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[bookmark: _Ref124671424][bookmark: _Ref71620620][bookmark: _Ref124589665][bookmark: _Ref129681832]Introduction
This document summarizes the contributions made under the “UL Signals and Channels” agenda item of the Rel-16 study item on NR-based access to unlicensed spectrum. Section 2 discusses general UL design aspects including aspects related to interlacing for UL channels. Section 3, 4, and 5 discusses design of PUCCH, PRACH, and SRS specifically. In each section, open issues are listed, and for each issue, alternatives are identified including individual company view/position. In some cases, proposals are made.
The intention of the proposals is to have a starting point for offline discussions. During such discussions, it may not be possible to agree on a single alternative. However, from a SI perspective, what is important is that TR captures what alternatives have been identified, design feasibility, spec impact, etc.
[bookmark: _Ref522220180]General UL Design Aspects
Number of interlaces and PRBs per interlace
Description:
The following two agreements were made in RAN1#94 regarding interlace design:

Agreement:
· It has been identified as beneficial to support a block-interlaced structure in which the number of interlaces (M) decreases with increasing SCS, and the nominal number of PRBs per interlace (N) is similar for each SCS (in a given bandwidth) at least for 15 and 30 kHz SCS, and potentially 60 kHz depending on supported interlace design
· FFS: M and N for each supported SCS
· FFS: 60 kHz in case a sub-PRB interlace is introduced

Agreement:
· From a RAN1 perspective it has been identified that supporting a non-uniform interlace structure in which the number of PRBs per interlace is allowed to be different for different interlaces is beneficial from a spectrum utilization point of view
· FFS: Exact number of PRBs per interlace for supported value(s) of M and N
· Note: M is the number of interlaces and N is the nominal number of PRBs per interlace in a given bandwidth
· FFS: Whether or not there are issues in the interlace design in the resource allocation to 2^n1*3^n2*5^n3 in the case of DFT-s-OFDM

Several contributions have suggested values for M and N within a 20 MHz bandwidth. Some companies have pointed out that N should be chosen to be “friendly” to DFT-s-OFDM implementation. Deciding on exact numbers is better left to the WI phase, but at least some alternatives can be listed in the TR. One company has identified possible impact of the non-uniform interlace structure agreed last meeting on MPR/A-MPR requirements for PUSCH.

	Company(s)
	View/position

	Huawei
	In 20 MHz channel: For 15 kHz: M = 10, N = {10,11}; for 30 kHz: M = 5, N = {10,11}; and for 60 kHz: M = 2, N = 12

	Intel
	In 20 MHz channel: N = 12 for 15/30/60 kHz with e.g., M = 8/4/2. Additional REs can be assigned to subset of interlaces.

	LG
	In 20 MHz channel: M = 10/5 for 15/30 kHz

	Nokia
	In 20 MHz channel: M = 10/5, N = 10 for 15/30 kHz; M = 5, N =10 ½ PRBs for 60 kHz
Ask RAN4 to investigate the feasibility of non-uniform interlace structure for PUSCH in terms of MPR/A-MPR

	Samsung
	In 20 MHz channel: For 15 kHz: M = 12, N = {8,9}; for 30 kHz: M = 6, N = {8,9}; for 60 kHz: M = 3, N = 8.

	Spreadtrum
	In 20 MHz channel: For 15 kHz: M = 10, N = {10,11}; for 30 kHz: M = 5, N = {10,11};

	Ericsson
	In 20 MHz channel: For 15 kHz: M = 10, N = {10,11}; for 30 kHz: M = 5, N = {10,11}

	Mediatek
	In 20 MHz channel: For 15 kHz: M = 10, N = {10,11}; for 30 kHz: M = 5, N = {10,11}; for 60kHz: M = 2, N = 12

	
	

	
	



