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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
Regarding the design of 1-symbol NR-PUCCH for up to 2 bits UCI payload, some agreements during RAN1 #90 and ad-hoc #3 meetings are as follows,
Agreements [1]:
· For 1-symbol short-PUCCH for UCI of up to 2 bits,
· The sequence length of 12 REs with consecutive mapping within a PRB is at least supported.
· Further study 24 or 48 REs.
· Further study for multiplexing b/w sequence-based short-PUCCH and other sequences using CDM or FDM (DMRS for PUSCH/PUCCH, SRS, long-PUCCH).
· Including comb-structure
· For the sequence length of 12 REs,
· The supported number of base sequences is 30
· The number of cyclic shifts available for one base sequence is 12
Agreements [2]:
· For simultaneous transmission of 2-bit HARQ-ACK and SR, short PUCCH for UCI of up to 2 bits is used
· Aim to conclude one solution in the next meeting (e.g., # of sequences, potential resource selection, potential spatial bundling, etc.)
· Confirm the following working assumption:
· For short-PUCCH with UCI of up to 2 bits (with/without SR), option 4 is supported.
· Note: option 4 is sequence selection
In this contribution, details of short-PUCCH as well as our views are provided based on the agreements. This is contribution is an update of R1-1715635.
2. Discussions
2. Candidate structures
Design options for sequence selection
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[bookmark: _GoBack]Figure 1. 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)

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.

2. 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 2. 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
	-
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	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 1: In order to multipex different PUCCH or PUCCH and SRS, IFDMA like PUCCH should be consiered. 
2. Remaining issues on short PUCCH up to 2-bit UCI
PUCCH sequence assignment to UCI bits
There are two alternatives to be considered for simultaneous transmission of HARQ-ACK 2 bits and positive SR,
· [bookmark: OLE_LINK11]Alt. 1: short PUCCH for UCI of up to 2 bits
· Alt.2: short PUCCH for UCI of more than 2 bits
For Alt.1, additional resource (code-domain or frequecny-domain) can be configured to transmit HARQ-ACK and SR relative to HARQ-ACK only. For example, just like LTE, 4 sequences can be reserved at SR PRB and UE indicates SR via channel selection; another method is to reserve total 8 sequences as two groups and one group (4 sequences) can be chosen according to SR state (e.g., positive SR or negative SR) . For more efficient resource utilization, some companies such as [3-5] proposed to compress the states by HARQ-ACK bundling.
For Alt.2, only one resource PUCCH is used but UE needs switch to another PUCCH format, which will result in more PUCCH resources to be configured. Because gNB needs to reserve source respectively for PUCCH with up to 2bits and PUCCH with more than 2bits. Moreover, it’s known that the link performance of sequence selection PUCCH is better than that of PUCCH with UCI FDMed with RS.
Proposal 2: For the simultaneous transmission of HARQ-ACK 2 bits and positive SR, Alt. 1 should be supported.
Inter-cell interference randomization
In LTE, there are many methods to randomize inter-cell interference, including data scrambling, group hopping, sequence hopping and cyclic shift hopping. Particularly, data scrambling is appied for bits after channel coding. Group/sequence hopping is applied for reference signals where reference-signal base sequences are divided into 30 groups, group hopping means that for a UE, the used base sequence between differernt slots  is from different groups. Sequence hopping only applies for reference-signals of length  because only when the reference-signal length is longer than , there are more than 60 base sequences and when divided into 30 groups, each group can have two base sequences. In NR, it’s agreed that for the sequence length of 12 REs, the supported number of base sequences is 30. That is, if the same grouping mechanism is used in NR, i.e.,30 groups, only one base sequence in each group, thus sequence hopping can not be achieved. In our opnion, for 1-symbol PUCCH with up to 2-bit UCI which can be transmission in sequence selection manner with less than 6PRB, at least cyclic shift hopping sholud be supported for inter-cell interference randomization.
[bookmark: OLE_LINK5]Proposal 3: At least cyclic shift hopping sholud be supported for short PUCCH with up to 2-bit UCI.
3. Conclusion
Proposal 1: In order to multipex different PUCCH or PUCCH and SRS, IFDMA like PUCCH should be consiered.
Proposal 2: For the simultaneous transmission of HARQ-ACK 2 bits and positive SR, Alt. 1 should be supported.
Proposal 3: At least cyclic hopping sholud be supported for short PUCCH with up to 2-bit UCI.
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