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Introduction
In the RAN1#91 meeting, the following agreements on NR short PUCCH were reached [1]. 
	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 present several change requests related to short PUCCH in the form of ‘Text Proposal’, based on the latest specification [2]. Simultaneous transmission of HARQ-ACK and SR is also discussed. 
Change requests for TS 38.211
[bookmark: _Toc500952637]Low-PAPR sequence generation


In Section 5.2.2, a variable  is introduced but always regarded as zero in the definition of sequence. Also, the parameter  is missed when describing the base sequence in each group. Therefore, we propose to simplify the definition which is also the same as LTE, by the following changes:  
-----------------------------------Text Proposal for Section 5.2.2 in TS 38.211 ------------------------
	


The sequence  is defined by a cyclic shift  of a base sequence  according to 





where  is the length of the sequence and . Multiple sequences are defined from a single base sequence through different values of  and . The quantity .







Base sequences  are divided into groups, where  is the group number and  is the base sequence number within the group, such that each group contains one base sequence () of each length  ,  ,  and two base sequences () of each length  ,  , . The definition of the base sequence  depends on the sequence length.


Sequence grouping for length-12 sequence
In the RAN1 #90bis meeting, the sequences as shown in Table-1 are adopted as the set of length-12 base sequences for short PUCCH for up to 2 bits and DM-RS for long PUCCH for UCI of up to 2 bits. 
After email discussion [91-NR-12] of post RAN1 #91 meeting, it concluded that:
Agreement 5:
Discuss further the re-ordering of the CGS for DFT-S-OFDM after the Rel-15 Dec. specifications.
 
In the usage of the new length-12 sequences, it will be allocated into a sequence group with other lengths of sequences. The correlation among different groups should be minimized as much as possible. Thus, sequences with high cross correlation for different lengths shall be grouped into the same sequence group. 
Proposal 1: Sequences of different lengths with high cross correlation shall be grouped into the same sequence group. 
Based on the sequence index of the new NR length-12 sequences, the number of sequences pair with cross correlation higher than 0.8 among different lengths of sequences between different groups is shown Table-2.
Table-2: Number of sequences pair with cross correlation higher than 0.8.
[image: ]
From Table-2 we can find that the sequences with different lengths from the same sequence group will have high cross correlation. In order to mitigate the inter-cell interference, sequence grouping for the new length-12 sequences should be supported together with grouping function of sequences >= 3 PRBs. Therefore, we can re-allocate the new length-12 sequences into sequence groups based on the cross correlation among different lengths. Table 5.2.2.2.2-2 shows the new length-12 sequences after re-grouping and Table-3 shows the number of sequences pair with cross correlation higher than 0.8 for different lengths of sequences based the group index by Table 5.2.2.2-2. 
Table-3: Number of sequences pair with cross correlation higher than 0.8 after re-grouping of length-12 sequences.
[image: ]



Table-1 : Definition of  for.
	

	


