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1 Introduction

In RAN1#90, the following were agreed as a working assumption [1]: 

	Working assumptions:
· For 1-symbol short-PUCCH for UCI of more than 2 bits,

· DMRS REs are evenly distributed within a PRB

· FFS: Shifted mapping



In RAN1#90bis, the following were agreed [2]:

	Agreements:
· For short-PUCCH for UCI of more than 2 bits

· Only contiguous PRB allocation within a symbol is supported in release-15

· In addition to RRC configuration, the number of PRBs can be additionally determined based on the following:

· As a function of UCI payload size 

· Dynamic indication via DCI

· FFS the detailed determination method

· FFS the set of supported PRBs

Agreements:

· Simultaneous transmission of HARQ-ACK bits and CSI feedback with/without SR with PUCCH format 2 is supported by RRC configuration

· FFS details

· There is no additional RRC signaling involved in regarding how encoding is done for CSI/HARQ-ACK/SR

· Note that whether some UCI is dropped or not is not considered as part of the encoding in the above bullet




This contribution discusses remaining design aspects on 1-symbol PUCCH for UCI of more than 2 bits (referred to as PUCCH format 2), especially for the yellow parts shown above.
2 Remaining Design Aspects
DMRS shift
LTE downlink supports a frequency shift of CRS to avoid inter-cell interference because LTE CRS has to be always transmitted across the entire system bandwidth and this interference avoidance in LTE was essential. Unlike LTE CRS, however, it is rare that a same PUCCH format transmitted in the same resource is collided with ones transmitted from neighboring cells because PUCCH is not always transmitted. So, the benefit of a frequency shift for PUCCH DMRS is not obvious at the cost of more test cases. For same reason, PDCCH does not support shifted DMRS mapping.

Proposal 1: DMRS shifted mapping is not supported for PUCCH format 2.

MU-MIMO
It was argued that orthogonal MU-MIMO for PUCCH should be introduced in Rel-15 to increase UL capacity. For NR PDCCH, it has been agreed to support non-orthogonal MU-MIMO rather than orthogonal MU-MIMO. So, same principle as PDCCH discussion applies for PUCCH to reduce standardization work including minimizing test cases and non-orthogonal MU-MIMO can be supported for PUCCH format 2 by gNB implementation in Rel-15 (this aspect is applied for other PUCCH formats).
Proposal 2: In Rel-15, orthogonal MU-MIMO is not supported for PUCCH format 2.

Number of PRBs
It was agreed that the number of PRBs for PUCCH format 2 can be configured by RRC and from 1 PRB to 16 PRBs (the maximum value ‘16’ is currently FFS). So, one of remaining issues on the number of PRBs is what the maximum value could be, i.e., 16 PRBs or less than 16 PRBs. Maximum number of PRBs is dependent on the maximum UCI payload size supported by PUCCH format 2 and it should be decided by guaranteeing sufficiently low coding rate for various UCI payload size while keeping reasonable signaling overhead. We think that around 30 bits is reasonable for the maximum size of UCI payload bits and in this case, 8 PRBs would be sufficient because the effective coding rate to transmit 30 bits on 8 PRBs is around 1/5 as shown in the Appendix. Another issue is whether or not all values within the rage should be supported, e.g., 1, 2, 3, …, 15, 16. In order to reduce signaling overhead, we need to reduce the number of the set of supported PRBs, e.g., 1, 2, 4 and 8. 
Proposal 3: For PUCCH format 2, the set of supported PRBs is limited to {1, 2, 4, 8} as the following:

· For UCI payload size ≤ 2 bits, N ∈ {1, 2, 4, 8}
· For 3 bits ≤ UCI payload size ≤ 8 bits, N ∈ {2, 4, 8}
· For 9 bits ≤ UCI payload size ≤ 16 bits, N ∈ {4, 8}
· For 17 bits ≤ UCI payload size ≤ X bits, N = 8 where X is FFS but less than 30 bits. 

