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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]This contribution discusses remaining details of 1-symbol short-PUCCH for UCI of up to 2 bits as follows.
· Multiplexing between sequence-based short-PUCCH and other sequences  (Section 2)
· Mapping of ACK, NACK, and SR to PUCCH resource (Section 3)
· Inter-cell/TRP interference randomization (Section 4)
Multiplexing of other channels
For the sequence design, following was agreed in RAN1#90bis [1].
Agreements:
· For the case of length-12 sequences, the same set of sequences are used for at least for the following:
· DM-RS for long PUCCH for UCI of up to 2 bits,
· DM-RS for long PUCCH for UCI of more than 2 bits,
· DM-RS for long-PUCCH over multiple slots,
· DM-RS for DFT-S-OFDM PUSCH with modulation order higher than BPSK
· FFS other cases (e.g., short PUCCH for UCI of up to 2 bits, data symbols for long PUCCH, etc.)

Agreements:
· The sequences on slide 4 in R1-1718949 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

Following multiplexing mechanisms are still open issues on multiplexing with other UL sequence(s) for the short-PUCCH for UCI of up to 2 bits [2].
· 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

Based on above agreements, the sequence of DMRS for long PUCCH for UCI of up to 2 bits and the sequence for short PUCCH for up to 2 bits is the same. Therefore, at least for DMRS for long PUCCH for up to 2 bits, CDM between short PUCCH for up to 2 bits and long PUCCH for UCI of up to 2 bits are possible. On the other hand, the gain to multiplex short PUCCH and long PUCCH is unclear. Anyway, whether to apply CDM for short PUCCH and long PUCCH would be network implementation issue, and then, there is no need to explicitly agree to support Option 1.
For Option 2, PN sequence is used as DMRS of short-PUCCH for UCI of more than 2 bits. Since the sequence is different between short PUCCH for UCI of up to 2 bits and DMRS of short PUCCH for more than 2 bits, Option 2 is not supported.
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. 1 and 2 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. The detail evaluation assumption is shown in Appendix A. It can be seen that the performance of comb mapping is worse than contiguous PRB mapping case due to frequency selective fading. Based on this observation, we propose that IFDM with SRS using comb structure is not supported.
Proposal 1: IFDM with SRS using comb structure is not supported.
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                         (a) ACK misdetection probability                                    (b) NACK-to-ACK error probability
Fig.1 Comparison between contiguous mapping and comb mapping (1bit UCI)
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                         (a) ACK misdetection probability                                    (b) NACK-to-ACK error probability
Fig.2 Comparison between contiguous mapping and comb mapping (2bits UCI)

