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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
Regarding the structure of 1-symbol NR-PUCCH for up to 2 bits UCI payload, some agreements during RAN1 meetings are as follows,
Agreements [1]:
· For 1-symbol PUCCH without SR with 1 or 2 bit(s) UCI payload size, RAN1 will select one from the following options.
· Option 1: RS and UCI are multiplexed by FDM manner in the OFDM symbol
· UCI can be sequence
· FFS: low PAPR design is applied
· Option 4: Sequence selection with low PAPR
· FFS following cases:
· If SR only
· If with SR + other UCI;
· This does not imply the necessity of special SR design 
· FFS whether the design may or may not depend on the frequency range

Agreements [2]:
· Working assumption:
· For short-PUCCH with UCI of up to 2 bits (with/without SR), option 4 is supported.
· No more short-PUCCH format is supported for short-PUCCH in the WID scope.
In this contribution, details of short-PUCCH are provided based on the agreements.
2. Discussions
2. Candidate structures
[bookmark: OLE_LINK1][bookmark: OLE_LINK9][bookmark: OLE_LINK8]Structure of 1-symbol NR-PUCCH up to 2-bit
Different alternatives for 1-symbol NR-PUCCH with 1 or 2 bit(s) UCI payload are given in Figure 1. 
For option 1, RS and UCI are multiplexed by FDM manner in the OFDM symbol. The subcarriers of a PRB are split into two combs and one comb is used for RS and the other comb is used for UCI. The number of subcarriers used for UCI depends on the RS density design. When UCI is based on repetition coding, only one UE can be multiplexed in each PRB. When UCI is a sequence modulated by BPSK/QPSK symbol, each user is assigned with one cyclic shift for DM-RS and UCI sequence, respectively, thus the multiplexing capacity is up to 6(4) users per PRB corresponds to 1/2 (1/3) DMRS overhead and maximum 6(4) cyclic shift of the base sequence. 
For option 4, no DMRS is transmitted and non-coherent de-modulation can be applied. For 1-bit UCI a user is assigned to 2 cyclic shifts and the maximum multiplexing capacity is 6 users per PRB. For 2 bits UCI, 4 cyclic shifts are needed per user and up to 3 users can be multiplexed on a single PRB at the maximum. In [4] [5], it’s found that sequence based scheme with equal cyclic shift distance (e.g.,  for 2bits),  (m: No. of UCI bits) REs have a constant value no matter which cyclic shift candidate is selected, which can be also used as DMRS. That is, sequence based scheme with equal cyclic shift is a special FDM scheme with 1/2(1/4) RS overhead for 1-bit (2-bit) UCI.
[image: ]
Figure 1. Candidate structures for 1-symbol NR-PUCCH with 1/2 bit(s) UCI (example)

[bookmark: _GoBack]Proposal 1: Considering low PAPR and MUX capacity, confirm the WA as agreement: For short-PUCCH with UCI of up to 2 bits (with/without SR), option 4 is supported.

Design options for sequence selection
Several options for sequence selection with 1-bit payload
· Option 1: Use 2 sequence and 1 RB (sequence selection)
· Option 2: Use 2 sequence and N RBs with comb size = N
Several options for sequence selection with 2-bit payload
· Option 1: Use 4 sequence and 1 RB (sequence selection)
· Option 2: Use 4 sequence and N RBs with comb size = N
· Option 3: Use 2 sequence and 2 RBs (sequence selection + RB selection)
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Figure 2. Design options for sequence selection

Option 2 adopts a comb-like resource mapping for sequence selection. It has some advantages, e.g., 
· Increasing the frequency diversity while still keeping low PAPR. 
· It is also beneficial for multiplexing small payload short-PUCCH with large payload short PUCCH, as well as long PUCCH.
· Moreover, from unlicensed operation aspect, PUCCH in ‘comb’ can occupy spectrum resources more efficiently (unlicensed band has the regulation requirement of channel occupancy). IFDMA like PUSCH has been introduced in LTE LAA, if follow-on NR releases support PUCCH over unlicensed band, IFDMA like PUCCH will be a good choice
Option 3 adopts 2 RB for first 1-bit and 2 sequence for the second 1-bit. UE transmits one of the 2 sequence on RB0 when first 1-bit = 0, on RB1 when first 1-bit = 1. 
Further investigations on these design options are needed.

Multiplexing between different NR-PUCCH formats
Regarding the multiplexing between short-PUCCH and long-PUCCH or PUCCH for large payload and small payload, there are several multiplexing options summarized as followings:
· Option 1: TMD
· Option 2: FDM in the granularity of RB
· Option 3: CDM within the same RB(s)
· Option 4: IFDMA within the same RB(s)
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Figure 3. Possible options to multiplex different PUCCH/ PUCCH and SRS 

For option 1, the available UL symbols in a slot are limited in most cases, it may be not efficient to multiplex different PUCCH formats in the manner of TDM. 
Option 2 is very similar to LTE scheme. However, considering the number of PUCCH formats, the reserved PUCCH resourecs in terms of overhead may be very large.
For option 3, note that X1 to X2 PRBs can be configured to support various UCI payload sizes, so it seems difficult to support option 3 if different PRBs are used for two PUCCH. 
Option 4 with ‘comb’ structure can increase PUCCH transmission opportunity. Compared with option 2, option 4 can increase frequency diversity of each PUCCH without increasing any overhead. The multiplexing case are descirbed as follows (Table 1),
Table 1. Combinations of NR-PUCCH multiplexing
	　
	
	　
	
	　
	
	　

	UE 1 RS
(dark red)
	
	UE 1 UCI
(light red)
	
	UE 2 RS
(dark blue)
	
	UE 2 UCI
(light blue)



	UE1
UE2
	Short-PUCCH
up to 2bit
	Short-PUCCH
more than 2 bit
	Long-PUCCH
up to 2bit
	Long-PUCCH
more than 2bit

	Short-PUCCH
up to 2bit
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	Short-PUCCH
more than 2 bit
	-
	[image: ]
	[image: ]
	[image: ]

	Long-PUCCH
up to 2bit
	-
	-
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	Long-PUCCH
more than 2bit
	-
	-
	-
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Besides, it’s simple to multiplex with SRS if IFDMA like PUCCH is adopted. In LTE, PUCCH and SRS are TDMed. However, in NR, SRS transmission from a UE will be within partial bandwidth in most cases, therefore, the reserved SRS symbol(s) cannot be fully used if PUCCH and SRS are TDMed. On the other side, IFDMA manner can support SRS and PUCCH multiplexing within the same symbol(s) thus reducing the individual SRS symbol(s).
To sum up, option 4 (IFDMA) provides very flexible multiplexing with multiple PUCCH formats and SRS.
Proposal 2: In order to multipex different PUCCH or PUCCH and SRS, IFDMA like PUCCH should be consiered. 
3. Conclusion
Proposal 1: Considering low PAPR and MUX capacity, confirm the WA as agreement: For short-PUCCH with UCI of up to 2 bits (with/without SR), option 4 is supported.
Proposal 2: In order to multipex different PUCCH or PUCCH and SRS, IFDMA like PUCCH should be consiered. 
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