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1 Introduction
In RAN1 #90bis, short-PUCCH for up to 2 bits was discussed with following agreements:
Agreements:

· For HARQ-ACK transmission using short PUCCH for up to 2 bits

· In case of 1-bit HARQ-ACK only: 

· The distance between the two cyclic shifts within a PRB is 6

· In case of 2-bit HARQ-ACK only

· The distance between any two adjacent cyclic shifts within a PRB is 3 

· In case of 1-bit HARQ-ACK & SR (positive or negative)

· FFS

· In case of 2-bit HARQ-ACK & SR (positive or negative)

· FFS
Agreements:

· In case of SR due at the same time with other UCI, the physical layer can only transmit one SR at any given time

· If multiple SR are triggered prioritization of which SR should be transmitted is decided by RAN2

In this contribution, we show our views on the open issues of short PUCCH for up to 2 UCI bits.
2 Mapping of ACK and NACK to cyclic shift

For HARQ-ACK only transmission, multiple sequences are allocated on one PRB, and the distance between the adjacent cyclic shifts is fixed as 6 or 3. If the adjacent cyclic shifts are allocated to the same ACK/NACK state for different UEs, considering the probability of ACK per TB is 0.9, the probability that all of the three UEs simultaneously transmit “ACK, ACK”, using cyclic shift #0, #1 and #2 is high, as shown in Figure 1. The detection performance loss caused by the interference from different UEs can be expected.
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Figure 1: Adjacent cyclic shifts are allocated to the same ACK/NACK state for different UEs (P is the transmission probability)
In order to avoid above problem, the adjacent cyclic shifts should be allocated to different ACK/NACK states for different UEs. 
A recommended method is that the mapping of ACK and NACK to cyclic shift is based on the configured index of initial cyclic shift and a fixed mapping pattern. Examples are shown in Table 1 and 2, where 
[image: image2.wmf]inital

C

is the index of initial cyclic shift and the value range for the index of initial cyclic shift should be 0~11. Figure 1 shows the allocation of cyclic shifts based on Table 2. The indexes of initial cyclic shifts for UE 1~3 are 0, 4 and 8 separately. 
Proposal 1: The mapping of ACK and NACK to cyclic shift is based on the index of initial cyclic shift and a fixed mapping pattern.
· The value range for the index of initial cyclic shift should be 0~11.
Table 1: Mapping pattern for 1-bit HARQ-ACK

	
	ACK
	NACK

	Cyclic shift
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Table 2: Mapping pattern for 2-bit HARQ-ACK
	
	ACK, ACK
	ACK, NACK
	NACK, NACK
	NACK, ACK

	Cyclic shift
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Figure 2: Adjacent cyclic shifts are allocated to the different ACK/NACK states for different UEs (P is the transmission probability)
3 Simultaneous transmission of SR and up to 2 HARQ-ACK bits
Since PUCCH resource for SR is semi-statically configured, to avoid unnecessary PUCCH overhead, additional PUCCH resource allocated on SR PRB to support simultaneous transmission of SR and up to 2 HARQ-ACK bits is not recommended.
For simultaneous transmission of SR and 1-bit or 2-bit HARQ-ACK, the following methods can be considered:

a) Option 1: 4/8 cyclic shifts are allocated on one PRB. One example of simultaneous transmission of SR and 2-bit HARQ-ACK is shown in Table 3, UE determines 8 sequences based on the configured index of initial cyclic shift by DL grant and a fixed mapping pattern.
Table 3: Determination of 8 sequences on one PRB 
	
	ACK, ACK
	ACK, NACK
	NACK, NACK
	NACK, ACK

	Cyclic shift
	positive SR
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	negative SR
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b) Option 2: 4/8 cyclic shifts are allocated on two PRBs. The used PRB is selected based on the state of SR. One example of simultaneous transmission of SR and 2-bit HARQ-ACK is shown in Table 4, the index of first PRB is indicated by DL grant, the index of another PRB can be calculated based the index of first PRB and a predefined offset. Then, UE determines 4 sequences based on the configured index of initial cyclic shift per PRB and a fixed mapping pattern. 
Table 4: Determination of 8 sequences on two PRBs
	
	ACK, ACK
	ACK, NACK
	NACK, NACK
	NACK, ACK

	Cyclic shift
	positive SR on PRB #n
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	negative SR on PRB #n+Δ
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The overheads of option 1 and 2 are same, however better detection performance can be expected by option 2. Therefore, option 2 should be used for simultaneous transmission of SR and 2-bit HARQ-ACK. 
Proposal 2: RB selection should be used to support simultaneous transmission of SR and up to 2 HARQ-ACK bits.
· The index of second PRB is calculated based the index of first PRB and a predefined offset.

· UE determines 2/4 cyclic shifts, based on the configured index of initial cyclic shift and a fixed mapping pattern, per PRB.
4 Conclusions
In this contribution, we show our views on the open issues of short PUCCH for up to 2 UCI bits with following proposals:
Proposal 1: The mapping of ACK and NACK to cyclic shift is based on the index of initial cyclic shift and a fixed mapping pattern.
· The value range for the index of initial cyclic shift should be 0~11.
Proposal 2: RB selection should be used to support simultaneous transmission of SR and up to 2 HARQ-ACK bits.

· The index of second PRB is calculated based the index of first PRB and a predefined offset.

· UE determines 2/4 cyclic shifts, based on the configured index of initial cyclic shift and a fixed mapping pattern, per PRB.
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