Mapping of ACK, NACK, and SR to PUCCH resource
For mapping of ACK, NACK, and SR to PUCCH resource, following was agreed in RAN1#90bis [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
The one of open issues is the mapping for simultaneous HARQ-ACK and SR. With regard to the number of sequence to be allocated, there were following proposals.
· In case of 1-bit HARQ-ACK & SR (positive or negative)
· Option 1: Allocate 4 sequences
· Option 2: Allocate 3 sequences 
· In case of 2-bit HARQ-ACK & SR (positive or negative)
· Option 1: Allocate 8 sequences 
· Sequence #1: ACK/ACK w/o SR
· Sequence #2: ACK/NACK w/o SR
· Sequence #3: NACK/ACK w/o SR
· Sequence #4: NACK/NACK w/o SR
· Sequence #5: ACK/ACK w/ SR
· Sequence #6: ACK/NACK w/ SR
· Sequence #7: NACK/ACK w/ SR
· Sequence #8: NACK/NACK w/ SR
· Option 2: Allocate 5 sequences with bundling
· Sequence #1: ACK/ACK w/o SR
· Sequence #2: ACK/NACK w/o SR
· Sequence #3: NACK/ACK w/o SR
· Sequence #4: ACK/ACK w/ SR
· Sequence #5: ACK/NACK w/ SR, NACK/ACK w/ SR, NACK/NACK w/ SR
· No transmission for NACK/NACK w/o SR
In case of 1-bit HARQ-ACK and SR, in Option 2, UE does not transmit sequence for NACK without SR. In this case, gNB cannot differentiate NACK and DTX when no SR case and this results in DL throughput degradation. On the other hand, there might be the operation merit such as uplink resource utilization and potential UE power saving in Option 2. From this angle, to have the configurability of two options would be beneficial. For Option 2, PDCCH needs to be transmitted with high reliability since no DTX/NACK distinction.
In case of 2-bit HARQ-ACK and SR, there would be the trade-off between the performance/throughput and PUCCH resource efficiency when comparing Option1 and Option 2. In Option 2, without SR, individual ACK/NACK can be indicated. If SR is transmitted simultaneously, both ACK with SR or “at least one is NACK” can be identified. For the gNB operating Option 2 of 1-bit HARQ-ACK case, Option 2 for 2-bit HARQ-ACK can be configured. On the other hand, regardless of above option, we think at least Option 1 should be supported. Option 2 is possible additional option if the needs are identified. For Option 1, to use the same mapping of ACK and NACK to PUCCH resource within a PRB is used for both with SR and without SR.
Proposal 2: For simultaneous HARQ-ACK and SR transmission using short PUCCH for up to 2 bits, at least following should be supported.
· In case of 1-bit HARQ-ACK and SR (positive or negative)
· Allocate 4 sequences
· The distance between the two cyclic shifts for HARQ-ACK with SR within a PRB is 6.
· The distance between the two cyclic shifts for HARQ-ACK without SR within a PRB is 6.
· In case of 2-bit HARQ-ACK and SR (positive or negative)
· Allocate 8 sequences
· The distance between the two cyclic shifts for HARQ-ACK with SR within a PRB is 3.
· The distance between the two cyclic shifts for HARQ-ACK without SR within a PRB is 3.
Proposal 3: For simultaneous HARQ-ACK and SR transmission using short PUCCH for up to 2 bits, following could be considered as possible additional option.
· In case of 1-bit HARQ-ACK and SR (positive or negative)
· Allocate 3 sequences
· Sequence #1: ACK w/o SR
· Sequence #2: ACK w/ SR
· Sequence #3: NACK w SR
· No transmission for NACK w/o SR
· In case of 2-bit HARQ-ACK and SR (positive or negative)
· Allocate 5 sequences
· Sequence #1: ACK/ACK w/o SR
· Sequence #2: ACK/NACK w/o SR
· Sequence #3: NACK/ACK w/o SR
· Sequence #4: ACK/ACK w/ SR
· Sequence #5: ACK/NACK w/ SR, NACK/ACK w/ SR, NACK/NACK w/ SR
· No transmission for NACK/NACK w/o SR

The one of remaining issues is whether the same sequences within a PRB or the sequences with different PRB (i.e., PRB selection) are used. It would be good to have functionality to support both in order to support the operation in various condition of delay spread.
When different PRB is used, instead of completely different PRB among candidate sequences case, to multiplex two cases within a coherent bandwidth should be supported. 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 sequences. One of possible realization is to use adjacent PRBs. For RRC indication of multiple PRBs position for PRB selection, if absolute position of  multiple PRBs are explicitly indicated, RRC overhead increases while it has the best flexibility. Considering multiple PRBs are within a coherent bandwidth, a few PRB range of +/- or offset values can be sufficient, probably 8 entries would be sufficient. If multiple PRBs are expressed by relative position, RRC overhead is reduced.
Proposal 4: Both sequence selection (cyclic shift selection) and RB selection are supported for simultaneous HARQ-ACK and SR.
Proposal 5: All sequences to be allocated for a UE should be within the same PRB or PRBs within a coherent bandwidth in order to allow power comparison among sequences at gNB. In case of different PRBs within a coherent bandwidth, another PRB is indicated by relative difference to the original PRB.