	0
	1
	-1
	3
	1
	1
	-1
	-1
	-1
	1
	3
	-3
	1

	1
	-1
	-1
	-1
	-1
	1
	-3
	-1
	3
	3
	-1
	-3
	1

	2
	-3
	1
	-3
	-3
	-3
	3
	-3
	-1
	1
	1
	1
	-3

	3
	-3
	3
	1
	3
	-3
	1
	1
	1
	1
	3
	-3
	3

	4
	-3
	1
	3
	-1
	-1
	-3
	-3
	-1
	-1
	3
	1
	-3

	5
	-1
	1
	1
	-1
	1
	3
	3
	-1
	-1
	-3
	1
	-3

	6
	-3
	-3
	-1
	3
	3
	3
	-3
	3
	-3
	1
	-1
	-3

	7
	-3
	3
	-3
	3
	3
	-3
	-1
	-1
	3
	3
	1
	-3

	8
	-3
	-1
	-3
	-1
	-1
	-3
	3
	3
	-1
	-1
	1
	-3

	9
	-3
	3
	3
	3
	-1
	-3
	-3
	-1
	-3
	1
	3
	-3

	10
	1
	3
	-3
	1
	3
	3
	3
	1
	-1
	1
	-1
	3

	11
	-1
	-3
	3
	-1
	-3
	-3
	-3
	-1
	1
	-1
	1
	-3

	12
	3
	1
	3
	1
	3
	-3
	-1
	1
	3
	1
	-1
	-3

	13
	-3
	-3
	3
	3
	3
	-3
	-1
	1
	-3
	3
	1
	-3

	14
	-3
	-1
	1
	-3
	1
	3
	3
	3
	-1
	-3
	3
	3

	15
	-3
	-3
	3
	1
	-3
	-3
	-3
	-1
	3
	-1
	1
	3

	16
	-1
	1
	3
	-3
	1
	-1
	1
	-1
	-1
	-3
	1
	-1

	17
	-3
	-1
	-1
	1
	3
	1
	1
	-1
	1
	-1
	-3
	1

	18
	-3
	-1
	3
	-3
	-3
	-1
	-3
	1
	-1
	-3
	3
	3

	19
	-3
	-3
	3
	-3
	-1
	3
	3
	3
	-1
	-3
	1
	-3

	20
	-3
	1
	-1
	-1
	3
	3
	-3
	-1
	-1
	-3
	-1
	-3

	21
	-3
	1
	3
	3
	-1
	-1
	-3
	3
	3
	-3
	3
	-3

	22
	-3
	-1
	-1
	-3
	-3
	-1
	-3
	3
	1
	3
	-1
	-3

	23
	-3
	-1
	3
	1
	-3
	-1
	-3
	3
	1
	3
	3
	1

	24
	-3
	3
	3
	1
	-3
	3
	-1
	1
	3
	-3
	3
	-3

	25
	3
	-1
	-3
	3
	-3
	-1
	3
	3
	3
	-3
	-1
	-3

	26
	1
	-1
	3
	-1
	-1
	-1
	-3
	-1
	1
	1
	1
	-3

	27
	-3
	3
	1
	-3
	1
	3
	-1
	-1
	1
	3
	3
	3

	28
	-3
	3
	-3
	3
	-3
	-3
	3
	-1
	-1
	1
	3
	-3

	29
	-3
	3
	1
	-1
	3
	3
	-3
	1
	-1
	1
	-1
	1




-------------------------------------Text Proposal for Section 5.2.2.2	in TS 38.211---------------------


Table 5.2.2.2-2: Definition of  for.
	

	