Text Proposal for TR:
· Within a 20 MHz bandwidth, the following candidate PRB-based interlace designs have been identified where M is the number of interlaces and N is the nominal number of PRBs per interlace in a 20 MHz bandwidth. Where two values are listed for N, it means that some interlaces have one more PRB than others (non-uniform interlace design):
· 15 kHz:
· M = 12, N = 8 or 9
· M = 10, N = 10 or 11
· M = 8, N = 12 or 13
· 30 kHz:
· M = 6, N = 8 or 9
· M = 5, N =  10 or 11
· M = 4, N = 12 or 13
· 60 kHz:
· M = 4, N = 6
· M = 3, N = 8
· M = 2, N = 12
· Ask RAN4 to investigate whether or not the non-uniform interlace structure has an impact on MPR/A-MPR requirements for PUSCH

Sub-PRB Interlacing for 60 kHz SCS
Description:
In RAN1#94, the following agreement was made

Agreement:
· For scenarios in which a block-interlaced waveform is used for UL transmission, a PRB-based block-interlace design has been identified as beneficial at least for 15 and 30 kHz SCS, and potentially for 60 kHz SCS
· Link budget limited cases with given PSD constraint
· It is observed that power boosting gains decrease with increasing SCS
· As one option to efficiently meet the occupied channel bandwidth requirement
· Comparatively less specification impact than Sub-PRB interlace design 
· Design for 60 kHz requires further discussion, e.g., sub-PRB vs. PRB-based block interlace designs
· The following has been observed for sub-PRB block interlace designs
· In some scenarios sub-PRB interlacing can be beneficial in terms of power boosting
· FFS: scenario details, e.g., small resource allocations
· Sub-PRB interlace design has at least the following specification impact:
· Reference signal design (e.g., DMRS)
· Channel estimation aspects
· Resource allocation

The highlighted part indicates that sub-PRB vs. PRB-based block interlace design requires further discussion and identifies specification impact. Several contributions make proposals on whether or not sub-PRB interlacing should be supported. Some companies argue that sub-PRB interlacing is not needed, since the power boosting potential is available only for small resource allocations. Other companies argue that the specification impact is not a concern.  There is no consensus on this yet.

Alternatives:
· Alt-1: Support sub-PRB interlacing for 60 kHz SCS
· Alt-2: Do no support sub-PRB interlacing

	Company(s)
	View/position

	OPPO
	Alt-1

	Huawei
	Alt-2

	LG
	FFS on Alt-1 vs. Alt-2

	Lenovo, Motorola
	Alt-2. FFS on Alt-1

	Mediatek
	Alt-2. Use CDM or TDM instead to achieve power boosting

	Nokia
	Alt-1. Restrictions on what DMRS type depending on sub-PRB size

	Panasonic
	Alt-1. Restrictions on what DMRS type depending on sub-PRB size

	Qualcomm
	Alt-1

	Samsung
	Alt-2

	ZTE
	Alt-2

	Vivo
	Alt-2

	Ericsson
	Alt-2



Text Proposal for TR:
· Sub-PRB interlacing for 60 kHz has been studied, and the following aspects have been considered:
· Power boosting potential depending on resource allocation size
· PUSCH DMRS configuration aspects
· Channel estimation performance
· Number of REs per interlace unit
· Consensus on whether or not sub-PRB interlacing for 60 kHz should be supported has not been achieved

DFT-s-OFDM waveform
Description:
Several contributions have discussed whether or not DFT-s-OFDM is beneficial for NR-U. Some companies argue that it is needed for coverage and maintenance of lower PAPR/CM. However, other companies point out that the use of an interlace design degrades the PAPR/CM, so the benefits of DFT-s-OFDM are reduced. One company observes a performance degradation of PUCCH when operating with DFT-s-OFDM. Consensus on this issue has not been achieved. Some companies have pointed out that the number of PRBs per interlace N needs to be specified to be “friendly” to DFT-s-OFDM, i.e., N should be able to be factored as 2^n1*3^n2*5^n3 where n1, n2, n3 are integers >= 0.

