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Introduction
In this document, a summary of companies’ view on potential techniques for PUCCH coverage enhancement is provided. 
[bookmark: _Ref471731770][bookmark: _Ref462669569]Summary of submitted proposals
There were in total 20 contributions submitted to this meeting under 8.8.2.2. The proposed techniques for PUCCH coverage enhancement are categorized and summarized in the following Table. 
The list of supporting companies is an initial list based on FL’s understanding of companies’ position expressed in their contributions. Companies are welcome to add your name in the list to support a scheme or modify the list if the position is changed. 
Table 0: Summary of PUCCH coverage enhancement techniques and supporting companies
	Proposed PUCCH coverage enhancement techniques
	Supporting companies

	Sequence based DMRS-less PUCCH
	ZTE/Sanechips, Huawei/HiSi, NEC, Intel, CMCC, QC, Interdigital, Sharp, EURECOM (11)

	PUSCH repetition Type-B like PUCCH repetition
	Nokia/NSB, VIVO, Huawei/HiSi, Panasonic, WILUS, Samsung (8)

	(Explicit or implicit) Dynamic PUCCH repetition factor indication 
	OPPO, ZTE/Sanechips, CATT, Ericsson, QC, Samsung (7)

	Sequence based PF 0/1 with Pi/2 BPSK
	IITH, CeWiT, IITM, Reliance Jio, Tejas Networks (5)

	Pre-DFT data-RS multiplexing for PF2 with Pi/2 BPSK
	IITH, CeWiT, IITM, Reliance Jio, Tejas Networks (5)

	DMRS bundling for PUCCH
	Intel, CATT, VIVO, NEC, Panasonic (5)

	Compact UCI
	OPPO, QC, Nokia/NSB (low priority), Sony (5)

	Freq hopping enhancement for PUCCH
	Intel, NEC, Panasonic, Wilus (4)

	Short/mini-slot PUCCH repetition
	DCM, Panasonic, Sharp, QC (4)

	Power control enhancement for PUCCH 
	Huawei/HiSi, Sony, Samsung (4)

	Increase maximum # allowed repetitions for PUCCH
	OPPO, Intel, CATT, Samsung (4)

	PUCCH Transmit diversity scheme
	Intel, CATT, Sony (3)

	DMRS overhead reduction
	OPPO, Intel (2)

	UE Antenna configuration enhancement for FR2
	Sony (1)

	Higher DMRS density
	Intel (1)

	A-CSI on PUCCH
	Ericsson (1)

	Symbol-level PUCCH repetition
	Panasonic (1)

	Relay (including sidelink relay)
	Sony (1)

	Reflective arrays
	Sony (1)


Discussion 
The next phase is to have technical discussions on each proposed technique. Companies are welcome to express feedback and comments to discuss the pros. and cons. for each technique in the following tables. For those schemes that already been evaluated with link level simulations (LLS), companies are welcome to report the observed gain in the following tables. 
Sequence based DMRS-less PUCCH
Companies are welcomed to provide views in the following table to identify the pros. and cons. of this scheme.
Table 1: Comments on the “Sequence based DMRS-less PUCCH”
	Company name
	LLS gain observed over Rel-15 baseline
	Pros. of the proposed scheme
	Cons. of the proposed scheme
	Other comments

	vivo
	FFS
	
	1, Unclear performance gain.
2, A new PUCCH format may bring about noneligible spec effort.

	As proposed by several companies, the motivation of sequence based PUCCH is to enhance UCI with 3-11 bits. However, the sequence based detection can also be performed based on current PUCCH format 3, the modulated symbols can be considered, as well as the DMRS symbol, can be considered as a long sequence, ML sequence detection can be performed at gNB by implementation. Therefore, the enhanced scheme should be compared with current PUCCH format 3 with the ML sequence detector in LLS.

