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1 Introduction
From the RAN1#96bis to the RAN1#98bis meeting, there was a discussion on UL channels/signals and the followings were agreed [1]-[4].
	Agreement at RAN1#96bis
For a 20 MHz carrier bandwidth, if enhancements to PF0 and PF1 are supported, a mapping to physical resources of at least one full interlace is supported
· FFS: Whether or not to support enhancements to PF0/1.
· Companies are encouraged to provide user multiplexing capacity and UCI payload analysis for enabling the decision for relevant use cases
Agreement at RAN1#96bis
Decisions on which additional PUCCH formats (enhanced or combination of legacy and enhanced) are supported should be at least based on the following.
· Which PUCCH format(s) are to be used at least for the following use cases:
· HARQ ACK prior to dedicated PUCCH resource configuration
· HARQ ACK, SR, CSI and combinations thereof after dedicated PUCCH resource configuration
· Specification impact, e.g., UE procedures in 38.213 and 38.212, for all proposed PUCCH formats to be supported
· User multiplexing capacity and UCI payload analysis for all proposed PUCCH formats to be supported
· In-band and out-of-band emissions

Agreement at RAN1#97
Support enhancement of Rel-15 PUCCH formats PF0 and PF1 as follows:
· Mapping to physical resources of one full interlace in 20 MHz.
· FFS: Sequence type and mapping considering the following alternatives:
· Alt-1: Repetition of the length-12 Rel-15 PF0 and PF1 sequence in each PRB of an interlace with mechanism to control PAPR/CM considering the following alternatives
· Alt-1a: Cycling of cyclic shifts across PRBs 
· Alt-1b: Phase rotation across PRBs of an interlace where the phase rotation is can be per RE or per PRB
· Alt-2: Mapping of different length-12 Rel-15 PF0 and PF1 sequences to the PRBs of an interlace based on different group number u (range is 0 .. 29)
· Alt-3: Mapping of a single long sequence to the PRBs of an interlace
· FFS: Impact due to guardbands 
· Note: Decisions on the above should be based on at least performance using the agreed MCL metric and specification impact
· Note: Interlaced PF2 and 3 are not enhanced to support 1-2 bit payloads
Agreement at RAN1#97
For enhanced Rel-15 PF3 supporting interlaced mapping, do not replace DFT-s-OFDM with CP-OFDM

Agreement at RAN1#98
The working assumption from RAN1 AH1901 is converted to an agreement with the following modifications:
· For a given SCS, the following PRB-based interlace design is supported at least for PUSCH and PUCCH:
· Same spacing (M) between consecutive PRBs in an interlace for all interlaces regardless of carrier BW, i.e., the number of PRBs per interlace is dependent on the carrier bandwidth
· Point A is the reference for the interlace definition
· For 15 kHz SCS, M = 10 interlaces and for 30 kHz SCS, M = 5 interlaces for all bandwidths
· FFS: Interlace design for PUCCH for bandwidths greater than 20 MHz
· FFS: Whether and how partial interlace allocation is supported considering mechanisms specific to PUSCH and PUCCH
· FFS: PUCCH bandwidth
· FFS: Whether or how an interlace design for PUSCH and/or PUCCH is supported on 10 MHz according to the revised WID objective 
Agreement at RAN1#98
Alt-1a (Cycling of cyclic shifts across PRBs of the interlace) is selected from the four alternatives in the RAN1#97 agreement on enhanced Rel-15 PUCCH formats PF0 and PF1 
· FFS: Cyclic shift ordering
Agreement at RAN1#98
A bandwidth occupied by a PUCCH resource does not exceed the bandwidth corresponding to a 20 MHz carrier/LBT bandwidth
Agreement at RAN1#98
· For interlaced PUSCH transmission in a BWP, X bits of the PUSCH frequency domain resource allocation field are used for indicating which combination of M interlaces is allocated to the UE.
· This applies to PUSCH of the following types:
· Msg3 PUSCH
· PUSCH Scheduled by fallback and non-fallback DCI
· Type 1 and Type 2 Configured Grant PUSCH
· For 30 kHz SCS
· Support X = 5 (5-bit bitmap to indicate all possible interlace combinations)
· For 15 kHz SCS
· Down-select between the following two alternatives:
· Alt-1: Support X = 10 (10-bit bitmap to indicate all possible interlace combinations)
· Alt-2: Support X = 6 bits to indicate start interlace index and number of contiguous interlace indices (RIV) and using remaining up to 9 RIV values to indicate specific pre-defined interlace combinations