Alternatives:
· Alt-1: DFT-s-OFDM supported for PUSCH/PUCCH
· Alt-2: Usage of DFT-s-OFDM should be restricted
· Alt-3: DFT-s-OFDM not supported

	Company(s)
	View/position

	OPPO
	Alt-1

	Huawei
	Alt-2

	LG
	Alt-1

	NEC
	Alt-1/2 

	Nokia
	Alt-3?

	Qualcomm
	Alt-1

	Samsung
	Alt-1

	Ericsson
	Alt-2 considering that PUCCH performance negatively impacted due to use of DFT-s-OFDM

	Mediatek
	Alt-2

	
	



Text Proposal for TR:
· The use of DFT-s-OFDM for NR-U has been studied considering the following aspects
· Impact of interlace structure on PAPR/CM
· Impact on DFT implementation of the number of PRBs per interlace N
· Coverage
· Performance of PUCCH
· A majority of companies propose that DFT-s-OFDM is beneficial for NR-U; however, some companies propose that the usage of DFT-s-OFDM should be restricted due to negative impact on some of the above aspects.

Interlace design for wideband (> 20 MHz) carriers 
Description:
Several contributions have discussed how to define interlaces for carrier bandwidths greater than 20 MHz. Essentially, two alternatives have been identified: one in which the interlace spacing is the same across the whole carrier and another where the interlaces are defined on a per 20 MHz basis with possible discontinuities in the interlace spacing across 20 MHz boundaries. Some companies argue that the first alternative is beneficial considering users configured with overlapping bandwidth parts. Other companies argue that the second alternative is beneficial due to the use of sub-band (20 MHz) LBT. Sub-band vs. wideband LBT requires further discussion in the Frame Structure agenda item.

[image: ]
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Alt-2
Example of 30kHz SCS, 40MHz bandwidth, number of interlaces M=10 (source: R1-1810587)

Alternatives:
· Alt-1: Same interlace spacing for all interlaces regardless of carrier BW
· Alt-2: Interlacing defined on a sub-band (20 MHz) basis. (Note: Possible interlace spacing discontinuity at edges of sub-band). 

	Company(s)
	View/position

	Fujitsu
	Alt-2

	Oppo
	Alt-2

	Huawei
	Alt-1

	Interdigital
	Alt-1

	Nokia
	Alt-2

	Qualcomm
	Alt-1

	WILUS
	Alt-2

	Ericsson
	Alt-1

	Mediatek
	Alt-1

	
	



[bookmark: _Hlk526495842]Text Proposal for TR:
· For carriers with bandwidth larger than 20 MHz, two candidate interlace designs have been identified.
· Alt-1: Same interlace spacing for all interlaces regardless of carrier BW
· Alt-2: Interlacing defined on a sub-band (20 MHz) basis. (Note: Possible interlace spacing discontinuity at edges of sub-band). 
· The selection of which candidate to support depends at least on whether or not sub-band (20 MHz) vs. wideband LBT is supported.

Sub-band vs. wideband LBT for UL wideband (> 20 MHz) carriers
Description:
In RAN1#92b, the following agreement was made:

Agreement:
· Study possible enhancements for HARQ operation 
· Study changes needed for Configured Grant support in NR-U
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) 
in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer  
multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.
· …

The highlighted part indicates that for wideband (> 20 MHz) carriers, it is FFS on the details on how to perform LBT. Two alternatives have been discussed: (1) sub-band LBT where LBT is separately performed on each 20 MHz “chunk” of the BWP and transmission occurs selectively on chunks that pass LBT; (2) LBT is performed over the whole BWP, and transmission occurs on the whole BWP or not at all. Generally, this topic should be treated in the Frame Structure agenda item. However, since several companies have raised the issue in their contributions, it can be further discussed whether or not there are UL-specific issues that should be highlighted.

