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1 Introduction

In RAN1 #90bis, the following were agreed [1]: 

	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 addition to the already agreed short PUCCH resources in the last and second last symbols, additional short PUCCH resources can be configured in other symbols of a slot 

· FFS whether or not such a configuration is conditioned on non-slot based operation 

Agreements:

· For short PUCCH for up to 2 UCI bits, the base sequence can be hopped for transmission of PUCCH in different slots

· The base sequence hopping can be enabled or disabled by cell-specific RRC parameters via RMSI.

· Hopping pattern is at least based on a configurable ID
· FFS on details of the hopping pattern
· The ID has a bitwidth of [10] bits
· FFS on cyclic shift hopping
· No RRC signaling impact



This contribution discusses remaining design aspects on 1-symbol PUCCH for UCI of up to 2 bits (referred to as PUCCH format 0), especially for the yellow parts shown above.
2 Remaining Design Aspects
Multiplexing with SR

For PUCCH format 0 using 1 PRB, 1-bit HARQ-ACK can be transmitted with two different cyclic shift (CS) values, e.g., {0, 6} and 2-bit HARQ-ACK can be transmitted with four different CS values, e.g., {0, 3, 6, 9}. In case of SR transmission only, similar mechanism to LTE can be used, e.g., a positive SR is transmitted on the SR resource which can be a frequency resource or a cyclic shift value designated for SR transmission, and a negative SR is not transmitted (on/off keying).
Assuming that SR is transmitted in PRB #N and HARQ-ACK is transmitted in PRB #K, for multiplexing of 1- or 2-bit of HARQ-ACK with SR, there could be several alternatives as follows:

· Alt.1: As shown in Figure 1(a), HARQ-ACK is transmitted on PRB #N which is the resource designated for SR transmission (similar to LTE). Alt.1 decreases SR multiplexing capacity on SR resource because gNB does not know whether or not a UE transmits the positive SR and 4 CS values intended for HARQ-ACK transmission (2-bit case) always need to be reserved for the UE irrespective of whether the positive SR occurs. So, maximum 3 UEs can be multiplexed on the SR resource. Alt.1 requires 2 PRBs; one for SR transmission only or HARQ-ACK with a positive SR (PRB #N) and the other for HARQ-ACK only (PRB #K).
· Alt.2: Different from Alt.1, HARQ-ACK is transmitted on PRB #K which is the resource designated for HARQ-ACK transmission as shown in Figure 1(b). Similar to Alt.1, gNB does not know whether or not a UE transmits the positive SR and 8 CS values always need to be reserved for the UE irrespective of whether the positive SR occurs. So, HARQ-ACK multiplexing capacity on HARQ-ACK resource decreases. Alt.1 requires 2 PRBs; one for SR transmission only (PRB #N) and the other for HARQ-ACK only or HARQ-ACK with a positive SR (PRB #K).
· Alt.3: As shown in Figure 1(c), additional PRB (e.g., PRB#L) is used for HARQ-ACK transmission with a positive SR and different from Alt.1, SR multiplexing capacity on SR resource can be maintained. However, 3 PRBs (assuming that 1 PRB is used for each transmission) should be allocated to a UE and more frequency resource than Alt.1 is needed. However, considering the case of 2-UE multiplexing, the number of required frequency resource for Alt.3 is same as one for Alt.2.
· Alt.4: In last meeting, it was proposed by some companies to have a configurability between Alt.2 and Alt.3 depending on channel environment, i.e., if channel delay spread is small, then gNB can configure CS values as the resources for positive SR transmission (Alt.2). Otherwise, gNB can configure an additional PRB as the resource for positive SR transmission  (Alt.3). However, as shown in the Appendix, BLER performance of Alt.3 is always better or equal to one of Alt2 and Alt.2 has several drawbacks as mentioned earlier. So, there is no strong motivation to support the configurability between Alt.2 and Alt.3.
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(c) Alternative 3
Figure 1: Possible alternatives for multiplexing of HARQ-ACK and SR
Proposal 1: Support Alt. 3 for multiplexing of HARQ-ACK and SR in PUCCH format 0, e.g., additional frequency resource is allocated for simultaneous transmission of HARQ-ACK and positive SR.
Symbol location
The primary motivation for short PUCCH in NR is to support fast HARQ-ACK feedback for reducing RTT (round trip time). Therefore, a short PUCCH may not often exist, e.g., for UEs not capable or not requiring immediate HARQ-ACK feedback and it does not need to take much flexibility in Rel-15, i.e., the already agreed short PUCCH resources in the last and second last symbol are sufficient. So, short PUCCH transmission in other symbols of a slot should be conditioned on non-slot based operation in Rel-15.

Proposal 2: In Rel-15, short PUCCH transmission in other symbols than the last and second last symbols of a slot is conditioned on non-slot based operation.

