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Introduction
[bookmark: _Hlk528931115]In the RAN#86 meeting, a new study item on NR coverage enhancement was approved [1] and further revised in RAN#88 meeting [2]. The objective of this study item is to identify bottleneck channels for both DL and UL and study potential solutions for both FR1 and FR2. Until RAN1#103e meeting, abundant simulation results were provided by companies and the identification of bottleneck channels was extensively discussed. The following agreements were achieved for bottleneck channel identification in FR1 and FR2 respectively.
	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
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
1. PUCCH F1
· No evident coverage bottleneck is identified for Indoor scenario for FR2



In this paper we discuss the recommended techniques of coverage enhancement for each channel.
Discussion
PUSCH
In RAN1#103-e meeting, PUSCH for eMBB and PUSCH for VoIP were identified as the bottleneck channel based on RAN1’s evaluation. Enhancements on PUSCH repetition type A, TB processing over multi-slot PUSCH and joint channel estimation for PUSCH were recommended for PUSCH coverage enhancements.
	Agreements: Capture the following observation into the TR.
· 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.

Agreements: Capture the following observation into the TR.
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.

Agreements: Capture the following observation into the TR.
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




In addition, power boosting for pi/2 BPSK and sub-RB transmission with multi-slot aggregation were also discussed as the potential techniques for coverage enhancement of PUSCH. For a PUSCH carrying a small packet, e.g. VoIP packet, the minimum frequency domain resource allocation granularity of 1 RB would be a limiting factor on further increasing PSD. Sub-PRB transmission can potentially improve the coverage with concentrating the power on limited subcarriers within a RB. The coverage can be further enhanced with slot aggregation as time domain diversity is harvested. Furthermore, it can be jointly applied with channel estimation across slots, which benefits from the nature that the packet is transmitted on consecutive slots. It should be also noted that the sub-RB transmission with slot aggregation has been specified for eMTC and NB-IoT. Therefore, it is proposed to further investigate sub-RB transmission with slot aggregation in the work item. 

Proposal 1: The following techniques for coverage enhancement of PUSCH are proposed to be included in coverage enhancements WID:
· Enhancements on PUSCH repetition type A
· Increasing the maximum number of repetitions and/or counting the number of repetitions on the basis of available UL slots
· TB processing over multi-slot PUSCH
· TBS determined based on multiple slots and transmitted over multiple integer slots
· Joint channel estimation or DM-RS bundling for PUSCH
· Joint channel estimation over consecutive PUSCH transmissions
· Inter-slot frequency hopping with inter-slot bundling
· Sub-PRB transmission with multi-slot aggregation
PUCCH 
The performance of PUCCH in different scenarios in both FR1 and FR2 has been evaluated extensively, which is identified as the potential bottleneck channel in FR1 with second priority and in FR2. 
Four potential techniques on coverage enhancement for PUCCH with the first priority were fully discussed until RAN1#103 e-meeting, from many aspects, e.g. the use case, the restrictions, potential gains, the specification impacts, etc. 
· DMRS-less PUCCH
· PUCCH repetition type B
· Dynamic repetition indication
· Cross-slot channel estimation
DMRS-less PUCCH
For DMRS-less PUCCH, the key point is to introduce sequence-based PUCCH format which can benefit from the high reliability of sequence detection. However, it will complicate the receiver especially when the UCI payload is large. It may be leveraged by certain UCI bit to sequence mapping rule, but still the complexity is a concern. In addition, the sequence design will bring cumbersome specification efforts which may make the scope out of control. Considering the large specification impact and work load, DMRS-less PUCCH, as a complex and over-optimized solution, is not preferable. 
PUCCH repetition type B
With regard to PUCCH repetition type B, there is no justification on the benefits in terms of PUCCH coverage. It should be noted that PUSCH repetition type B was introduced in Rel-16 URLLC only for latency reduction. There is nothing about reliability or coverage enhancement. The motivation of introducing PUCCH repetition type B for PUCCH coverage enhancement is far from being justified. Furthermore, it is the common understanding in RAN1 that PUCCH repetition type B can only be applied to a UCI<11 bits, which is reflected by the following agreement achieved in RAN1#103 e-meeting.
	Agreements: For PUSCH repetition type-B like PUCCH repetition, capture the following in the TR
Restriction of the scheme: 
· Only applicable to UCI <=11 bits