Alternatives:
· Alt-1: Wideband LBT
· Alt-2: Sub-band LBT (Sub-band = 20 MHz)

	Company(s)
	View/position

	Fujitsu
	Alt-2

	Huawei
	Alt-2, and Alt1 when there is no narrow band interference 

	NEC
	Alt-2

	Samsung
	Alt-2

	Spreadtrum
	Alt-2. With rate matching/puncturing in subbands + CBG configuration

	Ericsson
	Alt-1 due to RAN4 related issues on (C)ACLR requirements and intra-BWP guard bands

	Mediatek
	Alt-2

	NTT DOCOMO
	Alt-2

	
	

	
	



Proposal:
· Further offline discussion is required in the Frame Structure agenda item on wideband operation, unless UL-specific issues are identified here.

PUCCH Design
Supported Legacy PUCCH formats
Description:
The following agreement was made in RAN1#93:

Agreement:
· An interlaced waveform can have benefits in some scenarios including
· Link budget limited cases with given PSD constraint
· As one option to efficiently meet the occupied channel bandwidth requirement. 
· A waveform contiguous in frequency may be adequate in some scenarios
· To inherit legacy contiguous allocation designs.
Note: It is RAN1’s understanding that the temporal allowance of not meeting occupied channel bandwidth by regulation can be exploited if the minimum bandwidth requirement, e.g., 2 MHz, is satisfied.

Agreement:
· Support for Rel-15 NR PUCCH formats can be considered. Exclusion of the support of certain formats is to be identified. 
· Note: It is RAN1’s understanding that certain formats do not meet the minimum bandwidth requirement by regulation. 
· It is identified that block-interlaced based PUSCH can be beneficial. 
· It is beneficial to use the same interlace structure for PUCCH and PUSCH. 
· The following aspects can be considered for interlace waveform based PUCCH design:
· Flexible number of OFDM symbols
· Flexible payload size
· User multiplexing
· Number of formats

As highlighted above, the open issue is that support of certain format to be excluded for unlicensed operation is to be identified. Multiple companies have pointed out that certain existing formats do not satisfy the minimum 2 MHz bandwidth for any numerology since only a single PRB may be configured for these formats (PF0,1, and 4). In this section, the focus is on what legacy formats are to be excluded assuming no modifications/enhancements are made. This is in-line with the above agreement where it is stated that “A waveform contiguous in frequency may be adequate in some scenarios in which case legacy contiguous allocation designs are inherited”. In the next section the focus is on modified/enhanced PUCCH formats considering an interlaced waveform. 

Alternatives:
· Alt-1: Support only PF2,3 for unlicensed operation. Restrict the configuration to a sufficient number of PRBs to satisfy the minimum temporal allowance of 2 MHz.
· Alt-2: Support all PUCCH formats

	Company(s)
	View/position

	Huawei
	Alt-2?PF2,3,4

	Intel
	Further study if 0/1/4 are needed

	Lenovo, Motorola
	Alt-1? (PF 0/1/4 not supported)

	Nokia
	Alt-1

	Qualcomm
	Alt-2

	Sharp
	Alt-1

	Spreadtrum
	Alt-1

	ZTE
	Alt-1

	Vivo
	Alt-1

	Ericsson
	Alt-1



Text Proposal for TR:
· It has been identified that legacy PUCCH formats PF2 and PF3 are beneficial for NR-U due to the fact that they may be configured with bandwidth that meets the minimum temporal allowance of 2 MHz (12/6/3 PRBs for 15/30/60 kHz SCS).

Enhanced PUCCH formats
Description:
Multiple companies have provided views on enhancing PUCCH to support a block-interlaced structure. There appears to be reasonable consensus that both short and long PUCCH formats are needed, but there is less consensus about which PUCCH formats should be the starting point for enhancement. Some companies suggest introducing just one or two new PUCCH formats, while some other companies suggest that all PUCCH formats should be modified.

Several companies have discussed alternatives for the encoding of the UCI payload to be carried by an enhanced PUCCH format. Some companies that propose enhancing legacy PUCCH formats 0/1/4 (single PRB) propose that those formats can be extended to multiple PRBs by repetition of the coded bit. One company suggests applying different cyclic shifts for the different repetitions to control the PAPR. Other companies suggest that a legacy PUCCH format intended for payloads for 3 or more bits (PF2/3/4) can be modified to carry 1 or 2 bit payloads either by zero padding the 1 or 2 bit payloads or by extension of the encoder to small payloads. 

