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1. Introduction
At the RAN#86 meeting, the new SI on NR coverage enhancement was approved [1]. The objectives of the SI are captured as follows.
	The objective of this study item is to study potential coverage enhancement solutions for specific scenarios for both FR1 and FR2. The detailed objectives are as follows.
· The target scenarios and services include
· Urban (outdoor gNB serving indoor UEs) scenario, and rural scenario (including extreme long distance rural scenario) for FR1
· Indoor scenario (indoor gNB serving indoor UEs), and urban/suburban scenario (including outdoor gNB serving outdoor UEs and outdoor gNB serving indoor UEs) for FR2.
· TDD and FDD for FR1.
· VoIP and eMBB service for FR1.
· eMBB service as first priority and VoIP as second priority for FR2.
· LPWA services and scenarios are not included.
· Identify baseline coverage performance for both DL and UL for the above scenarios and services based on link-level simulation
· UL channels (including PUSCH and PUCCH) are prioritized for FR1.
· Both DL and UL channels for FR2.
· Identify the performance target for coverage enhancement, and study the potential solutions for coverage enhancements for the above scenarios and services
· The target channels include at least PUSCH/PUCCH 
· Study enhanced solutions, e.g., time domain/frequency domain/DM-RS enhancement (including DM-RS-less transmissions)
· Study the additional enhanced solutions for FR2 if any
· Evaluate the performance of the potential solutions based on link level simulation.



At the RAN1#103-e meeting, baseline coverage performance and potential bottleneck channels were studied and identified, and the potential solutions for coverage enhancement were studied and they are captured in TR38.830 [x]. In this contribution, we discuss the bottleneck channels and the potential solutions to be included in the WID scope. 

2. Bottleneck channels identification
At the RAN1#103-e meeting, the potential bottleneck channels were discussed and following agreements were made [3] and they are captured in TR38.830.

	FR1
Agreements:
1. The following channels are identified as the potential bottleneck channels derived from the absolute metrics (i.e. service dependent metric and scenario dependent metrics) and the relative metric (i.e. relative difference between channels)
0. 1st priority 
0. PUSCH for eMBB (for FDD and TDD with DDDSU, DDDSUDDSUU and DDDDDDDSUU)
0. PUSCH for VoIP (for FDD and TDD with DDDSU, DDDSUDDSUU)
0. 2nd priority  
1. PRACH format B4 
1. PUSCH of Msg.3
1. PUCCH format 1
1. PUCCH format 3 with 11bit 
1. PUCCH format 3 with 22bit 
1. Broadcast PDCCH
FR2
Agreements:
· The following channels are identified as the potential bottleneck channels for 28 GHz scenario
1. PUSCH eMBB (DDDSU and DDSU)
1. PUSCH VoIP (DDDSU and DDSU)
1. PUCCH F3 11bits
1. PUCCH F3 22bits
1. PRACH B4
1. PUSCH of Msg3
· No evident coverage bottleneck is identified for Indoor scenario for FR2



First of all, PUSCH for eMBB and VoIP is identified as the potential bottleneck channels for both FR1 and FR2 (28 GHz), and hence potential techniques for coverage enhancement for PUSCH should be considered as the first priority objective in the WI. In addition, PUSCH of Msg3 is also identified as the potential bottleneck channels for 4GHz rural scenario and FR2. Therefore, coverage enhancement for PUSCH of Msg3 should be considered as well as PUSCH for eMBB and VoIP.

Proposal 1: Coverage enhancement for PUSCH for eMBB, VoIP, and Msg3 should be considered as first priority. 

Broadcast PDCCH is identified as one of 2nd priority bottleneck channels for FR1 (4GHz) with 24 dBm/MHz  of BS Tx power. The baseline performance for 4GHz Urban scenario was studied with both 33 dBm/MHz of BS Tx power derived by industry/market and 24 dBm/MHz of BS Tx power derived by NW operation. From the NW operator’s perspective, the practical parameters for the NW operation are essential for the coverage study. Therefore, both BS Tx powers should be considered for the potential bottleneck channel identification, and coverage enhancement for broadcast PDCCH with 24 dBm/MHz of BS Tx power should be considered.

