of a DRB configured with PDCP duplication, or there is only one logical channel towards which PDCP duplication is activated in this MAC entity, the logical channel mapping restrictions of the primary and secondary logical channels arechannel is lifted for as long as duplication remains deactivated towards it, or it is the only logical channel towards PDCP duplication is activated.
When an RLC entity acknowledges the transmission of a PDCP PDU, the PDCP entity shall indicate to the other RLC entity(ies) to discard it. In addition, in case of CA duplication, when an RLC entity restricted to only SCell(s) reaches the maximum number of retransmissions for a PDCP PDU, the UE informs the gNB but does not trigger RLF.
38.321
2>	allowedServingCells, if configured, includes the Cell information associated to the UL grant. Does not apply to logical channels associated with a DRB configured with PDCP duplication within the same MAC entity  (i.e. CA duplication) for which PDCP duplication is deactivated; towards which PDCP duplication is deactivated, or if it is the only logical channel of the DRB in this MAC entity for which PDCP duplication is activated (i.e. CA duplication in this MAC entity is deactivated); and
38.331
	5.3.10.3	Detection of radio link failure
…
3>	if the indication is from MCG RLC and CAPDCP duplication is configured and activated, for at least two RLC entities within MCG (i.e. CA duplication in MCG), and for the corresponding logical channel allowedServingCells only includes SCell(s):
4>	initiate the failure information procedure as specified in 5.7.5 to report RLC failure.
…
2>	if the indication is from SCG RLC and CAPDCP duplication is configured and activated; for at least two RLC entities within SCG (i.e. CA duplication in SCG), and for the corresponding logical channel allowedServingCells only includes SCell(s):
3>	initiate the failure information procedure as specified in 5.7.5 to report RLC failure.
…
LogicalChannelConfig ::=            SEQUENCE {
        allowedServingCells                 SEQUENCE (SIZE (1..maxNrofServingCells-1)) OF ServCellIndex
                                                                                                                OPTIONAL,   -- PDCP-CADuplication
…
	PDCP-CADuplication
	The field is mandatory present if the DRB/SRB associated with this logical channel is configured with PDCP CA duplication in UL (i.e. the PDCP entity is associated with multiple RLC entities belonging to the same cell group). Otherwise the field is optionally present, need R.


…
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 state of the duplication at the time of receiving this IE. If set to true, duplication is activated. The value of this field is always true, when configured for a SRB. For PDCP entity with more than two associated RLC entities, this field is always present. If the field moreThanTwoRLC-DRB is present, the value of this field is ignored and the state of the duplication is indicated by duplicationState. For PDCP entity with more than two associated RLC entities, only NR RLC bearer is supported.
…
primaryPath
Indicates the cell group ID and LCID of the primary RLC entity as specified in TS 38.323 [5], clause 5.2.1 for UL data transmission when more than one RLC entity is associated with the PDCP entity. In this version of the specification, only cell group ID corresponding to MCG is supported for SRBs. The NW indicates cellGroup for split bearers using logical channels in different cell groups. The NW indicates logicalChannel for CA based PDCP duplication, i.e., if bothmultiple logical channels terminate in the same cell group.
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