For a block-interlaced PUCCH design, there is a loss in multiplexing capacity due to spreading the PUCCH transmission across the band. To regain the lost multiplexing capacity, some form of code division multiplexing is needed in either the frequency domain, time domain, or both. Legacy NR PUCCH formats 1 and 4 support a limited degree of multiplexing. Several companies point out the need to extend this functionality for an enhanced PUCCH design based on block interlacing.

Alternatives:
· Alt-1: Design one enhanced short format and one enhanced long format
· Alt-2: Design single enhanced format with flexible duration
· Alt-3: Enhance all legacy NR PUCCH formats (PF0,1,2,3,4)
· Alt-3a: Enhance almost all legacy NR PUCCH formats (PF0,1,2,3)
· Alt-3b: Enhance only legacy short NR PUCCH formats (PF0,2)
· Alt-3c: Enhance legacy short PUCCH formats and one long format (PF0,1,4)

	Company(s)
	View/position

	CATT
	Alt-1. Short format based on PF2; long format based on PF3

	Huawei
	Alt-3enhance PF2,3,4

	Interdigital
	Alt-3

	LG
	Alt-3a

	Lenovo, Motorola
	Alt-1. Enhance PF2/3

	MediaTek
	Alt-1Alt-2?

	Nokia
	Alt-3. FDM RS/Data for short. TDM RS/Data for long. Separate formats for 1-2 bit and large payloads

	Panasonic
	Alt-3b

	Intel
	Extend encoder to handle small payloads (1-2 bits)

	Qualcomm
	Alt-3
Repetition of coded bits across PRBs of an interlace
For sequence based formats, use longer sequence across all PRBs

	Samsung
	Alt-1: Short format based on PF2; long format based on PF3 or 4

	Sharp
	Alt-1

	Spreatrum
	Alt-1

	WILUS
	Alt-3c

	ZTE
	Alt-1/Alt-3?

	Vivo
	Alt-1: Short format based on PF2; long format based on PF3
Extend encoder to handle small payloads (1-2 bits)

	Ericsson
	Alt-2
Extend encoder to handle small payloads (1-2 bits)
To support user multiplexing, OCCs for control data, cyclic shifts for RS

	Interdigital
	For PF4, apply OCC’s in both time and frequency across PRBs of an interlace

	NEC
	For PAPR control, use bit level or frequency sample level spreading for user multiplexing and PAPR control

	NTT DOCOMO
	Alt-3



Text Proposal for TR:
· It has been identified that enhancement of one or more of the legacy PUCCH formats for NR-U is needed to support interlace-based transmission in the UL. It has been identified that regardless of which legacy PUCCH formats are enhanced, it is beneficial to be able to configure PUCCH with both a short and long durations and both small and larger payloads. While consensus has not been achieved on which legacy PUCCH formats should be used as a starting point for enhancement, the following common aspects have been identified as important for the enhanced PUCCH format(s):
· Flexible number of OFDM symbols
· Configurable short and long duration
· Flexible UCI payload:
· Both small (1 or 2 bit) and larger (> 2 bit) payloads
· Coding of UCI payload, e.g.,
· Extend encoder to handle small payloads
· Repetition of coded bits across PRBs of an interlace
· Support for user multiplexing of both UCI payload and DMRS on an interlace, e.g.,
· OCCs
· Cyclic shifts
· Multiplexing method of UCI payload and DMRS, e.g,
· TDM 
· FDM
· Mechanism to control PAPR, e.g.,
· OCC cycling
· Bit level processing
· PRB level processing
· Performance aspects
· Required SNR to achieve a target BLER

PRACH Design
Frequency mapping of PRACH sequences
Description:

