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1 Introduction
In RAN1 NR Ad-Hoc#3, short-PUCCH for up to 2 bits and PUCCH resource allocation were discussed with following agreements:
Agreements:

· 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

Agreements:
· A set of PUCCH resources at least for HARQ-ACK which is configured to a UE by high layer signaling is defined as one of followings (to be down-selected).

· Opt.1: One or multiple set(s) of PUCCH resources consisting of same or different PUCCH formats. 

· Opt.2: One or multiple set(s) of PUCCH resources for each PUCCH format.

· Opt.3: A set of PUCCH resources for each duration of each PUCCH format.

· Opt.4: A set of PUCCH resources for PUCCH formats carrying up to 2 bits UCI. Another set of PUCCH resources for PUCCH formats carrying more 2 bits UCI. 

· FFS: How to identify a PUCCH resource from the set of PUCCH resource. 

· At least for HARQ-ACK, the starting slot of PUCCH is indicated by DCI.

· Earliest transmission timing is based on UE capability 

· FFS how PUCCH resource is defined

In this contribution, we show our views on the open issues of 1-symbol PUCCH for up to 2 UCI bits.
Note: This contribution is revised from R1-1715680.
2 Simultaneous transmission of SR and HARQ-ACK
For SR transmission, PUCCH format and resource(s) should be semi-statically configured to one UE. For the case of 1-bit HARQ-ACK transmission, SR and HARQ-ACK should be simultaneously transmitted by 1-symbol PUCCH with 2 UCI bits. 4 sequences should be configured to the UE. If multiple SR configurations are configured in one symbol, all of the sequences configured for SR(s) should be used for sequence selection. 4-A sequences should be determined based on DL grant, where A is the number of sequences configured for SR(s) in the symbol.

Proposal 1: To support simultaneous transmission of SR and 1-bit HARQ-ACK, all of the sequences configured for SR(s) in one symbol can be used for sequence selection.

For the case of 2-bit HARQ-ACK transmission, the following schemes can be considered for simultaneous transmission of SR and HARQ-ACK:

a) Approach 1: Short-PUCCH for more than 2 bits is used.
For option 1, different types of PUCCH resource(s) are allocated to transmit HARQ-ACK in different slots, which has impact on the design of PUCCH resource allocation, i.e. PUCCH resources for different PUCCH formats should be configured by high layer signaling.
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Figure 1: PUCCH resource allocation for option 1
b) Option 2: Sequence selection with 4(or 5) sequences is used. Multiple HARQ-ACK states are combined.
Two HARQ-ACK bits are bundled to one bit, 4 sequences are used to 2 UCI bits. To support URLLC, the periodicity of SR may be very short, which leads to very frequent collision between SR and HARQ-ACK. Since HARQ-ACK bundling is used, the loss of downlink transmission efficiency can be expected for option 2. 
One optimized scheme using 5 sequences is proposed in [1], which can slightly reduce the loss of downlink transmission efficiency.
c) Option 3: Sequence selection with 8 sequences is used to transmit two HARQ-ACK bits and one SR bit.
All of the sequences configured for SR(s) should be used for sequence selection. However, additional sequences have to be configured to the UE. The main disadvantage of option 3 is the largest PUCCH overhead. 

In order to achieve high efficiency for both downlink and uplink, we propose that option 1 should be supported for simultaneous transmission of SR and 2-bit HARQ-ACK.
Proposal 2: To support simultaneous transmission of SR and 2-bit HARQ-ACK, short-PUCCH for more than 2 bits should be used.
3 Resource allocation for the UE configured with 2-TB transmission
It has been agreed that a set of PUCCH resources at least for HARQ-ACK which is configured to a UE by high layer signaling. When sequence selection is used for 1-symbol PUCCH with up to 2 UCI bits, 2 sequences will be configured to one UE for 1-bit UCI, and 4 sequences will be configured to one UE for 2-bit UCI. For the UE configured with 2-TB transmission, the UE may dynamically fall back to 1-TB transmission. The following methods of PUCCH resource allocation to support sequence selection can be considered for the UE configured with 2-TB transmission:

a) Method 1: The number of sequences allocated to the UE configured with 2-TB transmission is always 4.

The number of sequences in each configured set is 4. When 1 TB is scheduled, only 2 sequences in the set are valid, as shown in Table 1. 
Table 1: A set of PUCCH resources for method 1

	2-TB transmission
	1-TB transmission
	PUCCH resource

	ACK, ACK
	ACK
	S0

	ACK, NACK
	-
	S3

	NACK, ACK
	-
	S6

	NACK, NACK
	NACK 
	S9


b) Method 2: The number of sequences allocated to the UE configured with 2-TB transmission is dynamically changed with the number of scheduled TB(s).

Method 1 will lead to the waste of PUCCH resource when 1 TB is scheduled. The motivation of Method 2 is to avoid this resource waste. However, how to support method 2 with low overhead should be considered:

· Option 1: Partial configured set(s) contain 4 sequences and the other set(s) contain 2 sequences. When 1 TB is scheduled, only the set containing 2 sequences is used by the UE. As shown in Table 2, Set 0 or Set 1 can be dynamically indicated to support 2-TB transmission, and Set 2 or Set 3 can be dynamically indicated to support 1-TB transmission.

Table 2: Sequence selection for option 1

	PUCCH resource index
	PUCCH resource

	0
	{S0, S3, S6, S9}

	1
	{S1, S4, S7, S10}

	2
	{S2, S5 }

	3
	{S8, S11 }


· Option 2: The number of sequences in each configured set is 4. The sequences in each set are divided into two subsets. In DCI, additional one bit is needed to indicate subset index for 1-TB transmission, as shown in Table 3. 

Table 3: Sequence selection for option 2

	PUCCH resource index 
	PUCCH resource
	The first subset
	The second subset

	0
	{S0, S3, S6, S9}
	{S0, S6}
	{S3, S9}

	1
	{S1, S4, S7, S10}
	{S1, S7}
	{S4, S10}

	2
	{S2, S5, S8, S11}
	{S2, S8}
	{S5, S11}

	3
	{S’0, S’3, S’6, S’9}
	{S’0, S’6}
	{S’3, S’9}


Note: Resource S and resource S’ are located on different PRBs
The above methods of PUCCH resource allocation should be further studied, considering singling overhead, UE multiplexing capacity, and scheduling flexibility.

Proposal 3: For the UE configured with 2-TB transmission, the following resource allocation can be considered for 1-symbol PUCCH with up to 2 UCI bits:

· Method 1: The number of sequences allocated to the UE configured with 2-TB transmission is always 4.

· Method 2: The number of sequences allocated to the UE configured with 2-TB transmission is dynamically changed with the number of scheduled TB(s).

4 Conclusions
In this contribution, we show our views on the open issues of 1-symbol PUCCH for up to 2 UCI bits with following proposals:
Proposal 1: To support simultaneous transmission of SR and 1-bit HARQ-ACK, all of the sequences configured for SR(s) in one symbol can be used for sequence selection.

Proposal 2: To support simultaneous transmission of SR and 2-bit HARQ-ACK, short-PUCCH for more than 2 bits should be used.
Proposal 3: For the UE configured with 2-TB transmission, the following resource allocation can be considered for 1-symbol PUCCH with up to 2 UCI bits:

· Method 1: The number of sequences allocated to the UE configured with 2-TB transmission is always 4.

· Method 2: The number of sequences allocated to the UE configured with 2-TB transmission is dynamically changed with the number of scheduled TB(s).
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