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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
According to the NR discussion for the PDCP duplication in RAN2#98 meeting, RAN2 made the following agreements [1]:
	· RRC configures PDCP for duplication and the radio protocols of the UE with separate RLC entities and logical channels to handle duplicates (referred to as “legs”)
· only one additional leg is configured for PDCP duplicates.
· the original PDCP PDU and the corresponding duplicate shall not be transmitted on the same transport block.
· PDCP duplication solution for CA requires only one MAC entity.
· logical channel mapping restrictions need to be introduced to handle duplicates in within one MAC entity (CA).
· UL PDCP duplication is configurable per DRB and, for NR-NR DC case, per SRB.
· RAN2 will attempt to define at least one mechanism to start/stop PDCP duplication more quickly and with less signalling overhead compared to RRC reconfiguration.
· MAC CE approach will be used for control of UL duplication. Optimisations to reliability of the MAC CE will not be introduced for this mechanism. No optimisations or additional interactions between network nodes are introduced for this mechanism.


According to our understanding, the activation/deactivation of PDCP duplication via MAC CE will impact the logical channel configuration used for LCP procedure. In this contribution, we give the detailed analysis on the impacts on the LCP procedure, and provide a potential solution to resolve the issue.

2. Discussion
2.1 QoS issue 
According to the analysis given above, we could have the following two architectures to support PDCP duplication:
· Option 1 (One MAC entity) : one PDCP + two RLCs + one MAC
· Option 2 (Two MAC entities) : one PDCP + two RLCs + two MAC (namely DC split bearer)


Figure 1: QoS Issue
Here we use Option 2 (i.e. DC split bearer) as an example to explain how the activation/deactivation of PDCP duplication impacts the LCP procedure. As one DRB is spit to use two logical channels, the QoS requirements (e.g. GBR) of the same DRB needs to be split to two logical channels. According to 36.423 [2], the SCG leg of the DC split bearer has its own QoS parameters, which is assigned (i.e. hard split of QoS parameters) by the MeNB so that the QoS requirements (e.g. GBR_MCG and GBR_SCG) for two independent schedulers (i.e. MCG MAC and SCG MAC) can fulfill the overall QoS requirements (e.g. GBR_Original) of the EPS bearer. Namely, GBR_MCG + GBR_SCG  = GBR_Original. As such the PBRs of the MCG leg and the SCG leg can together fulfill the QoS requirements of the same DRB. According to the example illustrated above, we have:
· Deactivation of PDCP duplication: GBR_Original (100 kByte/s) = PBR_MCG (50 kByte/s) + PBR_SCG (50 kByte/s) = Transmission Bit Rate (100 kByte/s)
However, as the “LogicalChannelConfig” (including “prioritisedBitRate”) given by RRC cannot be changed while the PDCP duplication is activated via MAC CE, the transmission bit rate of the DRB with PDCP duplication will be reduced to half of the bit rate of the DRB without PDCP duplication. According to the example illustrated above, we have:
· Activation of PDCP duplication: GBR_Original (100 kByte/s) = PBR_MCG (50 kByte/s) + PBR_SCG (50 kByte/s) != Transmission Bit Rate (50 kByte/s)
Observation: With one set of LCP configuration per logical channel, the transmission bit rate of the DRB with activated PDCP duplication is half of the transmission bit rate of the DRB with deactivated PDCP duplication.
In order to fulfill the QoS requirements at both activation and deactivation of PDCP duplication, one solution is that the network can configure two sets of LCP configurations, one used for the activated PDCP duplication and one used for the deactivated PDCP duplication. The text proposal corresponding to the solution can be found in the Annex.
Proposal: To configure two sets of LCP configurations per logical channel for the DRB configured with PDCP duplication, one set used for the PDCP duplication activation and another set used for the PDCP duplication deactivation.
3. Conclusion
According to the analysis given above, we have the following observations and proposals.
Observation: With one set of LCP configuration per logical channel, the transmission bit rate of the DRB with activated PDCP duplication is half of the transmission bit rate of the DRB with deactivated PDCP duplication.
Proposal: To configure two sets of LCP configurations per logical channel for the DRB configured with PDCP duplication, one set used for the PDCP duplication activation and another set used for the PDCP duplication deactivation.
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Annex
[bookmark: _Toc491782023]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 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 subclause 6.1.3.X;
Editor's note: The name of the MAC CE (i.e. Duplication Activation/Deactivation MAC CE) can be updated later.
Editor's note: subclause number for MAC CE needs to be updated later.
The MAC entity shall for each NR-UNIT and for each DRB configured with duplication:
1>	if a Duplication Activation/Deactivation MAC CE is received in this NR-UNIT activating the PDCP duplication of the DRB:
2>	indicate the activation of PDCP duplication of the DRB to upper layers. 
2>	apply ul-SpecificParametersDuplication configured for the logical channels of the DRB.
1>	if a Duplication Activation/Deactivation MAC CE is received in this NR-UNIT deactivating the PDCP duplication of the DRB:
2>	indicate the deactivation of PDCP duplication of the DRB to upper layers.
2>	apply ul-SpecificParameters configured for the logical channels of the DRB.
---------------------------------------------Next Change-----------------------------------------------------------------------
[bookmark: _Toc491782008]5.4.3.1.1	General
The Logical Channel Prioritization procedure is applied whenever a new transmission is performed.
RRC controls the scheduling of uplink data by signalling for each logical channel per MAC entity:
-	priority where an increasing priority value indicates a lower priority level;
-	prioritisedBitRate which sets the Prioritized Bit Rate (PBR);
-	bucketSizeDuration which sets the Bucket Size Duration (BSD).
For the DRB configured with PDCP duplication, the MAC entity shall:
1>	if the PDCP is activated:
2>	apply ul-SpecificParametersDuplication configured for the logical channels of the DRB.
1>	else:
2>	apply ul-SpecificParameters configured for the logical channels of the DRB.
The MAC entity shall maintain a variable Bj for each logical channel j. Bj shall be initialized to zero when the related logical channel is established, and incremented by the product PBR × NR-UNIT for each NR-UNIT, where PBR is Prioritized Bit Rate of logical channel j. However, the value of Bj can never exceed the bucket size and if the value of Bj is larger than the bucket size of logical channel j, it shall be set to the bucket size. The bucket size of a logical channel is equal to PBR × BSD. It is up to UE implementation when to update Bj.
Editor's note: (again) NR-UNIT is used. Editor thinks consistent unit (i.e. NR-UNIT) throughout the MAC would be desirable rather than to use e.g. one millisecond as proposed during the meeting.
If the MAC entity is requested to transmit multiple MAC PDUs in one NR-UNIT, or if the MAC entity receives the multiple UL grants within the same NR-UNIT, it is up to UE implementation in which order the grants are processed.
Editor's note: RAN2 needs to confirm whether the above sentence captures the agreement correctly.
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