	0
	-3
	3
	1
	-1
	3
	3
	-3
	1
	-1
	1
	-1
	1

	1
	-3
	3
	1
	-3
	1
	3
	-1
	-1
	1
	3
	3
	3

	2
	-3
	3
	3
	1
	-3
	3
	-1
	1
	3
	-3
	3
	-3

	3
	-3
	3
	1
	3
	-3
	1
	1
	1
	1
	3
	-3
	3

	4
	-1
	-3
	3
	-1
	-3
	-3
	-3
	-1
	1
	-1
	1
	-3

	5
	-3
	-3
	3
	1
	-3
	-3
	-3
	-1
	3
	-1
	1
	3

	6
	1
	-1
	3
	-1
	-1
	-1
	-3
	-1
	1
	1
	1
	-3

	7
	-3
	-1
	-1
	1
	3
	1
	1
	-1
	1
	-1
	-3
	1

	8
	-3
	-1
	-1
	-3
	-3
	-1
	-3
	3
	1
	3
	-1
	-3

	9
	-1
	1
	1
	-1
	1
	3
	3
	-1
	-1
	-3
	1
	-3

	10
	-3
	1
	-1
	-1
	3
	3
	-3
	-1
	-1
	-3
	-1
	-3

	11
	-3
	-3
	3
	-3
	-1
	3
	3
	3
	-1
	-3
	1
	-3

	12
	1
	-1
	3
	1
	1
	-1
	-1
	-1
	1
	3
	-3
	1

	13
	-3
	-1
	3
	-3
	-3
	-1
	-3
	1
	-1
	-3
	3
	3

	14
	3
	1
	3
	1
	3
	-3
	-1
	1
	3
	1
	-1
	-3

	15
	-3
	1
	3
	-1
	-1
	-3
	-3
	-1
	-1
	3
	1
	-3

	16
	-1
	-1
	-1
	-1
	1
	-3
	-1
	3
	3
	-1
	-3
	1

	17
	-1
	1
	3
	-3
	1
	-1
	1
	-1
	-1
	-3
	1
	-1

	18
	-3
	1
	3
	3
	-1
	-1
	-3
	3
	3
	-3
	3
	-3

	19
	-3
	-1
	-3
	-1
	-1
	-3
	3
	3
	-1
	-1
	1
	-3

	20
	-3
	-3
	-1
	3
	3
	3
	-3
	3
	-3
	1
	-1
	-3

	21
	-3
	-1
	3
	1
	-3
	-1
	-3
	3
	1
	3
	3
	1

	22
	-3
	3
	3
	3
	-1
	-3
	-3
	-1
	-3
	1
	3
	-3

	23
	3
	-1
	-3
	3
	-3
	-1
	3
	3
	3
	-3
	-1
	-3

	24
	-3
	-1
	1
	-3
	1
	3
	3
	3
	-1
	-3
	3
	3

	25
	1
	3
	-3
	1
	3
	3
	3
	1
	-1
	1
	-1
	3

	26
	-3
	1
	-3
	-3
	-3
	3
	-3
	-1
	1
	1
	1
	-3

	27
	-3
	-3
	3
	3
	3
	-3
	-1
	1
	-3
	3
	1
	-3

	28
	-3
	3
	-3
	3
	3
	-3
	-1
	-1
	3
	3
	1
	-3

	29
	-3
	3
	-3
	3
	-3
	-3
	3
	-1
	-1
	1
	3
	-3



Discussion on simultaneous transmission of HARQ-ACK and SR
PUCCH transmission of SR and HARQ-ACK fully overlap in the time domain
For the simultaneous transmission of SR and HARQ-ACK in PUCCH format 0, a rapid decision was made in the RAN1#91 meeting. In the end, 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. 
[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 2: For the simultaneous transmission of SR and 2-bit HARQ-ACK in PUCCH format 0, adopt a complementary scheme,  
· 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.
PUCCH transmission of SR and HARQ-ACK partially overlap in the time domain
One remaining issue for simultaneous transmission of SR and HARQ-ACK in PUCCH is the UE behaviour when PUCCH transmission of SR and HARQ-ACK bits partially overlap in time. This problem exists for all PUCCH formats. An example is shown in Figure 2, where SR is configured in a long PUCCH, and HARQ-ACK is expected to be transmitted in a short PUCCH. The partial overlapping issue seems very hard to be avoided, otherwise a strong scheduling restriction is needed, e.g., SR in long PUCCH is not expected to be configured in the case shown in Figure 2.  
[image: ]
Figure 2 Partial overlap of SR and HARQ-ACK transmission 
However, there could be too many partial overlapping cases considering SR and HARQ-ACK could be carried on different PUCCH formats. Thus, the first step could begin with precluding some of the cases. For instance, PUCCH transmission of SR and HARQ-ACK bits shall fully overlap in the time domain, if both SR and HARQ-ACK are to be transmitted in a long PUCCH or in a short PUCCH. Then, only the following cases are included,
· SR is configured in a long PUCCH, and HARQ-ACK is in a short PUCCH
· SR is configured in a short PUCCH, and HARQ-ACK is in a long PUCCH
Proposal 3: For PUCCH transmission of SR and HARQ-ACK partially overlap in the time domain, only the following cases are considered. 
· SR is configured in a long PUCCH, and HARQ-ACK is in a short PUCCH
· SR is configured in a short PUCCH, and HARQ-ACK is in a long PUCCH
Conclusion
In this contribution, several change requests related to short PUCCH are presented for TS 38.211. In addition, the following proposals are discussed.  
Proposal 1: Sequences of different lengths with high cross correlation shall be grouped into the same sequence group. 
[bookmark: _GoBack]Proposal 2: For the simultaneous transmission of SR and 2-bit HARQ-ACK in PUCCH format 0, adopt a complementary scheme,  
· 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.
Proposal 3: For PUCCH transmission of SR and HARQ-ACK partially overlap in the time domain, only the following cases are considered. 
· SR is configured in a long PUCCH, and HARQ-ACK is in a short PUCCH
· SR is configured in a short PUCCH, and HARQ-ACK is in a long PUCCH
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Appendix
Table A Simulation 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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