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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Following agreements were made on 1-symbol short-PUCCH for UCI of up to 2 bits in RAN1#90 [1] and RAN1.NR-AH#3 [2].
Agreements: (RAN1#90)
· For 1-symbol short-PUCCH for UCI of up to 2bits,
· The sequence length of 12 REs with consecutive mapping within a PRB is at least supported.
· Further study 24 or 48 REs
· Further study for multiplexing b/w sequence-based short-PUCCH and other sequences using CDM or FDM (DMRS for PUSCH/PUCCH, SRS, long-PUCCH).
· Including comb-structure
· For the sequence length of 12 REs,
· The supported number of base sequence is 30
· The number of cyclic shift available for one base sequence is 12.

Agreements: (RAN1 NR-AH#3)
· For simultaneous transmission of 2-bit HARQ-ACK and SR, short PUCCH for UCI of up to 2 bits is used.
· Aim to conclude one solution in the next meeting (e.g., # of sequences, potential resource selection, potential spatial bundling, etc.)
· Confirm the following working assumption:
· For short-PUCCH with UCI of up to 2 bits (with/without SR), option 4 is supported.
· Note: option 4 is sequence selection.

Conclusions: (RAN1 NR-AH#3)
· Study further the following alternatives:
· Alt.1: The same set of sequences is used in short PUCCH and long PUCCH when each is used for transmission of up to 2 UCI bits on one PRB.
· Alt.2: The different set of sequences can be used in short PUCCH and long PUCCH when each is used for transmission of up to 2 UCI bits on one PRB.

This contribution discusses remaining details of 1-symbol short-PUCCH for UCI of up to 2 bits. In Section 2, the sequence length is discussed considering inter-cell interference impact from neighbouring cells. In Section 3, mapping of ACK, NACK, and SR to PUCCH resource are discussed. Section 4 discusses multiplexing between sequence-based short-PUCCH and other sequences.
Note: This contribution is revised from R1-1716119 [3].
Sequence length
It was agreed that at least the sequence length of 12 REs with consecutive mapping within a PRB is supported, while the sequence length of 24 or 48 REs is FFS. Based our evaluation results in [3] that in high interference condition from neighboring cells, 1-symbol short-PUCCH with the sequence length of 12 REs within a PRB suffers performance degradation. Therefore, the mechanism to handle high interference condition for 1-symbol short-PUCCH should be necessary. One of solutions to mitigate inter-cell interference is to support larger sequence length such as 24 REs and/or 48 REs. We observed in [3] that to increase sequence length more than 12REs is effective for inter-cell interference mitigation. The other solution is to randomize the usage of time/frequency regions of short-PUCCH between neighbor cells/base stations while keeping the support of only the sequence length of 12 REs. In this case, the collision between short-PUCCHs could be avoided, but instead, the collision could be short-PUCCH and PUSCH or SRS in the same resource usage efficiency condition. 
In the following, we evaluated the impact of inter-cell interference on 1-symbol short-PUCCH taking above two solutions into account. The evaluation assumptions are summarized in Appendix A. On evaluation methodology, we evaluate following two cases.
· Case 1: The sequence length of L=12 REs within a PRB
· Case 1-1: The collision rate of time/frequency resource of short-PUCCH between neighbouring cells is 100%.
· Case 1-2: The collision rate of time/frequency resource of short-PUCCH between neighbouring cells is 50%.
· Case 1-3: The collision rate of time/frequency resource of short-PUCCH between neighbouring cells is 25%.
· Case 2: The sequence length of L=24 REs within 2 PRBs. The collision rate of time/frequency resource of short-PUCCH between neighbouring cells is 100%.
· Case 3: The sequence length of L=48 REs within 4 PRBs. The collision rate of time/frequency resource of short-PUCCH between neighbouring cells is 100%.
In the link level evaluation, when short-PUCCH between neighbouring cells is collided, 2 UEs (one is target UE and the other is interferer UE) transmit 1 or 2 bits HARQ-ACK. Interference from neighbour cell is modelled by interferer UE which uses the same time/frequency resource as target UE and different CG sequence from target UE. The usage of CG sequence is randomized per slot. When short-PUCCHs between neighbouring cells are not collided, target UE transmit 1 or 2 bits HARQ-ACK short PUCCH while the interferer UE transmits PUSCH or SRS. In this evaluation, the interference by PUSCH or SRS is modelled by white noise.
Table 1 shows the required SINR value for achieving the requirement of ACK-to-NACK/DTX error rate of 1% and NACK-to-ACK error rate of 0.1%. The detailed ACK-to-NACK/DTX error rate and NACK-to-ACK error rate are shown in Appendix A. Table 1 shows that the sequence length of 48 within 4 PRBs is effective for inter-cell interference mitigation and can achieve better required SINR compared to the sequence length of 12 and 24. Around 5 dB gain can be obtained in L=48 compared with L=12. The performance benefit of the sequence length of 48 within 4 PRBs is around 3 dB seen even in larger delay spread case such as DS=1000 ns. These gains are justified to have L=48 in addition to L=12 as we think good performance in interference limited condition is quite essential in NR as same as LTE.
Table 1 Required SINR
	Sequence length
	Collision rate
	Required SINR