Three fundamental approaches have been identified for the frequency mapping of PRACH sequences:
· Non-uniform PRB-level interlace mapping 
· In this approach a PRACH sequence for a particular PRACH occasion is mapped to the PRBs of one or more of the interlaces in PUSCH/PUCCH interlace structure. Within a PRB, either all or a subset of REs are used. Different PRACH occasions are defined using an orthogonal set of PRBs from one or more same/different interlaces.
· It has been identified that an irregular mapping (non-equal spacing of PRBs/REs) in the frequency domain is beneficial to reduce the false peaks in the sequence cyclic auto-correlation function.
· Uniform RE-level interlace mapping 
· In this approach, a PRACH sequence for a particular PRACH occasion consists of a “comb-like” mapping in the frequency domain with equal spacing between all used REs. Different PRACH occasions are defined by way of different comb offsets.
· Since this approach does not fit with the common PUSCH/PUCCH interlace structure, one company suggests that only TDM multiplexing of PUSCH/PUCCH and PRACH should be supported. Another company suggests that puncturing/rate matching PUSCH/PUCCH around the used PRACH REs may be used. 
· Contiguous mapping 
· In this approach, a PRACH sequence for a particular PRACH occasion is mapped to a number of contiguous PRBs as in NR Rel-15.
· Some companies propose that to fulfill the minimum OCB requirement, that the PRACH sequence is repeated across the frequency domain.

Most companies have identified that the long PRACH sequence length defined in NR-Rel-15 (L = 839) is not useful for NR-U, since it is tailored more toward very large cells. However, when it comes to shorter sequence lengths, some companies wish to reuse the short sequence length (L = 139) defined in NR-Rel-15, whereas other companies suggest defining new sequence lengths depending on which of the 3 alternatives above is supported.

Deciding on which approach to specify should be left to the WI phase; however, the above alternatives can be listed in the TR. Additionally, some companies have studied a number of important aspects that need to be considered in the WI phase including PRACH capacity, max Tx power, PAPR/CM, multiplexing of PUSCH/PUCCH and potential puncturing/rate matching, etc.

Alternatives:
· Alt-1: Non-uniform PRB-level interlace mapping
· Alt-1a: Same as Alt-1, but with non-uniform mapping to a subset of REs within a PRB
· Alt-2: Uniform RE-level interlace mapping
· Alt-3: Contiguous mapping
· Alt-3a: Contiguous mapping with repetition in the frequency domain

	Company(s)
	View/position

	Apple
	Alt-2
TDM mux of PRACH with interlaced PUSCH/PUCCH

	CATT
	Alt-1
FDM mux of interlaced PRACH with interlaced PUSCH/PUCCH (common interlace structure)
Support legacy PRACH sequence length L = 139

	OPPO
	Alt-3/3a

	Huawei
	Alt-1/1a
Support new PRACH sequence lengths

	Intel
	Alt-3a
PUSCH/PUCCH rate matched/punctured on PRBs occupied by PRACH
Support legacy PRACH sequence length L = 139

	Interdigital
	Alt-2

	LG
	Alt-3a / Alt-1?. Further study required.

	DOCOMO
	Alt-3 /+ [Alt-1/Alt-1a? Further study needed]
Support new PRACH sequence lengths

	Nokia
	Alt-3/Alt-3a

	Panasonic
	Alt-1
Support legacy PRACH sequence length L = 139

	Samsung
	Alt-3
TDM mux of PRACH with interlaced PUSCH/PUCCH
Support legacy PRACH sequence length L = 139

	ZTE
	Alt-3a

	Vivo
	Alt-3

	Ericsson
	Alt-1
FDM mux of interlaced PRACH with interlaced PUSCH/PUCCH (common interlace structure)
Support legacy PRACH sequence length L = 139

	Qualcomm
	FDM mux of interlaced PRACH with interlaced PUSCH/PUCCH (common interlace structure)
Support legacy PRACH sequence length L = 139

	WILUS
	FDM mux of interlaced PRACH with interlaced PUSCH/PUCCH (common interlace structure)

