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1 Introduction
NR shall support transmission of uplink control information (UCI) in a PUCCH format of short duration. In previous RAN1 meetings [1] [2], different schemes for the short PUCCH duration were extensively discussed and evaluated based on the agreement below:

Agreements:
· For 1-symbol PUCCH without SR with 1 or 2 bit(s) UCI payload size, RAN1 will select one from the following options.

· Option 1: RS and UCI are multiplexed by FDM manner in the OFDM symbol

· UCI can be sequence

· FFS: low PAPR design is applied

· Option 4: Sequence selection with low PAPR

· FFS following cases:

· If SR only

· If with SR + other UCI;
· This does not imply the necessity of special SR design 
· FFS whether the design may or may not depend on the frequency range

At RAN1 #NR_AH2 meeting the following agreement was reached to finalize the short PUCCH format [3]
Agreements:
· Working assumption:
· For short-PUCCH with UCI of up to 2 bits (with/without SR), option 4 is supported.

· No more short-PUCCH format is supported for short-PUCCH in the WID scope.
Regarding the number of HARQ-ACK bits corresponding to a PDSCH reception, the following agreement was made at the last meeting [3]:
Agreements:

· NR supports higher layer signalling for the maximum number of MCS/RV/NDI in DCI for PDSCH

· FFS HARQ ID 

· Unless indicated otherwise, UE assumes single MCS/RV/NDI in DCI, i.e. up to four MIMO layers

· NR supports higher layer signalling for the maximum number of CQIs in UCI

· Unless indicated otherwise, UE assumes single CQI in UCI, i.e. up to four MIMO layers in RI report

· FFS subband CQI

· FFS Whether or not the actual number of CQIs is also RI dependent

· Note: This higher layer signalling can be the other signalling related to RI/PMI reporting (e.g. RI restriction)

· FFS applicability on single/multi TRP
In this contribution, we discuss some of these outstanding aspects of the 1-symbol PUCCH format with 1 or 2 bits UCI.
2 Discussion
The number of used RBs

The sequence selection with low PAPR is supported as the structure of short PUCCH format with up to 2bits UCI. A remaining issue is how many RBs could be configured for short PUCCH with up to 2bits UCI which is related to the length of the used sequence.
If increase the length of used sequence by configuring more PRBs allocation, more RB resource can increase spreading gain but longer sequence also suffers from frequency selectivity of the channel. Apart from using up more resources, the coverage also reduces with increasing number of PRBs. So it should be considered to limit the number of used RBs for short PUCCH with sequence selection.
Proposal 1: The number of configured RBs for short PUCCH transmission with up to 2bits UCI should be limited.
The distributed PRBs allocations
For 1-symbol PUCCH with up to 2bits UCI, the distributed PRB allocation could obtain frequency diversity gain, but the PAPR could be increased. Some solutions could be considered to alleviate the increased PAPR. One solution is to find the best-pair sequences as discussed in [4]. Assume there are two non-contiguous PRBs configured, if these two PRBs use different cyclic shifts, the PAPR/CM could be reduced. Some evaluations are shown in Table 1 in case of 2bit UCI. It shows the CM results by selecting either the same subset or disjoint subsets of the available cyclic shifts for a length-12 sequence for each of the two PRBs. This is compared against the CM of 2 contiguous RBs with length-24 sequence. It can be seen from the Table 1 that select disjoint subsets of cyclic shifts can reduce the CM for the distributed mapping case compared to using the same set of cyclic shifts for each of the distributed RBs.
Observation 1:  Using optimally selected subsets of the available cyclic shifts in non-contiguous PRBs allocation could reduce PAPR/CM.
Proposal 2: Non-contiguous PRB allocations for 1-symbol PUCCH with up to 2bits UCI should be supported with using optimally selected subsets of the available cyclic shifts. 
Table 1: the CM value of sequence selection
	Case, assume 2bit HARQ-ACK
	CM value (dB)

