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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1 #90, following agreements had been made on long-PUCCH for UCI of more than 2 bits with no multiplexing capacity [1].
Agreements:
· For a PUCCH format for UCI with large payload with no multiplexing capacity within a slot:
· If frequency-hopping is enabled,
· For each frequency-hop with less than X symbols, there is one DMRS symbol.
· X is not smaller than 4.
· For each frequency-hop with equal to or more than X symbols, there are two DMRS symbols.
· For each frequency-hop, at least one DMRS symbol is included.
· FFS: number of DMRS symbols if frequency-hopping is disabled.
· Targeting one value for X.
· FFS: The value of X
· FFS: DMRS structures

In RAN1 #90 [1] and RAN1 NR-AH#3 [2], following agreements and conclusion had also been made on long-PUCCH for UCI of more than 2 bits with multiplexing capacity.
Agreements: (RAN1 #90)
· Long-PUCCH format for UCI payload with multiplexing capacity is supported.
Agreements: (RAN1 #90)
· For the format of long PUCCH supporting multiplexing of users, target to select one from:
· Alt.1: User multiplexing is realized by time-domain OCC
· Alt.2: User multiplexing is realized by pre-DFT-OCC
· Alt.3: User multiplexing is realized by FDM within the PRB
· Alt.4: User multiplexing is realized by pure TDM in the slot.
· Note: Other alternatives are no precluded.

Conclusion: (RAN1 NR-AH#3)
· For long PUCCH moderate payload size with multiplexing capacity, aim to downselection between Alt.2 and Alt.3 next meeting – companies are encouraged to perform additional evaluations and analysis especially considering power imbalance.

This contribution discusses design of long-PUCCH for UCI of more than 2 bits.
Note: This is contribution is revised from R1-1716121 [3].
Long PUCCH for UCI of more than 2 bits without multiplexing capacity
Scalable design of long PUCCH for UCI of more than 2 bits
The issues related to scalable long-PUCCH design for UCI of more than 2 bits would be how coding or payload is adjusted for different number of symbol cases. Following 3 options could be considered.
Option 1) Supported payload size is different depending on different number of symbol cases.
Option 2) Supported payload size is same but only coding rate is different.
Option 3) Supported payload size is same. The resource utilization is changed in the frequency domain.
[bookmark: _GoBack]From coverage perspective, only Option 1 can work but Option 1 is not so convenient when coverage is not the issue. Option 2 does not have any influence on the resource usage but Option 3 has influence on the resource usage. To have the influence of resource usage requires the coordination with the other resource assignment. If number of PUCCH symbols is determined by resource indication of unicast PDCCH, by including frequency domain resource allocation also in unicast PDCCH, the above issue could be simple. If number of PUCCH symbols is determined by group common PDCCH, how to know the frequency domain resource size is the issue. One is to have relationship between payload size and number of symbols but it might be complicated.
Considering above options, the combination of all options would be necessary. The network/gNB scheduler will take into account payload size and coverage. This is no spec impact. Up to certain coding rate variation, Option 2 is used. If more than certain rate variation (like the coding rate is higher than 1), Option 3 is used. If the variation of Option 3 wants to be reduced, for example, power of 2 scaling of the resource utilization difference could be supported but fractional scaling of the resource variation is not supported. For example, in order to accommodate wide range of payload size, multiple PRBs configuration (such as 1, 2, 4, and 8) would be required. How the number of PRBs is differentiated might depend on reference number of symbols. If the number of PRB is set based on reference of 14 symbols, the number of PRBs is double for [5], 6, 7, 8, 9, [10] symbols PUCCH. The number of PRBs is four times for 4, [5]-symbol PUCCH.
Proposal 1: Following scalable design with respect to payload size is supported for long-PUCCH for UCI of more than 2 bits in a given slot.
· Up to certain coding rate variation, supported payload size is same.
· If more than certain coding rate variation (like the coding rate is higher than 1), the resource utilization is changed in the frequency domain.

DMRS density
It is further study point for the number of DMRSs per a slot for long-PUCCH for UCI of more than 2 bits. Based on the evaluation results provided in the previous meeting, one DMRS symbol per hop when the number of symbols in each hop is less than 5 or 6 and two DMRS symbols per hop when the number of symbols when the number of symbols in each hop is more than 4 or 5 (i.e., X=5 or 6) would be possible option of DMRS density switching point. On the other hand, it was also identified that optimal number of DMRS symbols will vary depending on the scenarios such as payload size and mobility. Instead of complicated rule for determining the value of X, the number of DMRS symbols is configurable would become one of options. Another option is the number of DMRS per hop is always 1 when frequency hopping is enabled. It is also workable as current LTE PUCCH format 4 is based on LTE PUSCH and LTE PUSCH has one DMRS per hop. For this option, the DMRS density in the long PUCCH is kept even when frequency hopping is disabled. Then, when frequency hopping is disabled, the number of DMRS symbols always becomes two in a long-PUCCH. In this case, not to have hop within a slot for multiple slots PUCCH could always improve channel estimation performance regardless of the number of symbols within a slot. 
Proposal 2: For the number of DMRSs per hop, either of following options is supported.
· Option 1: The number of DMRS symbols per hop is 1 for each frequency-hop with less than X symbols and the number of DMRS symbols per hop is 2 for each frequency-hop with equal to or more than X symbols. The value of X is fixed to X= 5 or 6. 
· Option 2: When frequency hopping is enabled, the number of DMRS symbols per hop is always 1. When frequency hopping is disabled, the number of DMRS symbols is always 2.
From performance point of view, Option 1 is more reasonable but to take option 2 is also possible just because of the lack of standardization time.