Agreement at RAN1#98bis:
· For PUCCH formats 0 and 1 configured with an interlace mapping, the formula for cyclic shift hopping in Section 6.3.2.2.2 of 38.211 is given by



where  indexes consecutive PRBs within an interlace starting with the lowest indexed PRB of the PUCCH resource within the BWP. N is the number of PRBs in an interlace (10 or 11).
· FFS: The step size  is down-selected to one value amongst {1,5,7,11}
· The decision on which value to select is based on minimizing the 95th percentile CM
· FFS: For PF0, whether or not the above formula  includes an additional term  in order to increase user multiplexing from 1 to 3 in case of 2-bit ACK/NACK + SR (SR = 1 for positive SR and 0 for negative SR)
· FFS: In order to increase user multiplexing capacity for PF0, PF1, introduction of *(i+i0) into the formula instead of *i where i+i0 is modulo N, and i0 is configurable in the range {0, 1, …, N-1}.
· This mechanism may create collisions when the user multiplexing capacity is increased (i0 is not 0)



In this contribution, we discuss PUCCH enhancement, PUSCH resource allocation and PRACH design for NR-U operation and provide our view. 

2 Discussion on UL channels design
PUCCH Enhancement
 At the RAN1#98 meeting, it was agreed that Alt-1a (Cycling of cyclic shifts across PRBs of the interlace) is selected as a mechanism to control PAPR/CM by applying the cyclic shift cycling to the one-full interlaced physical resources in 20MHz for the enhanced Rel-15 PUCCH formats PF0 and PF1. It was also agreed that the step size  is FFS to down-select one value amongst {1,5,7,11} for the step size of cyclic shift ordering between consecutive PRBs within an interlace.
For the cyclic shift ordering in different 10 RBs in a full interlace, when cyclic shift ordering is non-repetitive, sequentially ascending or sequentially descending CS pattern had shown to have the lower PAPR/CM performance according to PAPR/CM evaluation of contributions [7]-[10] at the previous RAN1#98bis meeting. Therefore, we propose to simply apply sequentially ascending (i.e.  = 1) or sequentially descending (i.e.  = 11) step size for the cyclic shift across PRBs in the UL interlaced resources, where m0 and mcs are determined by a UE for computing a value of cyclic shift alpha as in Rel-15.
· Proposal 1: We propose to simply apply sequentially ascending (i.e.  = 1) or sequentially descending (i.e.  = 11) step size for the cyclic shift across PRBs in the UL interlaced resources, where m0 and mcs are determined by a UE for computing a value of cyclic shift alpha as in Rel-15.

