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Introduction
In RAN#86 meeting, a new study item on NR coverage enhancement [1] was approved. The objectives of this study item are to identify the performance target for FR1 and FR2 and study the potential solutions for coverage enhancement for the specific scenarios.
After RAN1#103-e meeting, the SI was completed in RAN1. The conclusion of this study was captured in TR38.830 [2].
In this contribution, we provide our views on the scope of new NR coverage enhancements WI.
Discussion on the scope of coverage enhancement WI
After simulation campaign on FR1and FR2 baseline coverage performance, the following potential bottleneck channels are identified on FR1 and FR2.
	The following channels are identified as the potential bottleneck channels for FR1:
· 1st priority
· PUSCH for eMBB (for FDD and TDD with DDDSU, DDDSUDDSUU and DDDDDDDSUU)
· PUSCH for VoIP (for FDD and TDD with DDDSU, DDDSUDDSUU)
· 2nd priority
· PRACH format B4
· PUSCH of Msg.3
· PUCCH format 1
· PUCCH format 3 with 11bit 
· PUCCH format 3 with 22bit 
· Broadcast PDCCH

The following channels are identified as the potential bottleneck channels for Urban 28 GHz scenario:
· PUSCH eMBB (DDDSU and DDSU)
· PUSCH VoIP (DDDSU and DDSU)
· PUCCH F3 11bits
· PUCCH F3 22bits
· PRACH B4
· PUSCH of Msg3


Based on the baseline simulation results, for FR1, the first priority means the channels are almost always the bottleneck channels in the evaluated scenarios, e.g., Urban 4GHz TDD, Urban 2.6GHz TDD, Rural 2.6GHz TDD NLOS O2I, Rural 700MHz FDD NLOS O2I, etc. the second priority means the channels are the coverage bottleneck channels in some specific investigated scenarios.
Observation 1: The PUSCH for eMBB and VoIP are the bottleneck channels on FR1 and FR2.
PUSCH coverage enhancement
For the potential solutions to improve the PUSCH coverage, the followings were recommended by RAN1 [2].
	Enhancements on PUSCH repetition type A is beneficial for PUSCH coverage enhancements for TDD. It is recommended to support enhancements on PUSCH repetition type A in Rel-17, including the following two options (potential down-selection during the WI phase):
· Option 1: Increasing the maximum number of repetitions, e.g., up to 32.
· Option 2: The number of repetitions counted on the basis of available UL slots.

TB processing over multi-slot PUSCH is beneficial for PUSCH coverage enhancements. It is recommended to support TB processing over multi-slot PUSCH in Rel-17, including:
· TBS determined based on multiple slots and transmitted over multiple integer slots.

Joint channel estimation is beneficial for PUSCH coverage enhancements. It is recommended to support joint channel estimation or DM-RS bundling for PUSCH in Rel-17, including:
· Joint channel estimation over consecutive PUSCH transmissions
· Inter-slot frequency hopping with inter-slot bundling


 For the scheme of PUSCH repetition type A enhancement, two options were provided and discussed in previous RAN1 meeting. The Option 1 can increase the coverage of both NR FDD and TDD. Option 2 is targeting for improving NR TDD UL coverage. In Rel.15/16, the actual repetition number for TDD is less than FDD, due to the DL slots are counting as the repetition number, which results in the worse coverage for TDD than FDD. To support option 2, it would require additional handlings from gNB side and signallings. But anyway, these two options are not mutually exclusive, both options could be supported in Rel.17 coverage enhancement WI.
Proposal 1: For PUSCH repetition type A enhancement, support both Option 1 and Option 2 in WI.
Regarding to the other techniques for PUSCH coverage enhancement, the following two schemes were discussed in RAN1, and the conclusion was made.
	Conclusion:
·  RAN plenary to decide whether to support power boosting for pi/2 BPSK for PUSCH for PC2 UEs.
 Proposal:
Support sub-PRB transmission with multi-slot aggregation for PUSCH targeting VoIP services in Rel-17.
Supported by: CTC, Sony, LG, NTT DOCOMO, Sierra Wireless, Samsung, Qualcomm, IITH, IITM, CEWIT, Reliance Jio, Tejas Networks, Nokia, NSB
Net supported by: Ericsson, vivo