It is quite clear that PUCCH repetition type B is a payload-dependent solution which is against the spirit of coverage enhancement should be payload agnostic. If the coverage of a PUCCH with UCI>11 bits can be ensured, there is no reason to enhance the smaller payload size in addition. Furthermore, considering PUCCH and PUSCH are totally different channels, which have different physical channel structures, different channel coding schemes, different resource allocations, different DMRS patterns, etc., the specification efforts would be extremely heavy. 
Proposal 2: PUCCH repetition type B should not be included in coverage enhancements WID.
Dynamic repetition indication
For dynamic PUCCH repetition factor indication, it can guarantee a sufficient repetition number of PUCCH transmission depending on the channel condition. At the same time, the flexibility of dynamic PUCCH repetition factor indication can mitigate the collision issue between the PUCCHs with large number of repetitions and PUSCH transmission. Hence the overall transmission performance can be improved. 
Cross-slot channel estimation
For DMRS bundling cross PUCCH repetitions, the coverage can benefit from the more accurate channel estimation. It should be noted that the channel estimation across consecutive repetitions is up to gNB implementation, which has limited specification impacts. 
Comprehensively considering the performance gain, specification efforts and complexity, we have the following proposal.
Proposal 3: The following techniques for coverage enhancement of PUCCH are proposed to be included in coverage enhancements WID:
· Dynamic PUCCH repetition factor indication
· DMRS bundling cross PUCCH repetitions

Channels other than PUSCH and PUCCH
As mentioned in section 1, Msg3 PUSCH is identified as the potential bottleneck channel in FR1 with second priority and in FR2. Msg3 transmission is a critical step during the random access procedure, which play an important role for the overall network coverage. Different from normal PUSCH transmission, Msg3 PUSCH repetition is not supported as it can only be scheduled by DCI format 0_0. The performance gain in terms of coverage can be achieved by repetition, which has been already extensively discussed in RAN1 from many aspects. In order to enhance the coverage of Msg3 PUSCH to carter to various scenarios, we have the following proposal:
Proposal 4: Coverage enhancement of Msg3 PUSCH via repetition is proposed to be included in coverage enhancements WID.
For the coverage enhancements for other channels than PUSCH and PUCCH, they are generally not fully justified and should not be supported in work item considering the workload of the scope.
Conclusion
In this contribution we discuss the coverage enhancement of different channels for Rel-17 coverage enhancements work item. The proposals are summarized in the following:
Proposal 1: The following techniques for coverage enhancement of PUSCH are proposed to be included in coverage enhancements WID:
· Enhancements on PUSCH repetition type A
· Increasing the maximum number of repetitions and/or counting the number of repetitions on the basis of available UL slots
· TB processing over multi-slot PUSCH
· TBS determined based on multiple slots and transmitted over multiple integer slots
· Joint channel estimation or DM-RS bundling for PUSCH
· Joint channel estimation over consecutive PUSCH transmissions
· Inter-slot frequency hopping with inter-slot bundling
· Sub-PRB transmission with multi-slot aggregation

Proposal 2: PUCCH repetition type B should not be included in coverage enhancements WID.

Proposal 3: The following techniques for coverage enhancement of PUCCH are proposed to be included in coverage enhancements WID:
· Dynamic PUCCH repetition factor indication
· DMRS bundling cross PUCCH repetitions

Proposal 4: Coverage enhancement of Msg3 PUSCH via repetition is proposed to be included in coverage enhancements WID.
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