Proposal 2: Coverage enhancement for broadcast PDCCH should be considered. 

PUCCH format 1 and format 3 are also identified as 2nd priority bottleneck channels for FR1, when the target ISD is longer than 1 km, e.g. for 4GHz rural scenario (target ISD=1732m). Such longer ISD scenario is also important for NW operation, and hence coverage enhancement for PUCCH format 1 and format 3 should be considered.

Proposal 3: Coverage enhancement for PUCCH format 1 and format 3 should be considered. 

3. Potential techniques for coverage enhancements
3.1 PUSCH coverage enhancements
At the RAN1#103-e meeting, the potential techniques for PUSCH coverage enhancements were discussed and following potential techniques are captured in TR38.830. 

	6	Potential techniques for coverage enhancements
6.1	PUSCH coverage enhancements
6.1.1	Time-domain based solutions
Time domain based solutions are studied, including enhancements on PUSCH repetition type A, enhancement on PUSCH repetition Type B, TB processing over multi-slot PUSCH, OCC spreading based repetition, symbol-level repetition, TB interleaving, RV repetition, and early termination of PUSCH repetitions.
6.1.2	Frequency-domain based solutions
Frequency domain based solutions are studied, including enhancements on inter-slot/intra-slot frequency hopping, enhancements on frequency hopping for PUSCH repetition type B, sub-PRB transmission for VoIP. 
6.1.3	DM-RS enhancements
DM-RS enhancements are studied, including joint channel estimation or DM-RS bundling, enhancements on DM-RS density, adaptive configuration, and DM-RS balancing among frequency hops.
6.1.4	Power-domain based solutions
Power domain based solutions are studied, including waveform design to optimize MPR/A-MPR, FDD high power UE, and power boosting for pi/2 BPSK.
6.1.5	Spatial-domain based solutions
Spatial domain based solutions were studies from several aspects, including multiple layer PUSCH transmission with DFT-S-OFDM and Open-loop Tx diversity. Potential specification impacts include: mechanism to indicate the support of multiple layer PUSCH transmission with DFT-S-OFDM and to determine the precoder, e.g. reuse a subset of the R15 codebooks, and signalling related to support of Tx diversity for PUSCH with DFT-s-OFDM, and different PUSCH spatial filter parameters and different antenna ports for different PUSCH transmissions
6.1.6	Others
SIP signal compression was studied for enhancement large payload PUSCH including SigComp used for application information compression and the compression efficiency. Potential specification impacts include: using compression algorithm to compress the large SIP signaling message in higher layer.



PUSCH for eMBB and VoIP is the first priority channel for coverage enhancement, and a repetition in time domain is one of the key techniques. Although PUSCH repetition Type A and Type B are already supported, the number of repetitions is not counted on the basis of available UL slots. Therefore, in order to apply PUSCH repetition for the practical TDD patterns, e.g. DDDSU defined for link-level simulation assumption, PUSCH repetition with the non-consecutive slots (e.g. PUSCH repetition with next UL slots) should be considered for the coverage enhancement. In addition, since approximately 8 dB (e.g. 4 GHz Urban scenario) enhancement for PUSCH may be necessary based on the study for the baseline coverage performance, multiple coverage enhancement techniques would be necessary to achieve the target coverage performance. Therefore, all potential techniques captured in TR38.830 for PUSCH can be included into WID scope.

Proposal 4: PUSCH repetition across available UL slots should be included into WID scope, and other techniques captured in TR38.830 for PUSCH also need to be included. 

3.2 PUCCH coverage enhancements
At the RAN1#103-e meeting, the potential techniques for PUCCH coverage enhancements were discussed and following potential techniques are captured in TR38.830. 