	2 contiguous RBs, 1 sequence with length 24

CS={0,3,6,9}
	0.8128

	2 non-contiguous RBs (98 RB gap), 2 sequences with length 12,

CSseq1= CSseq2={0, 3,6,9}, 
	3.6105

	2 non-contiguous RBs (98 RB gap), 2 sequences with length 12

CSseq1={0, 3,6,9}, CSseq2={1, 4,7,10}
	1.82653


SR and HARQ-ACK transmission
The sequence-based short PUCCH format can be used to transmit SR-only or SR + 1 HARQ-ACK bit. A straightforward way for 1bit SR transmission is using OOK mechanism by semi-statically configuring a PUCCH resource (cyclic shift) for one UE to transmit positive SR (if negative, no transmission). The gNB can decide whether there is positive SR in SR instance by performing DTX detection on the SR resource.
When 1bit SR is transmitted with 1bit HARQ-ACK, it requires at least 3 resources (cyclic shift) as shown in Table 2. The resource for SR only transmission could be used for NACK/DTX + positive SR transmission. For ACK+SR transmission, two other cyclic shifts would be indicated by the DCI scheduling the corresponding DL assignment. For negative SR+NACK/DTX, it is not configured any resources and is not transmitted. 
Table 2: 1bit SR+ 1bit HARQ-ACK transmission
	UCI state
	Used resource (cyclic shift)

	ACK + positive SR
	Cyclic shift 1 from DCI

	ACK + negative SR
	Cyclic shift 2 from DCI

	NACK/DTX + positive SR
	Cyclic shift 0 for SR

	NACK/DTX + negative SR
	No transmission


For the case of 1bit SR and 2bit HARQ-ACK transmission, it was agreed that for more than 2bits UCI, FDM multiplexing of UCI and RS should be used with channel coding. So, in this case, 1bit SR and 2bit HARQ-ACK are jointly coded using  RM coding, as the PUCCH structure with more than 2bits UCI. Rather than OOK, negative SR is explicitly transmitted with joint coding.
Proposal 3: For 1bit SR with 1bit HARQ-ACK transmission, 3 sequences derived from cyclic shifts of a base sequence can be used as shown in Table 2.
Proposal 4: For 1bit SR with 2bits HARQ-ACK transmission, SR and HARQ-ACK are jointly encoded and multiplexed with RS.
If the number of codewords is not configured by higher layers, a UE assumes that at most 1CW (up to 4 layers) is transmitted. Thus, multiplexing of at most 2 UCI bits is the typical case when SR is multiplexed with HARQ-ACK on short PUCCH. If a UE is configured for 2 CWs, then depending on the rank of the channel, 1 or 2 CWs may be scheduled by DCI. If 2 CWs are scheduled the DCI should also indicate a HARQ-ACK resource for transmitting more than 2 UCI bits in an SR occasion. Then joint coding is used to encode HARQ-ACK and SR bits. On the other hand if the DCI schedules 1 CW even when up to 2 CWs are possible, the DCI can indicate a PUCCH resource for up to 2 UCI bits (sequence based). 
Alternatively, in order to avoid dynamic switching of PUCCH formats depending on dynamic scheduling of 1 or 2 CWs in a given DCI, the DCI can always indicate a PUCCH resource for more than 2 UCI bits and for the CW that is not scheduled the UE generates a NACK.
Proposal 5: If a UE is configured by higher layer signaling to receive PDSCH with more than one codeword, it should be considered whether to support dynamic switching of PUCCH formats depending on the number of scheduled codewords when HARQ-ACK collides with an SR occasion or to always use a single unified PUCCH format based on joint coding.
3 Conclusions
In this contribution we mainly discuss the remaining aspects for the short PUCCH with up to two bits payload. We have the following observation and proposals:
Observation 1:  Using optimally selected subsets of the available cyclic shifts in non-contiguous PRBs allocation could reduce PAPR/CM.
Proposal 1: The number of configured RBs for short PUCCH transmission with up to 2bits UCI should be limited.
Proposal 2: Non-contiguous PRB allocations for 1-symbol PUCCH with up to 2bits UCI should be supported with using optimally selected subsets of the available cyclic shifts. 
Proposal 3: For 1bit SR with 1bit HARQ-ACK transmission, 3 sequences derived from cyclic shifts of a base sequence can be used as shown in Table 2.
Table 2: 1bit SR+ 1bit HARQ-ACK transmission
	UCI state
	Used resource (cyclic shift)

	ACK + positive SR
	Cyclic shift 1 from DCI

	ACK + negative SR
	Cyclic shift 2 from DCI

	NACK/DTX + positive SR
	Cyclic shift 0 for SR

	NACK/DTX + negative SR
	No transmission


Proposal 4: For 1bit SR with 2bits HARQ-ACK transmission, SR and HARQ-ACK are jointly encoded and multiplexed with RS.
Proposal 5: If a UE is configured by higher layer signaling to receive PDSCH with more than one codeword, it should be considered whether to support dynamic switching of PUCCH formats depending on the number of scheduled codewords when HARQ-ACK collides with an SR occasion or to always use a single unified PUCCH format based on joint coding.
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