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[bookmark: _Ref165266342]Introduction
In RAN2#110e meeting, RAN2 discussed the relationship between CA duplication, DC duplication and DC+CA duplication and achieved the following agreement:
Clarify DC+CA duplication in 38.300. 3+1 duplication scenario also needs to be considered. CA duplication may need clarification. Wording to be worked on. 
In this contribution, we continue to try to clarify the definition of DC+CA duplication and CA duplication. Besides, we also will discuss the handling of cell restriction when CA duplication is deactivated and give our proposals.
Discussion
The definition of CA duplication
Based on the latest TS 38.300 g20 as following, CA duplication can only be configured in the cell group that the primary logical channel is located in.
	16.1.3	Packet Duplication
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).


Observation 1: In the current specification, CA duplication can only be configured in the cell group where the primary logical channel is located in.
Moreover, in the latest TS 38.300 g20, it is specified that “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”. In other word, logical channel mapping restrictions may not be configured even though more than one RLC entity is configured in the cell group without primary logical channel configured. As shown in the following Fig.1, logical channel mapping restrictions may not be configured for the logical channels in SCG.
RAN2 has agreed that “When duplication is activated, the original PDCP PDU and the corresponding duplicate(s) shall not be transmitted on the same carrier”. If the Logical channel mapping restrictions may not be configured for more than one logical channels belonging to the cell group without primary logical channel configured, it will goes against the basic design principle of PDCP duplication.


      
Figure 1. DC+ CA duplication
Observation 2: For DC+CA duplication, logical channel mapping restrictions may not be configured for the logical channels belonging to the cell group without primary logical channel configured, which may go against the design principle that “the original PDCP PDU and the corresponding duplicate(s) shall not be transmitted on the same carrier”.
Based on the latest TS 38.321 g10 as following, when CA duplication is deactivated, MAC entity will not apply the logical channel mapping restriction. However, if the logical channel mapping restriction is configured for the logical channels belonging to the cell group without primary logical channel configured, the logical channel mapping restrictions cannot be lifted even though these logical channels are deactivated for PDCP duplication.
	[bookmark: _Toc29239841][bookmark: _Toc46490326][bookmark: _Toc37296200]5.4.3.1.2	Selection of logical channels
The MAC entity shall, when a new transmission is performed:
1>	select the logical channels for each UL grant that satisfy all the following conditions:
2>	the set of allowed Subcarrier Spacing index values in allowedSCS-List, if configured, includes the Subcarrier Spacing index associated to the UL grant; and
2>	maxPUSCH-Duration, if configured, is larger than or equal to the PUSCH transmission duration associated to the UL grant; and
2>	configuredGrantType1Allowed, if configured, is set to true in case the UL grant is a Configured Grant Type 1; and
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
2>	allowedCG-List, if configured, includes the configured grant index associated to the UL grant; and
2>	allowedPHY-PriorityIndex, if configured, includes the priority index (as specified in clause 9 of TS 38.213 [6]) associated to the dynamic UL grant.
NOTE:	The Subcarrier Spacing index, PUSCH transmission duration, Cell information, and priority index are included in Uplink transmission information received from lower layers for the corresponding scheduled uplink transmission.


Observation 3: For DC+CA duplication, the logical channel mapping restrictions of the logical channels belonging to the cell group without primary logical channel configured cannot be lifted when these logical channels are deactivated for PDCP duplication.
In order to minimize the change of specification, the best way is that more than one logical channels belonging to the same MAC entity is also referred to as CA duplication regardless of the location of primary logical channel.
Proposal 1: For DC+CA duplication, more than one logical channels belonging to the same MAC entity is also referred to as CA duplication. 
The handling of cell restriction when CA duplication is deactivated
In R15, the logical channel mapping restriction is introduced to guarantee the primary and secondary logical channels are not sent on the same carrier when CA duplication. Thus, when CA duplication is deactivated, the logical channel mapping restriction is lifted. Based on our understanding, this design principle should also apply to the DC+CA duplication.
During the email discussion in the RAN2#110e meeting, one issue is raised, which will be explained by the example. As the following figure, if RLC 2 are deactivated (i.e., CA duplication is deactivated), the scenario is changed to DC duplication. Based on the current specification, LCH mapping restriction for RLC 1 and RLC 2 is lifted even DC duplication is activated (i.e. RLC 1 and RLC 3 are activated), which go against that LCH mapping restriction is applied when DC duplication is activated.
However, in Rel-15, RAN2 agreed that LCH-to-Cell restriction can be configured for DC-duplicated DRB regardless of duplication activation or not. In other word, for DC duplication, LCH-to-Cell restriction can be configured for non-duplication purpose. Thus, when DC duplication is deactivated, the logical channel mapping restriction is not lifted. For DC+CA duplication, the logical channel mapping restriction which is configured for the logical channels belonging to the cell group without primary logical channel configured is for duplication purpose. Thus, the logical channel mapping restriction should be lifted if these logical channel is deactivated for PDCP duplication regardless of the activation/deactivation state of DC duplication.
Considering that no enhancement on LCH mapping restriction is agreed for DC+CA duplication so far, we prefer not to optimize this use case. 