	6.2	PUCCH coverage enhancements
PUCCH enhancements are studied and the study on the following schemes is prioritized:
· DMRS-less PUCCH
· FFS: design detail for DMRS-less PUCCH, e.g., sequence based PUCCH transmission, v.s. reuse Rel-15 scheme to transmit UCI without DMRS 
· Rel-16 PUSCH-repetition-Type-B like PUCCH repetition at least for UCI <=11 bits. 
· (Explicit or implicit) Dynamic PUCCH repetition factor indication
· DMRS bundling cross PUCCH repetitions
Including study of transmitting a subset of PUCCH repetitions without DMRS, at least for UCI<=11 bits



As discussed in Section 2, PUCCH format 1 and format 3 were identified as the potential bottleneck channels and the enhancement of the channels need to be considered. Approximately 1-2 dB enhancement may be necessary for format 1 and format 3 with 11 bits pay load size, and 5-6 dB enhancement may be necessary for format 3 with 22 bits pay load size based on the study for the FR1 baseline coverage performance. Therefore, multiple coverage enhancement techniques would be necessary to achieve the target performance, and all potential techniques captured in TR38.830 for PUCCH can be included into WID scope.

Proposal 5: Potential techniques for PUCCH captured in TR38.830 need to be included into WID scope.

3.3 Coverage enhancements for Msg3 PUSCH and broadcast PDCCH
At the RAN1#103-e meeting, the potential techniques for coverage enhancements for channels other than PUSCH and PUCCH were discussed and following potential techniques for Msg3 PUSCH and broadcast PDCCH are captured in TR38.830. 

	[bookmark: _Toc56844468]6.3 	Coverage enhancements for channels other than PUSCH and PUCCH
[bookmark: _Toc56844469]6.3.1	Enhancements for Msg3 PUSCH
Msg3 PUSCH enhancement is studied including at least Msg3 PUSCH repetition. Enhancement to PUSCH scheduled by RAR UL grant does not consider the optimization specific for CFRA case.
[bookmark: _Toc56844471]6.3.3	Enhancements for broadcast PDCCH
Broadcast PDCCH repetition was studied. Potential specification impacts include PDCCH repetition configuration.
Compact DCI and PDCCH-less for broadcast PDCCH were studied for broadcast PDCCH. Potential specification impacts of compact DCI include mechanism for DCI bit field design for fallback DCI. Potential specification impacts of PDCCH-less include the mechanism to indicate the scheduling information for broadcast PDSCH carrying SIB messages.  



As discussed in Section 2, Msg3 PUSCH and broadcast PDCCH were identified as the potential bottleneck channels and the enhancement of the channels should be considered. The scope of potential techniques captured in TR38.830 is already well focused, such as repetition for Msg3 PUSCH and for broadcast PDCCH, and compact DCI and PDCCH-less for broadcast PDCCH. Therefore, they should be included into WID scope.

Proposal 6: Potential techniques for Msg3 PUSCH and for broadcast PDCCH captured in TR38.830 should be included into WID scope. 

4. Conclusion
In this contribution, we discussed the bottleneck channels and the potential techniques to be included in the WID scope. Based on the discussion, we made following proposals.

Proposal 1: Coverage enhancement for PUSCH for eMBB, VoIP, and Msg3 should be considered as first priority. 

Proposal 2: Coverage enhancement for broadcast PDCCH should be considered. 

Proposal 3: Coverage enhancement for PUCCH format 1 and format 3 should be considered. 

Proposal 4: PUSCH repetition across available UL slots should be included into WID scope, and other techniques captured in TR38.830 for PUSCH also need to be included. 

Proposal 5: Potential techniques for PUCCH captured in TR38.830 need to be included into WID scope.

Proposal 6: Potential techniques for Msg3 PUSCH and for broadcast PDCCH captured in TR38.830 should be included into WID scope. 
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