Multiplexing with other sequences
It was agreed that further study for multiplexing b/w sequence-based short PUCCH and other sequences using CDM or FDM (DMRS for PUSCH/PUCCH, SRS, long-PUCCH) [2]. Short PUCCH has a limited coverage and if it is CDMed or FDMed with other sequences, then it’s coverage is more reduced. It is noted that simultaneous transmission of PUSCH and PUCCH is not supported and no FDM between SRS and short PUCCH is supported. So, we propose that multiplexing between PUCCH format 0 and other sequences using CDM or FDM is not specified in Rel-15. 
Proposal 3: CDM or FDM based multiplexing between PUCCH format 0 and other sequences is not specified in Rel-15.

Priority handling between different PUCCH formats 
In general, when the transmission occasions of different UCIs are the same, these UCIs can be multiplexed within a given PUCCH format. However, these occasions of multiple UCIs cannot be well-aligned but be partially overlapped. For example, when P-CSI (periodic CSI) is transmitted on long PUCCH with 14-symbol duration in slot n, URLLC traffic can be occurred at UE side and SR transmission is required for the URLLC by using short PUCCH in symbol #2 of slot n (assuming that gNB configures PUCCH format 0 with 2-symbol periodicity). Then, either short PUCCH or long PUCCH should be dropped based on a predefined rule. Similar to LTE, HARQ-ACK with/without SR has the highest priority than CSI, and HARQ-ACK may have the same priority as SR. On top of that, it is reasonable to prioritize short PUCCH transmission over long PUCCH transmission, considering the short PUCCH is more likely to serve the delay-critical traffic than long PUCCH. 

Proposal 4: In case that short PUCCH formats (i.e., PUCCH formats 0/2) overlaps with long PUCCH formats (i.e., PUCCH formats 1/3/4), the following prioritization rule is supported: 
· If different UCI types are transmitted on short PUCCH and long PUCCH, HARQ-ACK = SR > L1-RSRP and/or beam resource indicators report(s) > CSI feedback
· If same UCI type is transmitted on short PUCCH and long PUCCH, short PUCCH > long PUCCH

Sequence hopping
Details on base sequence hopping and cyclic shift hopping will be discussed in [3].
3 Conclusion
This contribution has discussed remaining design aspects on PUCCH format 0 and we have proposed the following:
Proposal 1: Support Alt. 3 for multiplexing of HARQ-ACK and SR in PUCCH format 0, e.g., additional frequency resource is allocated for simultaneous transmission of HARQ-ACK and positive SR.

Proposal 2: In Rel-15, short PUCCH transmission in other symbols than the last and second last symbols of a slot is conditioned on non-slot based operation.
Proposal 3: CDM or FDM multiplexing between PUCCH format 0 and other sequences is not specified in Rel-15.

Proposal 4: In case that short PUCCH formats (i.e., PUCCH formats 0/2) overlaps with long PUCCH formats (i.e., PUCCH formats 1/3/4), the following prioritization rule is supported: 

· If different UCI types are transmitted on short PUCCH and long PUCCH, HARQ-ACK = SR > L1-RSRP and/or beam resource indicators report(s) > CSI feedback
· If same UCI type is transmitted on short PUCCH and long PUCCH, short PUCCH > long PUCCH
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Appendix: Performance Evaluation
Evaluation assumptions
2-bit UCI payload size and one PRB are evaluated over TDL-C channel model with different RMS delay spread, e.g., 30ns and 300ns. 15 kHz and 60 kHz SCSs are evaluated. Other evaluation parameters are shown in Table 1 in the end of the Appendix.
Evaluation results
Figure 2 shows the error rate of PUCCH format 0 using 15 kHz SCS for the TDL-C with 30ns and 300ns RMS delay spread. It is observed that Alt.2 and Alt.3 have same performance.
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(a) 30 ns RMS delay spread                                               (b) 300 ns RMS delay spread
Figure 2: Error rate for PUCCH format 0 using 15 kHz SCS

Figure 3 shows the error rate of PUCCH format 0 using 60 kHz SCS for the TDL-C with 30ns and 300ns RMS delay spread. For 30 ns RMS delay spread, Alt.2 and Alt.3 have same performance as shown in Figure 3(a) but for 300 ns RMS delay spread, Alt.3 has better performance than Alt.2 for the error cases of ACK-to-NACK and NACK-to-ACK.
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(a) 30 ns RMS delay spread                                               (b) 300 ns RMS delay spread
Figure 3: Error rate for PUCCH format 0 using 60 kHz SCS

Observation: The BLER of Alt.3 is always better than or equal to one of Alt.2.
Table 1: Evaluation parameters

	Parameters
	Values

	PUCCH resources
	One PRB

	UCI payload size
	2 bits

	Mobility
	3 km/h

	Carrier frequency
	4 GHz

	Subcarrier spacing
	15 kHz, 60 kHz

	FFT size
	2048 for 15 kHz SCS and 512 for 60 kHz SCS

	CP length
	144∙TS for 15 kHz SCS and 36∙TS for 60 kHz SCS

	Antenna Configuration
	1 Tx – 2 Rx
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