The other issue is how UE can determine the number of PRBs on top of RRC signaling by gNB. It was argued that the number of PRBs can be determined by an implicit way, i.e., based on a function of UCI payload size to minimize signaling overhead. However, in a given UCI payload (e.g., 8 bits), gNB needs to increase the PRB size for coverage extension. On the other hand, one can argue that RRC configures the set of supported PRBs and DCI can indicate one value within the set. It is doubtful to have such dynamics at the cost of DCI overhead.
Proposal 4: For PUCCH format 2, gNB configures the number of PRBs by UE-specific RRC signaling and implicit PRB determination is not supported.
UCI multiplexing
It was agreed in [2] that UE can simultaneously transmit HARQ-ACK and periodic/semi-persistent CSI report(s) with/without SR on PUCCH format 2 by RRC configuration. Also, the following was agreed in [2];

	Agreement:
· For L1-RSRP and/or beam resource indicators (e.g. CRI or SSB index) reporting for beam management, support the following UL channels: 

· Short/long PUCCH

· PUSCH

· Support the following reporting types for beam mgmt. on the above channels

· For Periodic, support long PUCCH and short PUCCH

· Semi-persistent – support all channels

· Aperiodic – support PUSCH and short PUCCH




According to the above, it should be discussed further whether or not periodic/semi-persistent/aperiodic L1-RSRP and/or beam resource indicators report(s) can be multiplexed with HARQ-ACK and/or periodic/semi-persistent CSI report(s) with/without SR on PUCCH format 2. Since there is no strong reason to have a separate PUCCH transmission only for beam related information, L1-RSRP and/or beam resource indicators report(s) should be able to be multiplexed with HARQ-ACK bits and/or CSI feedback with/without SR.
Proposal 5: For PUCCH format 2, simultaneous transmission of L1-RSRP and/or beam resource indicator report(s), HARQ-ACK bits, and CSI feedback with/without SR is supported by RRC configuration.
When the coding rate of combined UCIs exceeds the maximum coding rate supported by PUCCH format 2, some of UCIs need to be dropped based on a predefined rule. Similar to LTE, HARQ-ACK with/without SR can have the highest priority than other UCI types and the priority of beam related information such as L1-RSRP and/or beam resource indicators report(s) needs to be higher than CSI feedback because beam acquisition should be followed by CSI acquisition, i.e., gNB first decides a set of beams to schedule UE and CSI reporting needs to be performed based on the beams decided by the gNB.
Proposal 6: When multiple UCIs are transmitted on PUCCH format 2, the following prioritization rule is supported; HARQ-ACK with/without SR > L1-RSRP and/or beam resource indicators report(s) > CSI feedback.
Multiplexing with other PUCCH formats
From a single UE’s perspective, FDM of short PUCCH and PUSCH, and FDM of short PUCCH and long PUCCH have been agreed. However, with consideration of the urgent timeline to complete NR standardization, it was decided in [3] that simultaneous transmission of PUCCH and PUSCH is deprioritized in Rel-15. Similarly, FDM of short PUCCH and long PUCCH in a slot should be deprioritized because it gives an impact on UL power control such as power sharing between different PUCCH formats. If needed, only TDM of long PUCCH and short PUCCH is supported.

Proposal 7: FDM of PUCCH format 2 and other PUCCH formats in a slot is not supported in Rel-15.
SR transmission
It was agreed that PUCCH format 0 can transmit SR only, HARQ-ACK only or both HARQ-ACK and SR where SR is 1-bit information, e.g., ‘1’ is a positive SR and ‘0’ is a negative SR. On the other hand, it has not been discussed that for PUCCH format 2, how to multiplex SR information with other UCIs and how many bits are carried on SR.
In order to support various verticals, gNB can configure multiple SR resources. So, within a same slot or in a same symbol (but on different PRBs), there can be more than one SR resource associated with different verticals. It was already agreed that in case of SR due at the same time with other UCI, only one SR can be transmitted at any given time. However, one SR transmission in the agreement does not necessarily mean 1-bit SR. Assuming that the number of SR resources in a same slot/symbol is equal to K, at least ceil(log2(K+1)) bit(s) is needed to inform gNB whether SR is transmitted or not, and which SR is transmitted, i.e., which SR resource is used for actual SR transmission. Similar as LTE, multiple SR bits can be appended to the end of the UCI payload before encoding.
Proposal 8: In case of SR due at the same time with other UCI, ceil(log2 (K+1)) SR bits are appended to the end of the UCI payload before encoding if K SR resources is configured in the same slot/symbol.
3 Conclusion
This contribution has discussed remaining design aspects on PUCCH format 2 and we have proposed the following:
Proposal 1: DMRS shifted mapping is not supported for PUCCH format 2.