	
	
	1 bit UCI
	2 bits UCI

	
	
	DS=300ns
	DS=1000ns
	DS=300ns
	DS=1000ns

	L=12 within a PRB
	100%
	8.0 dB
	8.5 dB
	8.7 dB
	9.5 dB

	
	50%
	6.3 dB
	7.3 dB
	7.3 dB
	8.0 dB

	
	25%
	6.5 dB
	6.5 dB
	7.2 dB
	7.2 dB

	L=24 within 2 PRB
	100%
	5.0 dB
	5.0 dB
	6.0 dB
	7.0 dB

	L=48 within 4 PRB
	100%
	1.3 dB
	3.2 dB
	2.3 dB
	3.6 dB



Based on above observations, we have following proposal.
Proposal 1: For 1-symbol short-PUCCH for UCI of up to 2bits, the sequence length of 48 REs with consecutive mapping within 4 PRBs is supported.

For the sequence of 48 REs, we think same as LTE 48 sequence i.e., (Zadoff-Chu sequence) can be used.
Proposal 2: For 1-symbol short-PUCCH for UCI of up to 2bits with 48 RE sequence, the sequence is Zadoff-Chu sequence.

Mapping of ACK, NACK, and SR to PUCCH resource
In sequence selection, sequence is selected depending on transmitted UCI information. There is no RS and reception is therefore non-coherent. Considering simultaneous HARQ-ACK and SR transmission, four sequences are required per UE for 1 bit UCI and eight sequences are required per UE for 2 bits UCI.
Instead of completely different PRB among candidate sequences (e.g., HARQ-ACK only case and HARQ-ACK + SR case) case, to multiplex two cases within the same PRB(s) of the sequence or at least within a coherent bandwidth should be supported. It means all sequences for a UE is within a same PRB(s) or within a coherent bandwidth. If all candidate sequences are sent within the coherent bandwidth and power difference of all possibility is known, relative comparison among all candidates are possible at gNB receiver. This would improve the receiver performance as received power comparison is possible by relative manner. Note that gNB knows the transmitted power difference including no power difference among ACK/NACK and SR.
Proposal 3: 4 sequences are used for SR and 1-bit HARQ-ACK. 8 sequences are used for SR and 2-bit HARQ-ACK.
Proposal 4: Both sequence selection (cyclic shift selection) and RB selection are supported for simultaneous HARQ-ACK and SR. 
Proposal 5: All sequences transmission for a UE should be within the same PRB(s) or within a coherent bandwidth in order to allow power comparison among sequences at gNB.

Cyclic shift allocation for ACK and NACK to the same UE needs to be decided. There would be 3 candidates.
· Candidate 1: Adjacent cyclic shift values are allocated to the one UE.
· Candidate 2: Cyclic shift values to have maximum distance are allocated to the one UE.
· Candidate 3: Cyclic shift values are allocated independently to the one UE.
For Candidate 1 and 2, the RRC signalling overhead for PUCCH resource allocation could be reduced as PUCCH resource for ACK and NACK could be jointly indicated. On the other hand, for Candidate 3, the RRC signalling for PUCCH resource allocation is increased  as PUCCH resource for each hypothesis is indicated separately. From the performance perspective, Candidate 2 would provide better performance in the condition of no UE multiplexing within the same PRB due to the robustness against the channel frequency selectivity. Therefore, we propose following. We use the similar expression which was proposed in the offline discussion. It means the amount of cyclic shift value difference between ACK and NACK fixed depending on the number available number of cyclic shifts.
Proposal 6: Following ACK/NACK mapping to CS is applied.
· For 1-symbol short-PUCCH for UCI of up to 2bits,
· Log2(m)-bit ACK/NACK is expressed by CS(n) and CS((n+N/m) mod N), …, where;
· N is the number of cyclic shifts
· n is one value from 0~N-1