The performance of power boosting scheme was not extensive investigated during the study, only one simulation result was available. But the impacts of this scheme are not minor, such as the possible new UE power class over 26dBm, transmission duty cycle, regulation restriction, impacts on UE PA implementation. All these issues are falling into RAN4’s work area, so we propose RAN4 to study whether to support the power boosting for pi/2 BPSK for PUSCH for PC2 UEs.
Proposal 2: RAN4 is to study the power boosting for pi/2 BPSK for PUSCH for PC2 UEs and decides whether to support it. 
As for the sub-PRB transmission, before it is agreed to include in the WI, it needs to clarify first how many tones is to be supported in sub-PRB transmission. During the study, two companies showed the link budget gains with 6 tones transmission. To align with study, below 6 tones transmission should not be supported in the work item phase. 
Proposal 3: If sub-PRB transmission is allowed in WI, below 6 tones transmission is not supported.
PUCCH coverage enhancement
The simulation results showed that PUCCH channels could be the potential bottleneck channels in several evaluated scenarios on FR1 and FR2. In the SI phase, four potential schemes to improve the PUCCH coverage were extensive discussed. But no scheme was recommended from RAN1 perspective. Considering the performance and standard impacts, at least the dynamic PUCCH repetition indication can be supported in the WI.
	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


Proposal 4: Support Dynamic PUCCH repetition factor indication in the WI. 
Msg3 PUSCH and PRACH coverage enhancement
Whether RAN1 recommend Msg3 PUSCH repetition and PRACH coverage schemes were debated, unfortunately no agreements were reached, only the following discussions were documented.
	Proposal: To include the following recommendations in the TR:
· For coverage enhancements for channels other than PUSCH and PUCCH, it is recommended to support Msg3 PUSCH repetition in Rel-17. 
Supported by:	SoftBank, vivo, ZTE, CATT, Intel, China Telecom, CMCC, NEC, Samsung, OPPO, Sharp, LG 
Electronics, Ericsson, Apple, InterDigital, NTT DOCOMO, Qualcomm, Nokia/NSB, Potevio, WILUS
Not supported by: Huawei/HiSilicon

Proposal: To include the following recommendations in the TR:
· For coverage enhancements for channels other than PUSCH and PUCCH, it is recommended to support the following in Rel-17:
· Enhancements on short PRACH format for FR2, including multiple PRACH transmissions with the same beam and multiple PRACH transmissions with different beams.
Supported by:	 ZTE, Intel, Samsung, OPPO, Sony, InterDigital, Qualcomm, Nokia, Potevio, Sharp
Not supported by: Ericsson, vivo, Huawei/HiSilicon


For Msg3 PUSCH, the collected simulation results showed that it is the potential bottleneck channels in many scenarios on FR1 and FR2. Msg3 PUSCH repetition is simple and effective scheme to improve the msg3 coverage, and has less standard impacts. In addition, the enhanced msg3 coverage could reduce the time of PRACH process and save the signalling overhead, due to increasement of  the success rate of PRACH process. Thus, the msg3 PUSCH repetition should be supported in Rel.17. 
Proposal 5: Support Msg3 repetition for both initial transmission and re-transmission in the WI. 
For the PRACH coverage enhancement, the views from different companies are quite diverse. According to FR2 simulation results, the standard deviation for PRACH format B4 is large, i.e., around 6dB, its MIL is worse about 2dB than the benchmark channel PUCCH format 1. And comparing with other potential bottleneck channels on FR2, PRACH format B4 is on the fringe of bottleneck.
Observation 2: PRACH format B4 may or may not be the bottleneck channel on FR2.
Summary
In this contribution, we discuss the scope of new NR coverage enhancements work item, and have the following proposals and observations:
Observation 1: The PUSCH for eMBB and VoIP are the bottleneck channels on FR1 and FR2.
Proposal 1: For PUSCH repetition type A enhancement, support both Option 1 and Option 2 in WI.
Proposal 2: RAN4 is to study the power boosting for pi/2 BPSK for PUSCH for PC2 UEs and decides whether to support. 
Proposal 3: If sub-PRB transmission is allowed in WI, below 6 tones transmission is not supported.
Proposal 4: Support Dynamic PUCCH repetition factor indication in the WI. 
Proposal 5: Support Msg3 repetition for both initial transmission and re-transmission in the WI. 
Observation 2: PRACH format B4 may or may not be the bottleneck channel on FR2.
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