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1   Introduction
In last RAN2 #99bis and #100 meetings, the following agreements on the packet duplication were reached [1][2], which may impact MAC. 
	Agreements in RAN2#99bis

1
RAN2 works on PDCP data duplication for both CA and DC.

2
At least UM bearers are supported for PDCP duplication via CA.

3
For CA case, LCP applies configured LCH to carriers/cells restriction for LCHs of a duplication RB and the restriction is lifted when duplication is deactivated as agreed in NR.

4
LCH to carriers/cells restriction is configured for CA duplication.

Agreements in RAN2#100

1
The logical channel handling can take the NR’s conclusion as baseline:


Duplicated PDCP PDUs are submitted to two different RLC entities for two different LCH, and the LCH cannot be mapped on the same carrier.


LCP takes into account all the restrictions configured for the logical channels (which include the PDCP data duplication restriction).

3
Support RLC AM for SRB for packet duplication via DC and CA. FFS the DRB case.

4
Support RLC UM for packet duplication via DC.


In this contribution, we present our views on MAC optimization for packet duplication and link selection to support URLLC. 
2   Discussion
Data duplication scheme based on CA operation will be discussed in the following section. With carrier aggregation, the single data stream needs, at some point, to be duplicated at MAC layer, after the scheduling handling and multiplexing, and delivered via multiple component carriers. And three alternatives for the logical channels mapping to HARQ entities/ HARQ processes of component carriers will be elaborated in the following section.
2.2   MAC Structure/ HARQ Model for Data Duplication in CA mode
MAC Structure/ HARQ Model for Data Duplication in CA mode
· Alternative 1: One HARQ entity  per component carrier
· Alternative 2: One HARQ entity for the entire/multiple aggregated component carriers
· 2-1: One HARQ process per component carrier
· 2-2: One HARQ process for the entire/multiple aggregated component carriers, with different redundancy version
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Figure 1: MAC structure of Alternative 1 for UL
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Figure 2: MAC structure of Alternative 2-1 and 2-2 for UL
Alternative 1 is straight-forward structure and is also well matched to per-component-carrier processing as in LTE. The duplicated data is transmitted by individual HARQ process of individual HARQ Entity. For example, one URLLC TB could be generated after the scheduling handling and multiplexing, and delivered with n TB copies to n HARQ entities of n CCs. These HARQ entities of n CCs will transmit the input TBs via their HARQ processes separately. Due to the transmission /reception over different HARQ entities/HARQ processes, the soft combination cannot be executed.
Alternative 2-1 shares several properties with alternative ‎1. The difference is the duplicated data is transmited by individual HARQ processes of a common HARQ Entity. In this alternative, packet duplication across multiple redundant links managed by a common HARQ entity is used to target the URLLC requirement, with optimum resource usage, e.g. pre-emption eMBB resource for URLLC. For example, one URLLC TB could be generated after the scheduling handling and multiplexing, and delivered with 4 TB copies to 4 HARQ processes belonging to one HARQ entity of 4 CCs. The shared HARQ entity of 4 CCs will transmit the input TBs via their HARQ processes of 4 CCs separately. Due to the transmission /reception over different HARQ processes of a shared HARQ entity, the soft combination can be executed with optimization, e.g. correct RV number configuration, allowing the soft HARQ combination over different HARQ processes.
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Figure 3 Alternative 2-1
Alternative 2-2 provides more compact data process by sharing a common HARQ process for all involved component carrier transmitting the same data packet. For example, one URLLC TB could be generated after the scheduling handling and multiplexing, and delivered with 4 TB copies to one shared HARQ process belonging to one HARQ entity of 4 CCs. The shared HARQ entity of 4 CCs will transmit the input TBs via one shared HARQ process of 4 CCs with different RV numbers separately. Thanks to the transmission /reception over one shared HARQ process, the soft combination can be naturally executed. And in the alternative 2-2, several component carriers jointly transmit a same data packet in a HARQ process so that only one L1/L2 grant is needed to schedule the transmission and only one HARQ feedback signal is sent from the receiver side. In this alternative, the channel coding and diversity gain could be increased due to the different channel/interference conditions of different component carriers. Moreover, this achieves efficient HARQ operation as a single HARQ is performed across the involved component carriers. Hence, it can reduce the HARQ handling latency compared to above two approaches. And the method is similar as TTI bundling in LTE, which is just a kind of bundling in frequency domain.
Observation 1: Alternative 2-2 enables efficient HARQ operation as a single HARQ is performed across the involved component carriers. Hence, it can reduce the HARQ handling latency and naturally support HARQ soft combination across component carriers compared to above two approaches. And the method is similar as TTI bundling in LTE, which is just a kind of bundling in frequency domain.
Observation 2：RAN1 need to be involved for the study of the MAC structure which allows one HARQ process configured across multiple aggregated component carriers. 
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Figure 4 Alternative 2-2 
The two schemes are compared in Table 1. 

Table 1. MAC Structure Alternatives
	Aspect
	Alternative 1
	Alternative 2-1
	Alternative 2-2

	Number of HARQ aspect
	The same number of HARQ entities and HARQ processes as LTE
	Smaller number of HARQ entities than that of LTE and same number of HARQ processes as LTE
	Smaller number of HARQ entities and processes than that of LTE 

	Frequency diversity and coding gain
	Same as LTE
	Same as LTE
	Higher frequency diversity and coding gain


	Link adaptation performance
	Same: separate MCS across multiple component carriers
	Same: separate MCS across multiple component carriers
	Same: separate MCS across multiple component carriers

	HARQ performance
	Due to the transmission /reception over different HARQ entities/HARQ processes, the soft combination cannot be executed.
	Due to the transmission /reception over different HARQ processes of a shared HARQ entity, the soft combination can be executed with optimization, e.g. correct RV number configuration, allowing the soft HARQ combination over different HARQ processes.
	Due to the transmission /reception over one shared HARQ process, the soft combination can be naturally executed.

	Latency
	Same as LTE
	Same as LTE
	Smaller than that of LTE via one HARQ processing

	Reliability
	Increased via duplication
	Increased via duplication
	Increased via duplication


Proposal 1: It is proposed that the MAC structure allows one HARQ process configured across multiple aggregated component carriers, if it is desirable, with different redundancy versions during data duplication operation for URLLC services.
3   Conclusion
By analysing the detailed delivery procedures of other SI, we made the following proposals in HRLLC:
Observation 1: Alternative 2-2 enables efficient HARQ operation as a single HARQ is performed across the involved component carriers. Hence, it can reduce the HARQ handling latency and naturally support HARQ soft combination across component carriers compared to above two approaches. And the method is similar as TTI bundling in LTE, which is just a kind of bundling in frequency domain.
Observation2：RAN1 need to be involved for the study of the MAC structure which allows one HARQ process configured across multiple aggregated component carriers. 
Proposal 1: It is proposed that the MAC structure allows one HARQ process configured across multiple aggregated component carriers, if it is desirable, with different redundancy versions during data duplication operation for URLLC services. 
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