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Introduction
In the RAN plenary #78 meeting [1], it was approved that RAN1 shall further specify URLLC work for Rel-15 before June based on the scope defined in [2]. In this contribution, we mainly discuss short PUCCH enhancement for NR URLLC in case of simultaneous transmission of HARQ-ACK and SR.
Inthe RAN1#91meeting, the following agreements onNR short PUCCH were reached [3].
	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

	Cyclicshift
	(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

	Cyclicshift
	(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)



Simultaneous transmission of HARQ-ACK and SR
For the simultaneous transmission of SR and HARQ-ACK in PUCCH format 0, a decision was made in the RAN1#91 meeting to meet the Phase 1 timeline. In that context, it was agreed the four cyclic shifts for HARQ-ACK only and the four cyclic shifts for HARQ-ACK and positive SR are in one PRB, and one SR resource is separately configured to the UE for SR only transmission. The agreed scheme is illustrated as Alt 1 in Figure 1. 
However, always using 8 cyclic shifts in one PRB would be detrimental to the PUCCH performance, especially in case of a relatively large delay spread with a small SCS or a relatively small delay spread with a large SCS. This was proven in [3][4], and also verified by the simulation results for SR shown in the Appendix. On the other hand, URLLC UEs require an extremely high reliability e.g. 10-5 error probability. Therefore, an enhancement on PUCCH is crucial for URLLC. 
[image: ]
Figure 1 Simultaneous transmission of SR and 2-bit HARQ-ACK in PUCCH format 0
One simple remedy is to allocate one more PRB for transmission of HARQ-ACK and positive SR, as Alt 2 shown in Figure 1. This is crucial especially for URLLC UE. In order to align with what already on the table as much as possible, the additional PRB, denoting as PRB #j could be the same as the PRB configured for SR only. The cyclic shifts within PRB #j could be also implicitly indicated by the initial cyclic shift CSinitial configured for HARQ-ACK only. 
Given CSinitial is used for ‘NACK, NACK’ transmission, gNB could indicate a same CSinitial as the cyclic shift configured for SR only, as an implementation issue. Then, in such case one resource could be saved. Note, this also aligns with the rules defined in LTE, i.e., the modulation symbol of SR d(0)=1 is always the same as the modulation symbol for positive SR and ‘NACK’/’NACK,NACK’ in PUCCH format 1a/1b. 
Proposal 1: For the simultaneous transmission of SR and 2-bit HARQ-ACK in PUCCH format 0, adopt a complementary scheme for URLLC,  
· the PRB for transmission of HARQ-ACK and positive SR is the same as the PRB configured for SR only. 
· the cyclic shifts for transmission of HARQ-ACK and positive SR are implicitly indicated by the initial cyclic shift configured for HARQ-ACK only.
Conclusion
In this contribution, the enhancement of short PUCCH for URLLC is discussed and we have the following proposal: 
[bookmark: _GoBack]Proposal 1: For the simultaneous transmission of SR and 2-bit HARQ-ACK in PUCCH format 0, adopt a complementary scheme for URLLC,  
· the PRB for transmission of HARQ-ACK and positive SR is the same as the PRB configured for SR only. 
· the cyclic shifts for transmission of HARQ-ACK and positive SR are implicitly indicated by the initial cyclic shift configured for HARQ-ACK only.
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Appendix
Table ASimulation parameters for link-level simulation 
	Parameter
	Value

	Carrier frequency
	4 GHz

	Subcarrier spacing
	60/120 Khz

	System bandwidth
	40 MHz

	Number of symbol
	1 symbol

	Number of PRB
	1 PRB / 2 PRB 

	Channel model
	TDL-C, Delay Spread(DS)= 100ns ,300ns

	UE speed
	3km/h

	Antenna configuration
	1Tx(UE), 2 Rx(gNB)

	CP length
	Normal

	UCI bits
	2bits HARQ-ACK, SR

	Detection method
	Non-coherent detection



[image: ]
Figure A-1 SR performance in short PUCCH with simultaneous transmission of 2 bits HARQ-ACK
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