In the case that RB-interlaced design is used as PUCCH structure, the minimum resource granularity can be one interlaced, i.e., 10 RBs under a sub-band or a unit of 20MHz in the activated BWP. This implies that the PUCCH resource unit in frequency domain for NR-U can be greatly increased for a given UE compared with PUCCH format 0 and 1 occupying 1-RB only in NR licensed band. Specially, in the case of small UCI payload size, for a given UE, the RB-interlaced allocation results in inefficient resource utilization by using excessive RBs without considering UE multiplexing capability enhancement. Therefore, it should be discussed how to increase UE multiplexing capacity, especially, for RB-interlaced structure with enhancement of PUCCH format 0 and 1. 
· Proposal 2: It should be discussed how to increase UE multiplexing capacity, especially, for RB-interlaced structure with enhancement of PUCCH format 0 and 1.
In case of PUCCH formats which perform sequence-based transmission as maximum of 12 UEs multiplexing capacity with 1 RB, the RB-level multiplexing method may be further considered, in which different UEs can be additionally multiplexed with OCC length-2 in the frequency domain between consecutive RBs at one full interlaced RBs, as shown in Figure 1. Considering not so large delay spread in small cell deployment scenario for NR-U operation, it can be possible to apply a method of simply performing multiplexing with OCC length-N in the frequency domain between consecutive RBs of one full interlaced RBs. It can provide an additional N- times user multiplexing capacity. It seems beneficial that sequence-based transmission in Rel-15 NR PUCCH format 0 / 1 can be reused for each RB within one full interlaced RBs. For PUCCH format 0, it can minimize the channel occupancy time by using only 1 symbol for PUCCH transmission on unlicensed spectrum and it results in being enable transmission of PUCCHs including HARQ-ACK as many as possible within an gNB’s or UE’s initiated COT. Therefore, we propose to consider RB-interlaced PUCCH in which different UEs can be multiplexed with OCC length-N in the frequency domain between consecutive RBs of one full interlaced RBs, while reusing the PUCCH format 0 or 1 used in Rel-15 NR.
· Proposal 3: We propose to consider RB-interlaced PUCCH in which different UEs can be multiplexed with OCC length-N in the frequency domain between consecutive RBs of one full interlaced RBs, while reusing the PUCCH format 0 or 1 used in Rel-15 NR.
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(a) Enhanced PF0 with OCC length-2		(b) Enhanced PF1 with OCC length-2
Figure. 1 Multiple UE multiplexing with OCC length-2 in frequency domain at one interlaced RBs

PUSCH Enhancement
Frequency domain resource allocation for interlaced PUSCH in multiple of 20MHz
At the RAN1#98 meeting, it was discussed on frequency domain resource allocation for indicating which combination of M interlaces is allocated to the UE for interlaced PUSCH transmission in a BWP. For 30kHz SCS, it was agreed to support 5-bit bitmap to indicate all possible interlace combinations. However, for 15kHz SCS, two alternatives was listed up as below.
· Alt-1: Support X = 10 (10-bit bitmap to indicate all possible interlace combinations)
· Alt-2: Support X = 6 bits to indicate start interlace index and number of contiguous interlace indices (RIV) and using remaining up to 9 RIV values to indicate specific pre-defined interlace combinations
For the Alt-1, it can be advantageous that all possible interlace combinations cannot only be indicated but also an identical method can be used as the same as the FDRA method used for 30 kHz SCS. However, the DCI overhead for the frequency domain RA is increased as compared with the Alt-2. The Alt-2 is exactly same as uplink resource allocation type 3 mechanism used in LTE-eLAA. And it has less DCI overhead than that of the Alt-1. Therefore, we propose to support Alt-2 that 6 bits frequency domain RA field in UL grant indicates starting interlace index and number of contiguous interlace indices (RIV)
· Proposal 4: We propose to support Alt-2 in which 6 bits frequency domain RA field in UL grant indicate starting interlace index and number of contiguous interlace indices (RIV)
If NR-U in Rel-16 only supports the contiguous LBT sub-band allocation for selected LBT sub-band allocation, it should be further consider to indicate the combination of contiguous LBT sub-bands allocation by using joint indication in one frequency domain RA field in UL grant in order to indicate both RA for interlaced PUSCH transmission and a combination of contiguous LBT sub-bands together. As shown in the Table 1, the joint indication can save a large number of states in the RIV to allocate both RA for interlaced PUSCH transmission and a combination of contiguous LBT sub-bands, compared with the simple indication of LBT sub-band using bitmap. In addition, the DCI overhead can also be reduced when one UL BWP consists of 5 or more LBT sub-bands.
Table 1. Comparison between joint indication and bitmap for selected LBT sub-band allocation
	