In addition, for mapping of ACK, NACK, and SR to PUCCH resource, the impact of UE multiplexing within a PRB should be considered. We evaluate the ACK misdetection probability and NACK-to-ACK error probability in the condition of multiplexing of 2 UEs within a PRB. The evaluation assumptions are summarized in Table 2 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: Always the same mapping of ACK and NACK to cyclic shift (Figure 3)
· UE#1: [00, 01, 11, 10] = [CS=0, CS=3, CS=6, CS=9]
· UE#2: [00, 01, 11, 10] = [CS=1, CS=4, CS=7, CS=10]
· Method 2: Randomized mapping of ACK and NACK to cyclic shift (Figure 4)
· UE#1: [00, 01, 11, 10] = [CS=0, CS=3, CS=6, CS=9]
· UE#2: The mapping is randomly selected from following 4 candidates
· [00, 01, 11, 10] = [CS=1, CS=4, CS=7, CS=10]
· [00, 01, 11, 10] = [CS=4, CS=7, CS=10, CS=1]
· [00, 01, 11, 10] = [CS=7, CS=10, CS=1, CS=4]
· [00, 01, 11, 10] = [CS=10, CS=1, CS=4, CS=7]
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Fig.3 Method 1                                                        Fig.4 Method 2
Figure 5 shows the ACK misdetection probability and NACK-to-ACK error probability. From Fig.3 (a), no performance difference can be found between 2 methods on ACK ACK misdetection probability. 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.
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 (a) ACK misdetection probability                                (b) NACK-to-ACK error probability
Fig.5 2 UEs multiplexing within a PRB
How to realize the mechanism to randomized mapping is discussed below. Assuming ncs is the initial cyclic shift, which is indicated by PUCCH resource allocation, without randomized mapping from assigned cyclic shift to ACK/NACK hypothesis, assigned cyclic shift can be denoted as follows. In the following, n0 or 1 and n00 or 01 or 11 or 10 is the cyclic shift to be assigned to the ACK/NACK hypothesis.
· 1-bit HARQ-ACK
· n0 = ncs
· n1 = (ncs + 6) mod 12
· 2-bit HARQ-ACK
· n00 = ncs
· n01 = (ncs + 3) mod 12
· n11 = (ncs + 6) mod 12
· n10 = (ncs + 9) mod 12

Since the mapping of ACK and NACK to PUCCH resource is closed to a UE, there would be no need to share the same randomization function such as base sequence hopping or cyclic shift hopping for inter-cell interference randomization. Following example could be considered.
· 1-bit HARQ-ACK
· n0 = ndelta + ncs
· n1 = (ndelta + ncs + 6) mod 12
· 2-bit HARQ-ACK
· n00 = ndelta + ncs
· n01 = (ndelta + ncs + 3) mod 12
· n11 = (ndelta + ncs + 6) mod 12
· n10 = (ndelta + ncs + 9) mod 12


where  for 1-bit HARQ-ACK and  for 2-bit HARQ-ACK. The pseudo-random sequence c(i) is initialized with C-RNTI. In this example, the generation random pattern is re-used from cyclic shift hopping in LTE, but this might be optimized further.
Proposal 6: For short PUCCH for up to 2 bits, pseudo-randomized mapping from assigned cyclic shift to ACK/NACK hypothesis with UE specific manner should be supported.

Inter-cell/TRP interference randomization
For the inter-cell interference randomization, there are following agreements.
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
In LTE, slot-level base sequence hopping is applied as follows by using u = (fgh(ns) + fss) mod 30, where u is the base sequence number, ns is slot number (0~19), fgh(ns) is hopping pattern, and fss is sequence shift pattern. There are 17 different hopping pattern and 30 different sequence-shift pattern. In NR, there would be following difference from LTE. 1) Number of cell ID or number of configurable ID is increased to around 1000. 2) Number of slots in one frame is 10 slots for subcarrier spacing = 15 kHz, 20 for 30 kHz, 40 for 60 kHz, 80 for 120 kHz, 160 for 240 kHz, and 320 for 480 kHz. On the number of ID, there can be around 30 hopping pattern. At least for 15 and 30 kHz subcarrier spacing, to use 30 hopping pattern for hopping periodicity with one frame (10 slots and 20 slots) might limit the randomization effect. Therefore, hopping pattern with longer hopping periodicity should be considered. On the different number of slots in one frame, to use common initialization time of radio frame could simplify the system and could have longer periodicity. On hopping timing unit, hopping is limited to fixed time unit means no hopping in certain case. Then, scalable timing unit is required. Based on above observation, for slot-level base-sequence hopping, to use hopping pattern with initialization of fixed time period such as 2 frames length (or 4 frames length) can be considered. Another solution would be to apply symbol-level base sequence hopping in addition to slot-level base sequence hopping. In this case, hopping periodicity becomes 14 times longer than slot-level base-sequence hopping and then, the hopping periodicity of one frame could be used. Although we are ok with either option, as one frame length design makes simplify the behaviour, we propose to take 1frame length hopping periodicity and unit is symbol level.
Proposal 7: For short PUCCH for UCI with up to 2 bits, following base sequence hopping mechanisms is used.
· Hopping periodicity: Fixed period with 1 frame length
· Hopping timing unit: Symbol-level with scalable timing unit of 1 symbol with respect to subcarrier spacing