Long PUCCH for UCI of more than 2 bits with multiplexing capacity
In the previous meeting, two alternatives for the format of long-PUCCH supporting multiplexing of users became candidates. One is pre-DFT-OCC type user multiplexing and the other is FDM within the PRB. It was mentioned in [4] that the above two user multiplexing scheme is equivalent. On the other hand, in [5], the performance degradation of pre-DFT-OCC over FDM within the PRB was shown in power imbalance scenario. This performance difference would come from different DMRS structure (i.e., whether DMRS is also FDMed within the PRB or not). If DMRS is also FDMed with in the PRB, it might require additional specification effort for DMRS sequence generation. Therefore, for FDM within the PRB, only UCI is FDMed within the PRB. 
The equivalence between pre-DFT OCC and FDM within the PRB would depend on the spreading sequence to be specified and UCI mapping within the PRB. For example, assuming spreading factor is 2 and a set of OCC sequences [W(0), W(1)] is [1, 1] and [1, -1], if UCI before DFT is mapped like [a0*W(0), a1*W(0), a2*W(0), a3*W(0), a4*W(0), a5*W(0), a0*W(1), a1*W(1), a2*W(1), a3*W(1), a4*W(1), a5*W(1)], the outcome is completely same as comb structure. On the other hand, if UCI before DFT is mapped like [a0*W(0), a0*W(1), a1*W(0), a1*W(1), a2*W(0), a2*W(1), a3*W(0), a3*W(1), a4*W(0), a4*W(1), a5*W(0), a5*W(1)], the outcome would not be comb structure.
Another difference would be pre-DFT OCC performs always 12-point DFT, while purely FDMed approach performs 6-point DFT for spreading factor 2, 3-point DFT for spreading factor 4, and 2-point DFT for spreading factor 6. If such varying DFT size is the big issue, pre-DFT-OCC is preferred. On the other hand, if varying DFT size is not the issue, when it is satisfied that the DFT outputs between pre-DFT-OCC and FDMed within the PRB is equivalent, the possible approach would be the realization is up to the implementation but because of the spec description purpose, either of the description is taken.

Proposal 3: For the format of long PUCCH supporting multiplexing of users, user multiplexing is realized by either pre-DFT-OCC or FDM within the PRB. For FDM within the PRB, only UCI is FDMed.
· If varying DFT size is the big issue, pre-DFT-OCC is preferred.
· Either of the description (pre-DFT-OCC and FDMed within the PRB) is taken while the realization is up to the implementation is one of approaches when it is satisfied that the DFT outputs between pre-DFT-OCC and FDMed within the PRB is equivalent.

Conclusion
In this contribution, we discussed design of long-PUCCH for UCI of more than 2 bits. We have the following proposals:
Proposal 1: Following scalable design with respect to payload size is supported for long-PUCCH for UCI of more than 2 bits in a given slot.
· Up to certain coding rate variation, supported payload size is same.
· If more than certain coding rate variation (like the coding rate is higher than 1), the resource utilization is changed in the frequency domain.
Proposal 2: For the number of DMRSs per hop, either of following options is supported.
· Option 1: The number of DMRS symbols per hop is 1 for each frequency-hop with less than X symbols and the number of DMRS symbols per hop is 2 for each frequency-hop with equal to or more than X symbols. The value of X is fixed to X= 5 or 6. 
· Option 2: When frequency hopping is enabled, the number of DMRS symbols per hop is always 1. When frequency hopping is disabled, the number of DMRS symbols is always 2.
Proposal 3: For the format of long PUCCH supporting multiplexing of users, user multiplexing is realized by either pre-DFT-OCC or FDM within the PRB. For FDM within the PRB, only UCI is FDMed.
· If varying DFT size is the big issue, pre-DFT-OCC is preferred.
· Either of the description (pre-DFT-OCC and FDMed within the PRB) is taken while the realization is up to the implementation is one of approaches when it is satisfied that the DFT outputs between pre-DFT-OCC and FDMed within the PRB is equivalent.
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