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1 Introduction

During last RAN2 97# meeting, regarding the packet duplication to increase the reliability for CA case, it was agreed that: 

Agreement :

-
For DL and UL, duplication solution for CA case uses PDCP duplication to more than 1 logical channel so that the duplicated PDCP PDUs are sent over different carriers.

FFS whether this is a single or two MAC entities

This contribution discussion aims to make progress of the FFS and some further considerations of the MAC layer operations of the duplicated transmission.
2 Discussion
2.1 Data duplication with single MAC
In the current discussion of NR RAN2, the consensus view regarding duplication solution for CA case is that the PDCP duplication could be used to more than 1 logical channels so that the duplicated PDCP PDUs are sent over different carriers. The procedure is shown in the following figure for single MAC entity and two MAC entities respectively:
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In the above figures, the copied PDCP PDUs from the same PDCP split bearer are sent over different RLC entities which are corresponding to different logical channels. Here, the logical channel carries the duplicated PDCP PDUs could be mapped either into the same MAC entity as the traditional CA protocol structure or into different MAC entities. It’s a FFS from the last RAN2 #97 meeting.
The single MAC entity controls transmissions on all the aggregated carriers through a single scheduler. It’s the single MAC entity responsibility to schedule the duplicated packets from different logical channels to different physical carriers in order to obtain the diversity gain. With some sort of indications in each logical channel carrying the duplicated data, NR MAC can transmit duplicated data from different logical channels to different physical carriers. This way, data duplicated on PDCP and provided to the different logical channels is eventually transmitted by MAC via different carriers. Single MAC entity has such feasibility to schedule the duplicated data to different physical channels, thus the diversity gain could be obtained. 
The two MAC entities, however, transmit duplicated data corresponding to different logical channel through independent scheduler. Unless some coordination functions are designed between these two MAC entities, it’s possible that the two independent schedulers will transmit the duplicated data on the same physical channel which is not optimal for the perspective of reliability.
Proposal 1 NR should only have a single MAC entity to transmit duplicated data from different logical channels to different physical carriers for CA case.

There are some benefits to inform the UE the duplicated data reception in MAC layer, for example, the UE can stop one HARQ process which needs retransmission while another duplicated data is successfully received in another HARQ entity. One possible operation in MAC to indicate the duplicated data transmission is that the network can configure some HARQ processes specialized for duplicated data transmission. By doing so, the UE can be indicated the duplicated data reception implicitly through received HARQ process ID. There are some options when the UE receives the duplicated data in the configured HARQ processes, one is that the UE feedback ACK for all the HARQ processes if one of them is successfully decoded. The other option is that the UE only feedback one ACK or NACK corresponding to one HARQ process, in the case when one of the configured HARQ processes is successfully decoded or none of them are failure to be decoded.

Proposal 2 The duplicated data transmission can be implicitly indicated by HARQ process ID.
The duplication is efficient to provide diversity gain, but the obvious drawback is the low resource efficiency since the same data will be transmitted on different resources. There should be benefits to consider dynamically switching between packet duplication transmission and single reliable link transmission. Single reliable link transmission means one best link will be selected for the data transmission with high reliability. How to select the duplication transmission or single link transmission is interesting to be studied. There could be some various types of parameters can be used to trigger different types of transmission, e.g., channel state information and HARQ feedback.
For downlink, it’s more like the network implementation issue since whichever types of transmission should be transparent to the UE. For uplink, there could be several ways to trigger different types of transmission, one is that the network could configure a rule for switching between data duplication transmission and single link transmission, it’s the UE to decide which type of transmission is used based on the configured rules from the network. The other one is that the network can directly inform the UE to switch to a transmission, e.g., data duplication transmission, based on the rules on the network side.
Proposal 3 It’s proposed that RAN 2 should study mechanisms to enable dynamically switching between data duplication transmission and single link transmission.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
NR should only have a single MAC entity to transmit duplicated data from different logical channels to different physical carriers for CA case.
Proposal 2
The duplicated data transmission can be implicitly indicated by HARQ process ID.
Proposal 3
NR RAN 2 should study mechanisms to enable dynamically switching between data duplication transmission and single link transmission.
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