In LTE, symbol-level cyclic shift hopping is used. The hopping pattern is initialized with cell ID or configurable ID. The obtained cyclic shift value from cyclic shift hopping is used as cyclic shift offset. Then, actual used cyclic shift can be ncs + noffset , where ncs is indicated cyclic shift value and noffset is cyclic shift offset obtained from cyclic shift hopping. This cyclic shift offset should be cell specific in order to avoid the collision among multiplexed UEs. Similar mechanism can also be used for NR.
Proposal 8: For short PUCCH for UCI with up to 2 bits, cyclic shift can be hopped for transmission of PUCCH in different symbols.
· Hopping pattern is at least based on a configurable ID.
· Similar mechanism as in LTE should be the baseline.
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Conclusion
In this contribution, we discussed 1-symbol short-PUCCH for UCI of up to 2 bits. We have the following proposals:
Proposal 1: IFDM with SRS using comb structure is not supported.
Proposal 2: For simultaneous HARQ-ACK and SR transmission using short PUCCH for up to 2 bits, at least following should be supported.
· In case of 1-bit HARQ-ACK and SR (positive or negative)
· Allocate 4 sequences
· The distance between the two cyclic shifts for HARQ-ACK with SR within a PRB is 6.
· The distance between the two cyclic shifts for HARQ-ACK without SR within a PRB is 6.
· In case of 2-bit HARQ-ACK and SR (positive or negative)
· Allocate 8 sequences
· The distance between the two cyclic shifts for HARQ-ACK with SR within a PRB is 3.
· The distance between the two cyclic shifts for HARQ-ACK without SR within a PRB is 3.
Proposal 3: For simultaneous HARQ-ACK and SR transmission using short PUCCH for up to 2 bits, following could be considered as possible additional option.
· In case of 1-bit HARQ-ACK and SR (positive or negative)
· Allocate 3 sequences
· Sequence #1: ACK w/o SR
· Sequence #2: ACK w/ SR
· Sequence #3: NACK w SR
· No transmission for NACK w/o SR
· In case of 2-bit HARQ-ACK and SR (positive or negative)
· Allocate 5 sequences
· Sequence #1: ACK/ACK w/o SR
· Sequence #2: ACK/NACK w/o SR
· Sequence #3: NACK/ACK w/o SR
· Sequence #4: ACK/ACK w/ SR
· Sequence #5: ACK/NACK w/ SR, NACK/ACK w/ SR, NACK/NACK w/ SR
· No transmission for NACK/NACK w/o SR
Proposal 4: Both sequence selection (cyclic shift selection) and RB selection are supported for simultaneous HARQ-ACK and SR.
Proposal 5: All sequences to be allocated for a UE should be within the same PRB or PRBs within a coherent bandwidth in order to allow power comparison among sequences at gNB. In case of different PRBs within a coherent bandwidth, another PRB is indicated by relative difference to the original PRB.
Proposal 6: For short PUCCH for up to 2 bits, pseudo-randomized mapping from assigned cyclic shift to ACK/NACK hypothesis with UE specific manner should be supported.
Proposal 7: For short PUCCH for UCI with up to 2 bits, following base sequence hopping mechanisms is used.
· Hopping periodicity: Fixed period with 1 frame length
· Hopping timing unit: Symbol-level with scalable timing unit of 1 symbol with respect to subcarrier spacing
Proposal 8: For short PUCCH for UCI with up to 2 bits, cyclic shift can be hopped for transmission of PUCCH in different symbols.
· Hopping pattern is at least based on a configurable ID.
· Similar mechanism as in LTE should be the baseline.
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Appendix A
Table 1 Evaluation parameters for the evaluation in Section 2.
	Parameters 
	Value 

	Number of Tx / RX antennas
	1×2

	Number of UEs
	1, 2

	Channel model
	TDL-C, DS = 300ns

	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

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


Appendix B
Table 2 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
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