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1 Introduction

The discussion for duplication has stopped since RAN2#99 meeting for the reason of prioritizing the NSA progress. Since then, some new concepts have been brought up, e.g., SUL and BWP. In this paper, we discuss the impact of SUL and BWP to the duplication operation.
2 Discussion
2.1 SUL impacts on duplication
The main motivation of SUL is to improve the uplink coverage due to the relative high frequency of NR bands. SUL and NR band combination has high similarity with legacy LTE CA but without any paired downlink for the SUL. In the latest TS 38.300, the description of SUL is:

“In case of Supplementary Uplink (SUL, see 3GPP TS 38.101 [18]), the UE is configured with 2 ULs for one DL of the same cell, and uplink transmissions on those two ULs are controlled by the network to avoid overlapping PUSCH transmissions in time.”
For this description, the PUSCH transmissions can not be overlapped in time. It’s agreed that RRC can switch the two uplink carriers by reconfiguring one of the carrier with full uplink configuration, or signalling (e.g., DCI or MAC CE) can be defined to enable UE to switch between the two uplink carriers.

Observation 1 The motivation for SUL is to improve the uplink coverage due to relative high frequency of NR bands. Uplink transmissions on SUL and NR bands can not be overlapped in time.

RRC will configure logical channel with “lcp-allowedServingCells” which sets the allowed cell(s) for transmission. The parameter was introduced for CA duplication which requires that the duplicated PDUs should not be transmitted in the same cell. 

For DC duplication, the two legs are mapped to two different MAC entities which are corresponding to different cell groups. 
For both DC and CA duplication, the cell(s) mapped to each leg can be either cell with SUL or cell without SUL, there is no need to further restrict for each leg whether the data should be transmitted on SUL or normal UL if the cell is configured with two uplink carriers, since the two uplink carriers can be switched by either RRC or other signalling (e.g., DCI or MAC CE).
Proposal 1 No new LCP restrictions are introduced for CA and DC duplication when SUL is supported. 

2.2 BWP impacts on duplication

Regarding BWP, it was confirmed that only one BWP is active at a time. In this case, it’s assumed that each cell is always configured with an active BWP when the cell is activated. Regarding LCP operation for duplication, the LCH is configured with cell restriction which set the allowed cell(s) for transmission, it can make the duplicated PDU and the original PDU are transmitted on different cells. Since there is only one BWP active at a time, we think the restriction is enough even though the BWP may be switch from one to another.
Proposal 2 No new LCP restrictions are introduced for CA and DC duplication when single BWP is active at a time. 

2.3 Further thinking on duplication

NR can support much wider bandwidth that LTE, it’s not always feasible to configure CA or DC to a UE even though the UE would require high reliability service. In this case, PDCP duplication should be improved in single cell cases, but still the duplicated PDCP PDU should not be transmitted in the same transport block, i.e., MAC PDU. 
Proposal 3 RAN 2 is asked to discuss whether PDCP duplication for a single cell should be supported or not. 

There are two ways to achieve this given the SUL and BWP concept:

Option 1: restrict the leg to different BWP in the same cell:

· If multiple active uplink BWPs are allowed for a cell, we think the LCP restrictions for duplication can be improved by taking different uplink BWPs as restriction per cell. By letting the duplicated PDUs and original PDUs being transmitted on different uplink BWPs, the reliability can also be improved.

· Even though the cell can only have an active BWP in a time, different leg can still be mapped to different BWP. By switching between different uplink BWP, the reliability can be improved.

Option 2: restrict the leg to either SUL or normal UL if the cell is configured with two uplink carriers:
· A simple way for the cell with configured SUL is that one leg is mapped to the SUL and the other leg is mapped to the normal UL. 

Proposal 4 If PDCP duplication for a single cell is supported, LCP restrictions can be either BWP restriction or SUL restriction. 

3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
The motivation for SUL is to improve the uplink coverage due to relative high frequency of NR bands. Uplink transmissions on SUL and NR bands can not be overlapped in time.
Proposal 1
No new LCP restrictions are introduced for CA and DC duplication when SUL is supported.
Proposal 2
No new LCP restrictions are introduced for CA and DC duplication when single BWP is active at a time.
Proposal 3
RAN 2 is asked to discuss whether PDCP duplication for a single cell should be supported or not.
Proposal 4
If PDCP duplication for a single cell is supported, LCP restrictions can be either BWP restriction or SUL restriction.
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