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1	Introduction
In RAN2#98 meeting, the following agreements have been achieved: 

Agreements
1	UL PDCP duplication is configurable per DRB and, for NR-NR DC case, per SRB.
FFS whether the initial state of the UL PDCP duplication (duplication active or not active and if not active which leg is used) is a default or whether the initial state can be signalled by RRC
2	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.


Agreement
=>	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.


Agreements for duplication in CA case
1	Duplication on a single carrier will not be supported
2	RRC configured mapping of the 2 duplicate LCHs to different carriers will be supported (One carrier cannot have both of the duplicate LCHs mapped to it)
3	Duplicated PDCP PDUs are submitted to two different RLC entities

In this contribution, we further discuss the impact of PDCP duplication on MAC.
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Based on TR 38.804, the main services and functions of the MAC sublayer include:
-	Mapping between logical channels and transport channels;
-	Multiplexing/demultiplexing of MAC SDUs belonging to one or different logical channels into/from transport blocks (TB) delivered to/from the physical layer on transport channels;
-	Scheduling information reporting;  
-	Error correction through HARQ;
-	Priority handling between UEs by means of dynamic scheduling;
-	Priority handling between logical channels of one UE; 
-	Padding.
In last meeting, it has been agreed that RRC configured mapping of the 2 duplicate LCHs to different carriers will be supported and one carrier cannot have both of the duplicate LCHs mapped to it. Therefore, the fixed LCHs’ mapping relation with CCs should be known by gNB’s MAC layer and it should be considered in the scheduling of each duplicated LCH. 

Observation 1: In CA duplication, the fixed LCHs’ mapping relation with CCs should be considered in scheduling of each duplicated LCHs.

Also, due to the fixed LCHs’ mapping relation with CCs in duplicated LCHs, gNB should have the knowledge of the buffer statuses in each of them. Otherwise, gNB could not make scheduling for different CCs. Therefore, BSR should be able to report both buffer statuses in the duplicated LCH pair. To realize this, the two LCHs in a duplication pair should belong to different LCGs.  Also, buffer statuses of both LCGs should be contained in each BSR. 

Proposal 1: The two LCHs in a duplication pair should belong to different LCGs, such that NW could understand in which CC the resource should be scheduled. 

Proposal 2: Buffer statuses of both LCGs related to PDCP duplication should be contained in each BSR. 

PDCP duplication is generally used for the support of services with high reliability requirements, such as URLLC services.  According to the trigger conditions of SR/BSR in LTE, SR/BSR could be generated if “UL data, for a logical channel which belongs to a LCG, becomes available for transmission in the RLC entity or in the PDCP entity and either the data belongs to a logical channel with higher priority than the priorities of the logical channels which belong to any LCG and for which data is already available for transmission, or there is no data available for transmission for any of the logical channels which belong to a LCG". Hence, in the case that two LCHs in a duplication pair belonging to different LCGs and if there is no data available in both of them, 2 SRs could be triggered for any new data arriving in the PDCP entity with the duplication configuration. While in some other case where in either of the LCGs data is available in a LCH with higher or same priority than the priorities of duplicated LCHs, only 1 SR would be triggered. Therefore, if 2 SRs are required to meet the reliability target of the service, traditional SR/BSR trigger condition should be reconsidered. While the traditional SR/BSR trigger could be reused if 1 SR is enough to fulfil the reliability requirement of the service. 

Observation 2: Traditional SR/BSR trigger condition should be reconsidered if 2 SRs are required to meet the reliability target of the service in the case of PDCP duplication. 

Observation 3: Traditional SR/BSR trigger condition could be reused if 1 SR is enough to fulfil the reliability requirement of the service in the case of PDCP duplication. 

It has been agreed that “RRC configured mapping of the 2 duplicate LCHs to different carriers will be supported” and “one carrier cannot have both of the duplicate LCHs mapped to it”. With such kind of mapping between duplicated LCHs and carriers, the involved LCHs have to be decided at first before the other LCP operations. For the example in Fig.1 where the duplicated LCH 1 is mapped to Carrier 1 and Carrier 2, and the duplicated LCH 2 is mapped to Carrier 3, LC2 would not be processed when UL grants in Carrier 1 are scheduled. Note that LCHs without mapping constraints should be processed as legacy. That is, LCH 3 should be processed whenever UL grants in Carrier 1, Carrier 2, Carrier 3, or other carriers are scheduled. The other LCP operations could be processed in the following only after the suitable LCHs are selected. Therefore, only the related duplication LCH would be considered in LCP once a grant in a carrier is received. I.e., LCP should also have the knowledge of fixed LCH mapping relation with carriers, and an extra step is needed to determine the LCHs to be involved in the following LCP operations.  



Figure-1 Mapping Example due to PDCP duplication

Observation 4: Only the related duplication LCH would be considered in LCP once a grant in a carrier is received. I.e., LCP should also have the knowledge of fixed LCH mapping relation with carriers.

Proposal 3: An extra step is needed to determine the LCHs to be involved in the following LCP operations.  

It has been agreed in the last meeting that MAC CE approach will be used for the dynamic control of UL duplication. Therefore, the New MAC CE for the activation/deactivation of PDCP duplication should be defined, and the related processing and information reporting function to RRC should be defined. 

Observation 5: New MAC CE for the activation/deactivation of PDCP duplication should be defined, and the related processing and information reporting function to RRC should be defined.  

Due to the fixed LCHs’ mapping relation with CCs in duplicated LCHs, either LCH in the duplication pair could be activated / deactivated based on the practical channel qualities of the related CCs. Hence, although it has been agreed that only one additional leg is configured for PDCP duplicates, the prime/secondary mode operation where the secondary LCH would always be activated/deactivated is not suitable. As a result, the new-defined MAC CE has to include the identification information of the activated / deactivated LCH. Therefore, LCH ID should be included in the new-defined MAC CE for duplication activation/deactivation.

Proposal 4: LCH ID should be included in the new-defined MAC CE for activation/deactivation of packet duplication. 
  

3	Conclusion
In this contribution, some considerations on impact of PDCP duplication on MAC are given with the following observations:
Observation 1: In CA duplication, the fixed LCHs’ mapping relation with CCs should be considered in scheduling of each duplicated LCHs.

Observation 2: Traditional SR/BSR trigger condition should be reconsidered if 2 SRs are required to meet the reliability target of the service in the case of PDCP duplication. 

Observation 3: Traditional SR/BSR trigger condition could be reused if 1 SR is enough to fulfil the reliability requirement of the service in the case of PDCP duplication. 

Observation 4: Only the related duplication LCH would be considered in LCP once a grant in a carrier is received. I.e., LCP should also have the knowledge of fixed LCH mapping relation with carriers.  

Observation 5: New MAC CE for the activation/deactivation of PDCP duplication should be defined, and the related processing and information reporting function to RRC should be defined.  

And based on those observations, we have the following proposals: 
Proposal 1: The two LCHs in a duplication pair should belong to different LCGs, such that NW could understand in which CC the resource should be scheduled. 

Proposal 2: Buffer statuses of both LCGs related to PDCP duplication should be contained in each BSR. 

Proposal 3: An extra step is needed to determine the LCHs to be involved in the following LCP operations.

Proposal 4: LCH ID should be included in the new-defined MAC CE for activation/deactivation of packet duplication. 
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