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1 Introduction
In RAN1 #91bits, the design on short PUCCH was discussed with following agreements:
Agreements:
· For simultaneous transmission of 1 or 2 bits HARQ-ACK and SR using PUCCH format 0: 

· In case of negative SR, the same PUCCH resources as for HARQ-ACK only transmission are used.
· In case of positive SR, HARQ-ACK are transmitted on the PRB for HARQ-ACK only transmission.
· The mapping of ACK and NACK to cyclic shifts is based on the index of initial cyclic shift of the HARQ-ACK only (CSinitial) and a fixed mapping pattern as given in Table 1 and Table 2 below corresponding to 1 and 2 bits HARQ-ACK, respectively.
Table 1: Mapping pattern for 1-bit HARQ-ACK and positive SR

	HARQ-ACK
	NACK
	ACK

	Cyclic shift
	(CSintitial+3)mod12
	(CSintitial+9)mod12


Table 2: Mapping pattern for 2-bit HARQ-ACK and positive SR

	HARQ-ACK
	NACK, NACK
	NACK, ACK
	ACK, ACK
	ACK, NACK

	Cyclic shift
	(CSintitial+1)mod12
	(CSintitial+4)mod12
	(CSintitial+7)mod12
	(CSintitial+10)mod12


· Note: Maximum 12 SR per PRB can be configured with semi-static SR simultaneously.

· One PRB can support simultaneous transmission of 2-bit HARQ-ACK with SR only for one UE.

· The four remaining resources can be used for other purposes (e.g. 1-bit A/N with SR or 2-bit A/N only)

Agreements:

· When the transmission of HARQ-ACK bits with PUCCH format 2 or 3 or 4 coincides with a SR opportunity, a bit presenting the state of the SR being absent or present, is appended to the end of HARQ-ACK bits to form the UCI bits.

· FFS: How to distinguish which SR configuration is prioritized for transmission in case of multiple SR configurations in the same occasion.

· Note: when two transmissions coincide, it means they have same starting symbol and duration.

· FFS when PUCCH transmission of SR and HARQ-ACK bits partially overlap in time

In this contribution, we show our views on the open issues for short PUCCH.
2 Discussion
When short PUCCH is used to transmit HARQ-ACK, the following collision cases between HARQ-ACK and SR, as shown in Table 1, should be considered.

Table 1: FFS collision cases between HARQ-ACK and SR
	SR

HARQ-ACK
	PUCCH format 0
	PUCCH format 1

	
	1 symbol
	2 symbols
	

	PUCCH format 0
	1 symbol
	Sequence selection
	Case 1

	
	2 symbols
	· 
	

	PUCCH format 2
	1 symbol
	Joint coding
	Case 3
	Case 5

	
	2 symbols
	Case 2
	· Fully overlap: Joint coding
· Partially overlap: Case 4
	


· Case 1:  PF1 is semi-statically configured for SR, and PF0 is indicated for HARQ-ACK.

For case 1-1, a DL assignment is before a SR occasion, and the HARQ-ACK corresponding to the DL assignment coincides with the SR occasion, as shown in Figure 1. For this case, sequence selection is used, and multiple cyclic shifts are obtained on the PRB for HARQ-ACK only transmission, i.e. the same mechanism for simultaneous transmission of 1 or 2 bits HARQ-ACK and SR using PUCCH format 0 is used.
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Figure 1: Collision case 1-1
For case 1-2, a DL assignment and a SR occasion overlap in time, and the HARQ-ACK corresponding to the DL assignment coincides with the SR occasion, as shown in Figure 2. For this case, HARQ-ACK is obtained during the transmission of SR. Since time-domain OCC is used by PF1, the transmission of SR should not be changed. Therefore, case 1-2 should be avoided by gNB.
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Figure 2: Collision case 1-2
Proposal: For simultaneous transmission of 1 or 2 bits HARQ-ACK using PF0 and SR using PF1:

· When a DL assignment is before a SR occasion and the HARQ-ACK corresponding to the DL assignment coincides with the SR occasion, PF0 is used for simultaneous transmission of HARQ-ACK and SR, and multiple cyclic shifts are obtained on the PRB for HARQ-ACK only transmission.