Proposal 2: In Rel-15, orthogonal MU-MIMO is not supported for PUCCH format 2.
Proposal 3: For PUCCH format 2, the set of supported PRBs is limited to {1, 2, 4, 8} as the following:

· For UCI payload size ≤ 2 bits, N ∈ {1, 2, 4, 8}
· For 3 bits ≤ UCI payload size ≤ 8 bits, N ∈ {2, 4, 8}
· For 9 bits ≤ UCI payload size ≤ 16 bits, N ∈ {4, 8}
· For 17 bits ≤ UCI payload size ≤ X bits, N = 8 where X is FFS but less than 30 bits. 

Proposal 4: For PUCCH format 2, gNB configures the number of PRBs by UE-specific RRC signaling and implicit PRB determination is not supported.

Proposal 5: For PUCCH format 2, simultaneous transmission of L1-RSRP and/or beam resource indicator report(s), HARQ-ACK bits, and CSI feedback with/without SR is supported by RRC configuration.
Proposal 6: When multiple UCIs are transmitted on PUCCH format 2, the following prioritization rule is supported; HARQ-ACK with/without SR > L1-RSRP and/or beam resource indicators report(s) > CSI feedback.
Proposal 7: FDM of PUCCH format 2 and other PUCCH formats in a slot is not supported in Rel-15.
Proposal 8: In case of SR due at the same time with other UCI, ceil(log2 (K+1)) SR bits are appended to the end of the UCI payload before encoding if K SR resources is configured in the same slot/symbol.
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Appendix: Evaluation on Number of PRBs

This section provides the required SNR at target BLER 1% for PUCCH format 1 depending on different numbers of RBs, using TDL-C channel model with different RMS delay spread, e.g., 30ns and 300ns.

Evaluation assumptions

4, 8, 12, 16, 20, 24, and 28 bits of UCI payload size are assumed. For the cases of 4 and 8 bits, LTE Reed Muller code is used and for the remaining cases, TBCC is used. DMRS REs are evenly distributed within a PRB. Other evaluation parameters are same as ones of Table 1 in the end of the Appendix.

Evaluation results

Figure 1 shows the required SINR at target BLER 1% for various number of PRBs. Assuming that 6 dB is the required SINR of PUCCH format 1, it is observed that for the cases of 4 and 8 bits, 2 PRBs are needed and for 12 and 16 bits, 4 PRBs are required. For the remaining cases, 8 PRBs are needed.
Observation: Assuming that 6 dB is the required SINR of PUCCH format 1, 2 PRBs for UCI of 4 and 8 bits, 4 PRBs for UCI of 12 and 16 bits, and 8 PRBs for UCI of 20, 24 and 28 bits are required.  
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(a) 30 ns RMS delay spread                                              (b) 300 ns RMS delay spread

Figure 1: Required SNR depending on different numbers of RBs
Table 1: Effective coding rates depending on different number of PRBs and UCI payload size

	PRBs
	UCI payload size [bits]: 3 – 11

	
	3
	4
	5
	6
	7
	8
	9
	10
	11

	2
	0.0938
	0.125
	0.1563
	0.1875
	0.2188
	0.25
	0.2813
	0.3125
	0.3438

	4
	0.0469
	0.0625
	0.0781
	0.0938
	0.1094
	0.125
	0.1406
	0.1563
	0.1719

	8
	0.0234
	0.0312
	0.0391
	0.0469
	0.0547
	0.0625
	0.0703
	0.0781
	0.0859


	PRBs
	UCI payload size [bits] 12 – 20

	
	12
	13
	14
	15
	16
	17
	18
	19
	20

	2
	0.375
	0.4063
	0.4375
	0.4688
	0.5
	0.5313
	0.5625
	0.5938
	0.625

	4
	0.1875
	0.2031
	0.2188
	0.2344
	0.25
	0.2656
	0.2813
	0.2969
	0.3125

	8
	0.0938
	0.1016
	0.1094
	0.1172
	0.125
	0.1328
	0.1406
	0.1484
	0.1563


	PRBs
	UCI payload size [bits]: 21 – 29

	
	21
	22
	23
	24
	25
	26
	27
	28
	29

	2
	0.6563
	0.6875
	0.7188
	0.75
	0.7813
	0.8125
	0.8438
	0.875
	0.9063

	4
	0.3281
	0.3438
	0.3594
	0.375
	0.3906
	0.4063
	0.4219
	0.4375
	0.4531

	8
	0.1641
	0.1719
	0.1797
	0.1875
	0.1953
	0.2031
	0.2109
	0.2188
	0.2266
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