Next, we discuss UE multiplexing within a PRB. We evaluate the performance of ACK misdetection, NACK-to-ACK error, and SR misdetection probability in the condition of multiplexing of 2 UEs within a PRB. The evaluation assumptions are summarized in Table 3 in Appendix B. The transmission probability of ACK and NACK is set to 9:1 as the target error rate of initial packet transmission could be 10%. Following 2 methods are evaluated.
· Method 1: For a UE#1, Candidate 2 like ACK and NACK mapping is used. For UE#2, the same ACK and NACK mapping with 1 cyclic shift offset from UE#1 is applied as shown in Fig.1.
· Method 2: For a UE#1, Candidate 2 like ACK and NACK mapping is used. For UE#2, the same ACK and NACK mapping with 1, 4, 7, and 10 cyclic shift offsets from UE#1 is randomly applied as shown in Fig.2.
[image: ] 
Fig.1 Method 1
[image: ] 
Fig.2 Method 2

Figure 3 shows the ACK-to-NACK/DTX error rate and NACK-to-NACK error probability. From Fig.3 (a), no performance difference can be found between 2 methods on ACK-to-NACK/DTX error rate. On the other hand, for NACK-to-ACK error probability, Method 2 provides better performance than Method 1. This performance difference would come from the difference of transmission probability between ACK and NACK. The transmission probability of ACK is higher than that of NACK. Therefore, NACK transmission stochastically tends to be affected by the ACK transmission for multiplexed UE(s). In Method 1, when UE#1 transmits NACK (i.e., cyclic shift 6 or 9), UE#2 transmits ACK (i.e., cyclic shift 0 or 4) with higher probability. Then, gNB would be easy to misdetect the NACK transmitted by UE#1 to ACK which uses neighbour cyclic shift to ACK transmitted by UE#2. Method 2 could reduce or randomize such unbalanced interference impact from multiplexed UE(s) and such interference randomization can improve the NACK-to-ACK error performance. The evaluation is all UEs are received as the same power at gNB i.e., ideal power control. When power control is not ideal, the difference of method 1 and 2 could be seen more.
[image: ] [image: ] 
(a) ACK-to-NACK/DTX error rate                            (b) NACK-to-ACK error probability
Fig.3 2 UEs multiplexing within a PRB

In addition, considering above and interference mitigation, to limit the maximum number of allocable sequences per PRB could be limited for example to 8 (i.e., max 2 UE multiplexing for 1 bit UCI, and max 1 UE multiplexing for 2 bits UCI). For the mapping of 2 bits UCI case, the mapping of 2 UE multiplexing case of 1 bit UCI could be reused.
Proposal 7: The mechanism to randomize the interference impact from multiplexed UEs within a PRB such as cyclic shift hopping should be supported. 

Multiplexing between sequence-based short-PUCCH and other sequences
It is further study point for multiplexing between sequence-based short-PUCCH and other sequences. Following multiplexing mechanism was discussed in offline of previous meeting [4].
· For 1-symbol short-PUCCH for UCI of up to 2 bits, the following options are considered for multiplexing of the short-PUCCH with other UL sequence(s):
· Option 1: CDM with long PUCCH for UCI of up to 2 bits
· Option 2: CDM with DM-RS of short PUCCH for more than 2 bits
· Option 3: IFDM with SRS using comb structure
Option 1 can be possible if the sequence of long PUCCH for UCI of up to 2 bits and sequence-based short-PUCCH is same. Then, there is no need to explicitly agree to support Option 1. If the sequence of long PUCCH for UCI of up to 2 bits is agreed, whether CDM is possible or not is also concluded. Our view is if sequence is reused between short-PUCCH and long-PUCCH, the overall system complexity and standardization effort can be reduced. Then, we prefer the same sequence design for both short-PUCCH and long-PUCCH for UCI of up to 2 bits. As proposed, our view is 48 REs short PUCCH can be same as PUSCH DMRS sequence.
Proposal 8: The same set of sequences is used in 12 REs short PUCCH and long PUCCH when each is used for transmission of up to 2 UCI bits on one PRB.