Fig.2
Proposal 2: When CA duplication is deactivated, the logical channel mapping restriction of the related logical channels are lifted for as long as CA duplication remains deactivated. 
Conclusions
Based on the analysis given above, we have the following Observations and Proposals:
Observation 1: In the current specification, CA duplication can only be configured in the cell group where the primary logical channel is located in.
Observation 2: For DC+CA duplication, logical channel mapping restrictions may not be configured for the logical channels belonging to the cell group without primary logical channel configured, which may go against the design principle that “the original PDCP PDU and the corresponding duplicate(s) shall not be transmitted on the same carrier”.
Observation 3: For DC+CA duplication, the logical channel mapping restrictions of the logical channels belonging to the cell group without primary logical channel configured cannot be lifted when these logical channels are deactivated for PDCP duplication.
Proposal 1: For DC+CA duplication, more than one logical channels belonging to the same MAC entity is also referred to as CA duplication. 
Proposal 2: When CA duplication is deactivated, the logical channel mapping restriction of the related logical channels are lifted for as long as CA duplication remains deactivated. 
Proposal 3: Agree the text proposal in Annex.
[bookmark: _Toc502437832]Annex
The text proposal is as following
[bookmark: _Toc20428251]Start of changes
[bookmark: _Toc29376135][bookmark: _Toc20388055][bookmark: _Toc37232032][bookmark: _Toc46502106]16.1.3	Packet Duplication
When duplication is configured for a radio bearer by RRC, at least one secondary RLC entity is added to the radio bearer to handle the duplicated PDCP PDUs as depicted on Figure 16.1.3-1, where the logical channel corresponding to the primary RLC entity is referred to as the primary logical channel, and the logical channel corresponding to the secondary RLC entity(ies), the secondary logical channel(s). All RLC entities have the same RLC mode. Duplication at PDCP therefore consists in submitting the same PDCP PDUs multiple times: once to each activated RLC entity for the radio bearer. With multiple independent transmission paths, packet duplication therefore increases reliability and reduces latency and is especially beneficial for URLLC services.


Figure 16.1.3-1: Packet Duplication
NOTE:	PDCP control PDUs are not duplicated and always submitted to the primary RLC entity.
When configuring duplication for a DRB, RRC also sets the state of PDCP duplication (either activated or deactivated) at the time of (re-)configuration. After the configuration, the PDCP duplication state can then be dynamically controlled by means of a MAC control element and in DC, the UE applies the MAC CE commands regardless of their origin (MCG or SCG). When duplication is configured for an SRB the state is always active and cannot be dynamically controlled. When configuring duplication for a DRB with more than one secondary RLC entity, RRC also sets the state of each of them (i.e. either activated or deactivated). Subsequently, a MAC CE can be used to dynamically control whether each of the configured secondary RLC entities for a DRB should be activated or deactivated, i.e. which of the RLC entities shall be used for duplicate transmission. Primary RLC entity cannot be deactivated. When duplication is deactivated for a DRB, all secondary RLC entities associated to this DRB are deactivated. When a secondary RLC entity is deactivated, it is not re-established, the HARQ buffers are not flushed, and the transmitting PDCP entity should indicate to the secondary RLC entity to discard all duplicated PDCP PDUs.
When activating duplication for a DRB, NG-RAN should ensure that at least one serving cell is activated for each logical channel of the DRB; and when the deactivation of SCells leaves no serving cells activated for a logical channel of the DRB, NG-RAN should ensure that duplication is also deactivated.
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 only one the same MAC entity (referred to as CA duplication) or to different ones (referred to as DC when duplication over two legs is configured or DC+CA duplication when duplication over more than two legs is configured). CA duplication can be configured together with DC duplication when duplication over more than two legs is configured in the UE. For DC+CA duplication, more than one logical channels belonging to the same MAC entity is also referred to as CA duplication. In CA duplication, logical channel mapping restrictions are used in MAC to ensure that the primary and secondary logical channels belonging to the same MAC entity 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.
[bookmark: _GoBack]When CA duplication is deactivated for a DRB, the logical channel mapping restrictions of the primary and secondary logical channels related to CA duplication are lifted for as long as CA 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.

End of changes
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