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


PUSCH repetition Type-B like PUCCH repetition
Companies are welcomed to provide views in the following table to identify the pros. and cons. of this scheme.
Table 2: Comments on the “PUSCH repetition Type-B like PUCCH repetition”
	Company name
	LLS gain observed over Rel-15 baseline
	Pros. of the proposed scheme
	Cons. of the proposed scheme
	Other comments

	vivo
	Depending on the additional resources can be utilized. 
	The UL resources in S slot can be utilized together with the resources in U slots.
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


(Explicit or implicit) Dynamic PUCCH repetition factor indication
Companies are welcomed to provide views in the following table to identify the pros. and cons. of this scheme.
Table 3: Comments on the “(Explicit or implicit) Dynamic PUCCH repetition factor indication”
	Company name
	LLS gain observed over Rel-15 baseline
	Pros. of the proposed scheme
	Cons. of the proposed scheme
	Other comments

	vivo
	None
	
	For the explicit scheme, additional bit field would be introduced in DCI, which may degrade the performance of PDCCH.
For the implicit scheme, does it mean dynamically determine the number of PUCCH repetitions? In our opinion, in current spec, UE can select different PUCCH resource set according to UCI bits, and different repetition numbers can be configured to different PUCCH resource set. Therefore, current PUCCH resource set selection rule is quite flexible to support determine the number PUCCH repetition number implicitly.
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



Sequence based PF 0/1 with Pi/2 BPSK
Companies are welcomed to provide views in the following table to identify the pros. and cons. of this scheme.
Table 4: Comments on the “Sequence based PF 0/1 with Pi/2 BPSK”
	Company name
	LLS gain observed over Rel-15 baseline
	Pros. of the proposed scheme
	Cons. of the proposed scheme
	Other comments

	vivo
	FFS
	
	
	Based on RAN4 MPR requirement, the MPR for PUCCH format 0/1 is 0 for inner RB allocation. Therefore, low PAPR transmission can be realized by proper gNB configuration. Therefore, the additional gain brought by pi/2 BPSK for PF0/1 is doubtful.

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



Pre-DFT data-RS multiplexing for PF2 with Pi/2 BPSK
Companies are welcomed to provide views in the following table to identify the pros. and cons. of this scheme.
Table 5: Comments on the “Pre-DFT data-RS multiplexing for PF2 with Pi/2 BPSK”
	Company name
	LLS gain observed over Rel-15 baseline
	Pros. of the proposed scheme
	Cons. of the proposed scheme
	Other comments

	vivo
	
	
	
	We prefer PUCCH based on long PUCCH format, and enhancements based on PF2 should be deprioritized.

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



DMRS bundling for PUCCH
Companies are welcomed to provide views in the following table to identify the pros. and cons. of this scheme.
Table 6: Comments on the “DMRS bundling for PUCCH”
	Company name
	LLS gain observed over Rel-15 baseline
	Pros. of the proposed scheme
	Cons. of the proposed scheme
	Other comments

	vivo
	Around 1dB
	Channel estimation accuracy can be improved. And this scheme is easy to be implemented.
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



Compact UCI
Companies are welcomed to provide views in the following table to identify the pros. and cons. of this scheme.
Table 7: Comments on the “Compact UCI”
	Company name
	LLS gain observed over Rel-15 baseline
	Pros. of the proposed scheme
	Cons. of the proposed scheme
	Other comments

	vivo
	FFS
	Lower coding rate can provide better coverage
	DL coverage may be degraded due to some UCI information, e.g. CSI, is dropped. While DL coverage is far better than UL coverage, the DL performance loss is acceptable.
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



Freq hopping enhancement for PUCCH
Companies are welcomed to provide views in the following table to identify the pros. and cons. of this scheme.
Table 8: Comments on the “Freq hopping enhancement for PUCCH”
	Company name
	LLS gain observed over Rel-15 baseline
	Pros. of the proposed scheme
	Cons. of the proposed scheme
	Other comments

	vivo
	Around 1dB
	Easy to be implemented, and spec impact is limited.
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



Short/mini-slot PUCCH repetition
Companies are welcomed to provide views in the following table to identify the pros. and cons. of this scheme.
Table 9: Comments on the “Short/mini-slot PUCCH repetition”
	Company name
	LLS gain observed over Rel-15 baseline
	Pros. of the proposed scheme
	Cons. of the proposed scheme
	Other comments

	vivo
	
	
	
	We think this topic can be covered by type-B PUCCH repetition in section 3.2

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



Power control enhancement for PUCCH
Companies are welcomed to provide views in the following table to identify the pros. and cons. of this scheme.
Table 10: Comments on the “Power control enhancement for PUCCH”
	Company name
	LLS gain observed over Rel-15 baseline
	Pros. of the proposed scheme
	Cons. of the proposed scheme
	Other comments

	vivo
	
	
	
	The solution seems not clear?