For Option 2, PN sequence is used as DMRS of short-PUCCH for UCI of more than 2 bits. PN sequence is not suitable for the sequence based transmission from PAPR/CM point of view. Therefore, Option 2 is not applied.
Option 3 can be applied regardless of sequence itself. Only resource mapping for sequence based short-PUCCH is considered. The sequence length of 12 REs with consecutive mapping within a PRB is already agreed. The required decision is whether to support comb-based resource mapping. Figs. 4 and 5 show the comparison of ACK misdetection probability and NACK-to-ACK error probability between contiguous mapping and comb mapping. The sequence with length 12 is mapped to a PRB for contiguous mapping and is mapped to 4 PRB with comb structure for comb mapping. It can be seen that the performance of comb mapping is worse than contiguous PRB mapping case due to frequency selective fading.
Observation 1: The performance of comb mapping is worse than contiguous PRB mapping case due to frequency selective fading.
Based on above observation, we propose 
Proposal 9: IFDM with SRS using comb structure is not supported.

[image: ]   [image: ]
                         (a) ACK misdetection probability                                    (b) NACK-to-ACK error probability
Fig.4 Comparison between contiguous mapping and comb mapping (1bit UCI)

[image: ]    [image: ]
                         (a) ACK misdetection probability                                    (b) NACK-to-ACK error probability
Fig.5 Comparison between contiguous mapping and comb mapping (2bits UCI)

Conclusion
[bookmark: _GoBack]In this contribution, we discussed 1-symbol short-PUCCH for UCI of up to 2 bits. We have the following proposals:
Proposal 1: For 1-symbol short-PUCCH for UCI of up to 2bits, the sequence length of 48 REs with consecutive mapping within 4 PRBs is supported.
Proposal 2: For 1-symbol short-PUCCH for UCI of up to 2bits with 48 RE sequence, the sequence is Zadoff-Chu sequence.
Proposal 3: 4 sequences are used for SR and 1-bit HARQ-ACK. 8 sequences are used for SR and 2-bit HARQ-ACK.
Proposal 4: Both sequence selection (cyclic shift selection) and RB selection are supported for simultaneous HARQ-ACK and SR. 
Proposal 5: All sequences transmission for a UE should be within the same PRB(s) or within a coherent bandwidth in order to allow power comparison among sequences at gNB.
Proposal 6: Following ACK/NACK mapping to CS is applied.
· For 1-symbol short-PUCCH for UCI of up to 2bits,
· Log2(m)-bit ACK/NACK is expressed by CS(n) and CS((n+N/m) mod N), …, where;
· N is the number of cyclic shifts
· n is one value from 0~N-1
Proposal 7: The mechanism to randomize the interference impact from multiplexed UEs within a PRB such as cyclic shift hopping should be supported.
Proposal 8: The same set of sequences is used in 12 REs short PUCCH and long PUCCH when each is used for transmission of up to 2 UCI bits on one PRB.
Proposal 9: IFDM with SRS using comb structure is not supported.
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Appendix A
Table 2 Evaluation parameters in the evaluation of Section 2.
	Parameters 
	Value 

	Number of Tx / RX antennas
	1×2

	Number of UEs
	1, 2

	Channel model
	TDL-C, DS = 300 or 1000 ns

	Velocity of UE
	3 km/s

	Carrier frequency
	4 GHz 

	System bandwidth
	20 MHz

	Subcarrier spacing
	15 kHz

	UCI bits
	1 bit, 2 bits

	Number of RBs
	1, 2, and 4

	Transmission probability of ACK:NACK
	ACK : NACK = 5:5



[image: ]     [image: ]
(a) ACK-to-NACK/DTX error rate                                  (b) NACK-to-ACK error rate
Fig.1 1 bit UCI, DS=300ns
[image: ]     [image: ]
(b) ACK-to-NACK/DTX error rate                                  (b) NACK-to-ACK error rate
Fig.2 2 bits UCI, DS=300ns
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(c) ACK-to-NACK/DTX error rate                                  (b) NACK-to-ACK error rate
Fig.3 1 bit UCI, DS=1000ns
[image: ]     [image: ]
(d) ACK-to-NACK/DTX error rate                                  (b) NACK-to-ACK error rate
Fig.4 2 bits UCI, DS=1000ns

Appendix B
Table 3 Evaluation parameters in the evaluation of Section 3
	Parameters 
	Value 

	Number of Tx / RX antennas
	1×2

	Number of UEs
	1, 2

	Channel model
	TDL-C, DS = 300 ns

	Velocity of UE
	3 km/s

	Carrier frequency
	4 GHz 

	System bandwidth
	20 MHz

	Subcarrier spacing
	15 kHz

	UCI bits
	2 bit

	Number of RBs
	1 RB

	Transmission probability of ACK:NACK
	ACK : NACK = 9:1

	Transmission probability of SR
	SR : no SR = 5:5
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