· UE does not expect the case that a DL assignment and a SR occasion overlap in time and the HARQ-ACK corresponding to the DL assignment coincides with the SR occasion.
· Case 2: 1-symbol PF0 is semi-statically configured for SR, and 2-symbol PF2 is indicated to HARQ-ACK.
In our view, case 2 is a common scenario, i.e. a longer time-duration is indicated for multiple-bit HARQ-ACK, and a shorter time-duration is configured for SR. Furthermore, gNB cannot avoid such collision, when 2-symbol periodicity is configured to SR, as shown in Figure 3. 
For case 2-1, HARQ-ACK coincides with SR in the first PF2 symbol. Then, HARQ-ACK and SR can be jointly coded, and SR is appended to the end of HARQ-ACK bits to form the UCI bits.
For case 2-2, joint coding may be not applicable. As shown in Figure 3, 2-symbol periodicity is configured to SR, and HARQ-ACK coincides with SR in the second PF2 symbol. Since UE cannot know the data arriving during the time-duration of HARQ-ACK transmission, simultaneous transmission of HARQ-ACK and SR cannot be supported for this case, and only HARQ-ACK can be transmitted.
Observation: When 2-symbol PF2 is indicated to HARQ-ACK and 1-symbol PF0 is configured to SR, and HARQ-ACK coincides with SR in the second PF2 symbol, simultaneous transmission of HARQ-ACK and SR cannot be supported.
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Figure 3: Collision case 2
· Case 3: 2-symbol PF0 is semi-statically configured for SR, and 1-symbol PF2 is indicated to HARQ-ACK.

For this case, before HARQ-ACK transmission, the state of SR has been determined. Therefore, we propose that HARQ-ACK and SR are jointly coded and transmitted on PF2 for HARQ-ACK transmission.
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Figure 4: Collision case 3
· Case 4: 2-symbol PF0 is semi-statically configured for SR, and 2-symbol PF2 is indicated to HARQ-ACK. PF0 and PF2 partially overlap in time.
Generally, gNB scheduling can avoid collision case 4. On the other hand, if no scheduling limitation is defined in specification, HARQ-ACK and SR can be jointly coded and transmitted on PF2 for HARQ-ACK transmission.
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Figure 5: Collision case 4
· Case 5: PF1 is semi-statically configured for SR, and PF2 is indicated to HARQ-ACK.

The analysis for case 5 is very similar as case 1. When a DL assignment is before a SR occasion, and the HARQ-ACK corresponding to the DL assignment coincides with the SR occasion, as shown in Figure 1, HARQ-ACK and SR can be jointly coded and transmitted on PF2 for HARQ-ACK transmission. gNB should avoid the case that a DL assignment and a SR occasion overlap in time, and the HARQ-ACK corresponding to the DL assignment coincides with the SR occasion, as shown in Figure 2.
Proposal: For simultaneous transmission of HARQ-ACK using 2-symbol PF2 and SR using 1-symbol PF0,
· When HARQ-ACK coincides with SR in the second PF2 symbol, only HARQ-ACK is transmitted for 2-symbol SR periodicity;
· Otherwise, HARQ-ACK and SR are jointly ceded and transmitted on PF2 for HARQ-ACK transmission.
Proposal: For simultaneous transmission of HARQ-ACK using PF2 and SR using 2-symbol PF0, HARQ-ACK and SR are jointly ceded and transmitted on PF2 for HARQ-ACK transmission.
Proposal: For simultaneous transmission of HARQ-ACK using PF2 and SR using PF1, 
· When a DL assignment is before a SR occasion and the HARQ-ACK corresponding to the DL assignment coincides with the SR occasion, HARQ-ACK and SR are jointly ceded and transmitted on PF2 for HARQ-ACK transmission.

· UE does not expect the case that a DL assignment and a SR occasion overlap in time and the HARQ-ACK corresponding to the DL assignment coincides with the SR occasion.

Above proposals for simultaneous transmission of HARQ-ACK using short PUCCH and SR are summarized in Table 2.
3 Conclusions
In this contribution, we show our views on the open issues of short PUCCH with following proposal:
Proposal: Simultaneous transmission of HARQ-ACK using short PUCCH and SR are summarized in Table 2.
Table 2: Summary of simultaneous transmission of HARQ-ACK using short PUCCH and SR
	SR

HARQ-ACK
	PUCCH format 0
	PUCCH format 1

	
	1 symbol
	2 symbols
	

	PUCCH format 0
	Sequence selection
	· A DL assignment is before a SR occasion and the HARQ-ACK corresponding to the DL assignment coincides with the SR occasion: sequence selection
· Do not support the case that a DL assignment and a SR occasion overlap in time and the HARQ-ACK corresponding to the DL assignment coincides with the SR occasion

	PUCCH format 2
	1 symbol
	Joint coding
	Joint coding
	· A DL assignment is before a SR occasion and the HARQ-ACK corresponding to the DL assignment coincides with the SR occasion: Joint coding
· Do not support the case that a DL assignment and a SR occasion overlap in time and the HARQ-ACK corresponding to the DL assignment coincides with the SR occasion

	
	2 symbols
	· Collision on the first PF2 symbol: Joint coding
· Collision on the second PF2 symbol: Only HARQ-ACK is transmitted
	Joint coding
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