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Introduction
This contribution is revised from R1-1715541.
In this contribution, the long PUCCH structure design for UCI of up to 2 bits is discussed in support of beam sweeping and coverage enhancement. 
The follow agreements achieved in the previous meetings [1] are listed as reference:
Agreements:
· For long PUCCH for UCI of up to 2 bits, DM-RS is located in all the even symbols, where the symbol is indexed from the start of the long PUCCH of value 0
Agreements:
· For long-PUCCH for UCI up to 2 bits, up to 3 OCC multiplexing capacity are supported with frequency hopping
· FFS: OCC multiplexing capacity values without frequency hopping.
· FFS: whether to have the same multiplexing capacity w/ and w/o frequency hopping for a given duration of long PUCCH.
· OCC multiplexing capacity for each long PUCCH duration (including FFS values) as listed in the following table 
· FFS on OCC length
· Note: It doesn’t imply that the OCC multiplexing capacity for DMRS and UCI are the same

	Long-PUCCH duration N
	OCC Multiplexing capacity M

	
	with hopping
	without hopping FFS

	4
	1
	FFS [2]

	5
	1
	FFS[2]

	6
	1
	FFS[2]

	7
	FFS [1 or 2]  
	FFS[2]

	8
	2
	FFS[3-4]

	9
	2
	FFS[3-4]

	10
	2
	FFS[3-5]

	11
	FFS [2 or 3]  
	FFS[3-5]

	12
	3
	FFS[3-6]

	13
	3
	FFS[3-6]

	14
	3
	FFS[3-7]




Agreements:
· NR studies a new set of sequences for short PUCCH and long PUCCH for UCI bits up to 2
· For a fair comparison of at least length 12 NR CGS designs for PUCCH, the companies are encouraged to provide/re-evaluate their proposed sequences based on the following all or a subset of performance metrics
· Maximum PAPR/CM, minimum PAPR/CM, mean PAPR/CM (assuming at least 8x oversampling)  
· Maximum cross-correlation
· Between the base sequences for new NR sequences by applying all CS values
· Between the base sequences for new NR and LTE sequences by applying all CS values (LTE CGS for 1 and 2 PRBs ,and ZC sequences for >2PRBs up to 100MHz bandwidth) considering all partial overlapping
· Other examples for metrics can be but not limited to
· Statistics of cross-correlation (mean/max/std dev/95% tile)
· with both Method 1 (with NFFT=12*32) and Method 5 (Based on R1-163437)
· Note: Timing miss-alignment with other values for oversampling can also be realized with Method 5.
· And/or with aperiodic cross-correlation for different timing arrivals
· Modulation type, EVM
· Receiver complexity
· LTE CGS are used as the reference for performance comparison


Discussion

Support of beam sweeping 
To achieve better PUCCH coverage and spatial diversity gain, UL UE Tx beam sweeping and gNB Rx beam sweeping can both be considered for long PUCCH.  Time domain PUCCH resource granularity for UCI payload mapping and repetition may be dependent on use cases, numerology, UE and gNB antenna/beamforming architectures.

[image: ]Figure.1 PUCCH transmitted in a beam sweeping manner

In the light of agreement that DM-RS is located in all the even symbols in the long PUCCH, two examples are presented in Figure.2. Assuming UE can support UL PUCCH Tx beam sweeping with two beams, 3 or 2 SC-FDMA symbols per beam are illustrated. In case of 3 symbols in each beam shown in Block (a), R+U+R are mapped and transmitted in beam#1, and U+R+U in beam#2. This can lead to performance imbalance in different UL Tx beams, also in different gNB Rx beams. To avoid such case, only even number of symbols in each beam should be transmitted as shown in Block (b). However, a possible issue can be further identified. For example, when odd symbol number of PUCCH is transmitted and each beam contains 2 symbols, the last RS symbol are wasted. To solve this, the last symbol can be merged into the previous beam. Thereby, we have the following proposals:
Proposal 1: For beam sweeping of long PUCCH with UCI of up to 2 bits, support even number of symbols per PUCCH beam and structure with flexible number of symbols in the last PUCCH beam.

Support of coverage enhancement
As for the use case of coverage enhancement, a configurable/fixed number of PUCCH symbols can be used as a basic component which stands for the coverage enhancement granularity. Then the different coverage enhancement levels can be achieved via configurable number of repetitions of the basic PUCCH component. Due to the flexible TDD structure, the long PUCCH consisting of repetition of the basic PUCCH component can be within a slot or cross slots. Therefore, we would like to propose:
Proposal 2: For long PUCCH with UCI of up to 2 bits, coverage enhancement is supported by repetition of a basic PUCCH component, which may consist of multiple of 2 symbols.

Conclusions
In this contribution, we provide our views on NR long PUCCH design for UCI of up to 2 bits considering prioritized use cases of multi-beam operation and coverage enhancement. To sum up the discussion and proposals:
Proposal 1: For beam sweeping of long PUCCH with UCI of up to 2 bits, support even number of symbols per PUCCH beam and structure with flexible number of symbols in the last PUCCH beam.
Proposal 2: For long PUCCH with UCI of up to 2 bits, coverage enhancement is supported by repetition of a basic PUCCH component, which may consist of multiple of 2 symbols.
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