	# of interlaced
	# of LBT sub-bands in a BWP
	# of combination for contiguous LBT sub-bands
	Total # of states for joint indication
(Total # of bits for joint indication in DCI)
	In case of bitmap for LBT sub-bands,
(Total # of bits for RA in DCI)

	15kHz SCS
	10
	2 / 4 / 6 / 8
	3 / 10 / 21 / 36
	165 / 550 / 1155 / 980
(8 / 10 / 11 /11) bits
	
(8 / 10 / 12 / 14) bits

	30kHz SCS
	5
	2 / 4 / 6 / 8
	3 / 10 / 21 / 36
	45 / 150 / 315 / 540 
(6 / 8 / 9 / 10) bits
	
(6 / 8 / 10 / 12) bits


· Proposal 5: We propose to consider using joint indication in one frequency domain RA field on UL grant to indicate both RA for interlaced PUSCH transmission and a combination of contiguous LBT sub-bands for selected LBT sub-band allocation when a UE is configured with multiple of 20MHz as an UL BWP.

PRACH Enhancement
During study item phase, it was captured in the TR 38.889 [6] that multiple PRACH resources across multiple LBT sub-bands/carriers can be configured for both contention-free and contention-based RA to provide the flexibility in NR-U as frequency domain enhancement for PRACH transmission. In addition, even when LBT is successful on the multiple LBT sub-band/carriers, it seems beneficial that a single opportunity among multiple PRACH resources is allowed to transmit the PRACH preamble for efficient resource utilization and collision avoidance between different channels for multiple UEs. As a rule to select one of multiple PRACH resources, several methods such as based on the lowest BWP index, Pcell or pScell priority and the lowest serving cell index can be considered, and it should be further investigated under this WI phase.
· Proposal 6: Depending on LBT outcome on multiple LBT sub-bands/carriers, even when LBT is successful on the multiple LBT sub-band/carriers, it seems beneficial that a single opportunity among multiple PRACH resources is allowed to transmit the PRACH preamble for efficient resource utilization and collision avoidance between different channels for multiple UEs.
[bookmark: _GoBack]Conclusion
In this contribution, we have discussed UL channel design for NR-U operation and we summarize our view as follows. 
· Proposal 1: We propose to simply apply sequentially ascending (i.e.  = 1) or sequentially descending (i.e.  = 11) step size for the cyclic shift across PRBs in the UL interlaced resources, where m0 and mcs are determined by a UE for computing a value of cyclic shift alpha as in Rel-15.
· Proposal 2: It should be discussed how to increase UE multiplexing capacity, especially, for RB-interlaced structure with enhancement of PUCCH format 0 and 1.
· Proposal 3: We propose to consider RB-interlaced PUCCH in which different UEs can be multiplexed with OCC length-N in the frequency domain between consecutive RBs of one full interlaced RBs, while reusing the PUCCH format 0 or 1 used in Rel-15 NR.
· Proposal 4: We propose to support Alt-2 in which 6 bits frequency domain RA field in UL grant indicate starting interlace index and number of contiguous interlace indices (RIV)
· Proposal 5: We propose to consider using joint indication in one frequency domain RA field on UL grant to indicate both RA for interlaced PUSCH transmission and a combination of contiguous LBT sub-bands for selected LBT sub-band allocation when a UE is configured with multiple of 20MHz as an UL BWP.
· Proposal 6: Depending on LBT outcome on multiple LBT sub-bands/carriers, even when LBT is successful on the multiple LBT sub-band/carriers, it seems beneficial that a single opportunity among multiple PRACH resources is allowed to transmit the PRACH preamble for efficient resource utilization and collision avoidance between different channels for multiple UEs.
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