
3GPP TSG RAN WG1 Meeting #101                                                               	   R1- 2003646
e-Meeting, May 25th – June 5th, 2020

Source:	CATT
[bookmark: Title][bookmark: OLE_LINK5][bookmark: OLE_LINK6]Title:	Coverage recovery for reduced capability NR devices
[bookmark: Source]Agenda Item:	8.3.3
[bookmark: DocumentFor]Document for:	Discussion and Decision

[bookmark: _Ref497831218]Introduction
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]In RAN#86, a study item was approved as a new Rel-17 SI on support of reduced capability NR devices [1]. One of the objectives is to study functionality that will enable the performance degradation of such complexity reduction to be mitigated or limited, including:
· Coverage recovery to compensate for potential coverage reduction due to the device complexity reduction. 
In this contribution, we provide preliminary thoughts on coverage recovery for reduced capability NR devices.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Discussion
The following potential UE complexity reduction features are identified [1].
· Reduced number of UE RX/TX antennas
· UE Bandwidth reduction 
Note: Rel-15 SSB bandwidth should be reused and L1 changes minimized 
· Half-Duplex-FDD 
· Relaxed UE processing time 
· Relaxed UE processing capability 
Some of the UE complexity reduction techniques may negatively impact coverage. To be more specific, reduced number of UE RX antennas may degrade the DL coverage and UE bandwidth reduction may degrade DL/UL coverage. Depending on the UE complexity reduction technique(s) to be adopted, the required coverage recovery can be different.
In order to evaluate the coverage loss due to UE complexity reduction, the baseline assumptions and evaluation methodology need to be determined. It is desirable to reuse the assumptions and methodology used in Rel-17  NR coverage enhancement SI [2][3] as much as possible. Some evaluation assumptions, such as the RX/TX antenna configuration, UE bandwidth and data rate should be set according to the assumptions for reduced capability NR UEs. As for the scenarios, at least the urban scenario should be evaluated and FFS other scenarios. 
Proposal 1: To reuse the assumptions and methodology used in Rel-17 NR coverage enhancement SI as much as possible. 
Proposal 2: Some assumptions such as the RX/TX antenna configuration, UE bandwidth and data rate should be adjusted accordingly. At least urban scenario should be evaluated and FFS other scenarios. 
In addition, the criteria to determine the coverage recovery target needs to be discussed, e.g.
· To compensate the coverage loss for each channel with coverage loss due to UE complexity reduction technique(s)
· To compensate the coverage loss for the bottleneck channel(s) to achieve the same overall MCL of the cell without UE complexity reduction technique(s )
[bookmark: _GoBack]In terms of coverage recovery techniques, solutions used for NR coverage enhancement [4] could also be considered for coverage recovery. The coverage loss is expected to be larger in downlink due to the reduction of number of UE RX antennas and supported bandwidth. Moreover, the coverage of PDCCH might be bottleneck since the large AL may not be supported due to the reduction of bandwidth. Some solutions for PDCCH coverage recovery could be considered as following:
· A PDCCH candidate can be transmitted across multiple CORESETs on different slots or symbols to support large AL. 
· PDCCH repetition across multiple monitoring occasions
As for other channels, the following solutions can be considered as starting point if coverage recovery is necessary. 
· Larger number of repetitions for PDSCH/PUSCH/PUCCH taking data rate and latency into account
· Cross-slot/repetition DMRS interpolation for joint channel estimation 
· Enhanced frequency hopping for PUSCH to support cross-slot/repetition DMRS interpolation for join channel estimation for each hop.
Proposal 3:  The following solutions can be considered for coverage recovery:
· CORESET concatenation
· PDCCH repetition
· Larger number of repetitions for PDSCH/PUSCH/PUCCH
· Cross-slot/ repetition DMRS interpolation 
· Enhanced frequency hopping for PUSCH to support cross-slot/repetition DMRS interpolation for each hop
Conclusion
This contribution provides our thoughts on methods for coverage recovery, we have following proposals:
Proposal 1: To reuse the assumptions and methodology used in Rel-17 NR coverage enhancement SI as much as possible. 
Proposal 2: Some assumptions such as the RX/TX antenna configuration, UE bandwidth and data rate should be adjusted accordingly. At least urban scenario should be evaluated and FFS other scenarios. 
Proposal 3:  The following solutions can be considered for coverage recovery:
· CORESET concatenation
· PDCCH repetition
· Larger number of repetitions for PDSCH/PUSCH/PUCCH
· Cross-slot/ repetition DMRS interpolation
· Enhanced frequency hopping for PUSCH to support cross-slot/repetition DMRS interpolation for each hop
References
[1]. [bookmark: _Ref39749538][bookmark: _Ref40110185]RP-193238, New SID on support of reduced capability NR devices, Ericsson, RAN#86
[2]. [bookmark: _Ref40185528]R1-2003648, Discussion about baseline coverage performance, CATT, RAN1#101
[3]. [bookmark: _Ref40185529][bookmark: _Ref40185418]R1-2003649, Discussion on the baseline performance and simulation  assumptions of coverage enhancement for FR1, CATT, RAN1#101
[4]. [bookmark: _Ref40185519]R1-2003651, Discussion on the method for coverage enhancement, CATT, RAN1#101