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



Increase maximum # allowed repetitions for PUCCH
Companies are welcomed to provide views in the following table to identify the pros. and cons. of this scheme.
Table 11: Comments on the “Increase maximum # allowed repetitions for PUCCH”
	Company name
	LLS gain observed over Rel-15 baseline
	Pros. of the proposed scheme
	Cons. of the proposed scheme
	Other comments

	vivo
	
	
	
	In current PUCCH repetition mechanism, the PUCCH repetition is postponed if collision with DL or cancelled by SFI, therefore maximum 8 repetitions seems enough.

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



PUCCH Transmit diversity scheme
Companies are welcomed to provide views in the following table to identify the pros. and cons. of this scheme.
Table 12: Comments on the “PUCCH Transmit diversity scheme”
	Company name
	LLS gain observed over Rel-15 baseline
	Pros. of the proposed scheme
	Cons. of the proposed scheme
	Other comments

	vivo
	
	
	For SORTD, as that introduced in LTE, double resources would be used for two antenna ports.
For frequency domain precoding cycling, it may lead to higher PAPR for PUCCH with DFT-S-OFDM waveform, i.e. PF3 and PF4.
	The transmission diversity scheme relies on UE Tx antenna design, the coverage enhancement solutions is preferred not to rely on antenna configuration.

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



DMRS overhead reduction
Companies are welcomed to provide views in the following table to identify the pros. and cons. of this scheme.
Table 13: Comments on the “DMRS overhead reduction”
	Company name
	LLS gain observed over Rel-15 baseline
	Pros. of the proposed scheme
	Cons. of the proposed scheme
	Other comments

	vivo
	FFS
	
	
	When DMRS bundling is introduced, DMRS less PUCCH can also considered.

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



UE Antenna configuration enhancement for FR2
Companies are welcomed to provide views in the following table to identify the pros. and cons. of this scheme.
Table 14: Comments on the “UE Antenna configuration enhancement for FR2”
	Company name
	LLS gain observed over Rel-15 baseline
	Pros. of the proposed scheme
	Cons. of the proposed scheme
	Other comments

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



Higher DMRS density
Companies are welcomed to provide views in the following table to identify the pros. and cons. of this scheme.
Table 15: Comments on the “Higher DMRS density”
	Company name
	LLS gain observed over Rel-15 baseline
	Pros. of the proposed scheme
	Cons. of the proposed scheme
	Other comments

	vivo
	
	Better channel estimation accuracy.
	Higher coding rate
	The balance between channel estimation accuracy and coding rate should be carefully studied.

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



A-CSI on PUCCH
Companies are welcomed to provide views in the following table to identify the pros. and cons. of this scheme.
Table 16: Comments on the “A-CSI on PUCCH”
	Company name
	LLS gain observed over Rel-15 baseline
	Pros. of the proposed scheme
	Cons. of the proposed scheme
	Other comments

	vivo
	
	
	
	It seems that URLLC is also discussing the same topic, it can be discussed in URLLC WI.

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



Symbol-level PUCCH repetition
Companies are welcomed to provide views in the following table to identify the pros. and cons. of this scheme.
Table 17: Comments on the “Symbol-level PUCCH repetition”
	Company name
	LLS gain observed over Rel-15 baseline
	Pros. of the proposed scheme
	Cons. of the proposed scheme
	Other comments

	vivo
	
	
	
	We think symbol level PUCCH repetition have similar performance as (mini-)slot based repetition.

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



Relay (including sidelink relay)
Companies are welcomed to provide views in the following table to identify the pros. and cons. of this scheme.
Table 18: Comments on the “Relay (including sidelink relay)”
	Company name
	LLS gain observed over Rel-15 baseline
	Pros. of the proposed scheme
	Cons. of the proposed scheme
	Other comments

	vivo
	
	
	
	Do not consider in this SI.

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



Reflective arrays
Companies are welcomed to provide views in the following table to identify the pros. and cons. of this scheme.
Table 19: Comments on the “Reflective arrays”
	Company name
	LLS gain observed over Rel-15 baseline
	Pros. of the proposed scheme
	Cons. of the proposed scheme
	Other comments
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