	MediaTek
	Alt-3



Text Proposal for TR:
· The following 3 potential designs for PRACH for NR-U have been identified:
· Non-uniform PRB-level interlace mapping
· A PRACH sequence is mapped to the PRBs of one or more of the interlaces in the PUSCH/PUCCH interlace structure
· Within a PRB, the PRACH sequence values are mapped to either all or a subset of REs
· It has been identified that an irregular mapping (non-equal spacing of PRBs/REs) in the frequency domain is beneficial to reduce the false peaks in the sequence cyclic auto-correlation function
· Uniform RE-level interlace mapping
· A PRACH sequence is mapped to a set of equally spaced REs in the frequency domain
· Two candidates have been identified for multiplexing PRACH with the interlaces in the PUSCH/PUCCH interlace structure: (1) TDM multiplexing or (2) FDM multiplexing with rate matching/puncturing of PUSCH/PUCCH
· Contiguous mapping
· A PRACH sequence is mapped to a number of contiguous PRBs as in NR Rel-15
· It has been proposed by some companies that the PRACH sequence may be repeated across the frequency domain
· The following common aspects have been identified as important to consider in the decision of which PRACH design(s) should be supported
· Multiplexing of PRACH and the interlaces in the PUSCH/PUCCH interlace structure, e.g.,
· FDM
· TDM
· Potential puncturing/rate matching requirements depending on multiplexing type
· Supported PRACH sequence length(s)
· PRACH capacity
· Number of root sequences
· Number of cyclic shifts
· Number of PRACH occasions
· Maximum supported Tx power
· PAPR/CM
· Performance aspects
· Timing estimation error
· Miss-detection probability
· False-detection probability

PRACH Numerology
Description:
In legacy NR for FR1, 15 and 30 kHz SCS are supported for PRACH, whereas 60 and 120 kHz are supported for FR2. Several companies have provided views on what PRACH numerologies should be supported for NR-U in their contributions. More companies expressed their views in the feature lead summary from RAN1#94 [1]. At that time, there was a clear majority for supporting at least 15 and 30 kHz SCS for FR1. 

Alternatives:
· Alt-1: 15 kHz
· Alt-2: 30 kHz
· Alt-3: 60 kHz

	Company(s)
	View/position

	Nokia
	Alt-1, 2, [3]

	Panasonic
	Alt-1, 2, 3

	Samsung
	Alt-2

	Ericsson
	Alt-1, 2

	MediaTek
	Alt-2, 3

	NTT DOCOMO
	Alt-1, 2, 3

	Huawei, Hisilicon
	[bookmark: _GoBack]Alt-1,2,3

	
	

	
	

	
	



Text Proposal for TR:
· For NR-U operation in FR1, it has been identified that use of either 15 or 30 kHz SCS for PRACH is beneficial as in legacy NR. It has not been widely identified that 60 kHz SCS for PRACH is beneficial in FR1.

SRS design Aspects
Several companies provided views on SRS design, but compared to PRACH and PUCCH there was much less discussion. The main issues that have been discussed are the configuration of the SRS bandwidth of SRS, the time domain properties (periodic/aperiodic), and the location of an SRS resource within a slot. Very few companies have commented on a very basic element of SRS design for NR-U: interlacing vs. contiguous. Some companies have proposed that only wideband SRS (full CC/BWP) is supported; however, it is unclear if this is in the context of an interlaced design or a contiguous design. Further discussion is needed on these points.

Proposal:
· Further offline discussion on at least the following aspects of SRS design for NR-U:
· Potential modifications to the legacy NR design, including block interlacing
· SRS bandwidth
· Multiplexing of SRS with PUCCH/PUSCH/PRACH, e.g., from different users

Time domain configuration
Description:
Several companies have pointed out that aperiodic SRS is suitable for NR-U operation due to uncertainties on when the channel is available thus making periodic and semi-persistent SRS less useful. However, since all three types (aperiodic, periodic, and semi-persistent) are supported in NR Rel-15, it does not seem necessary to capture an agreement in the TR. If ap-SRS is beneficial, an implementation can ensure that only this type is configured.

It has also been identified that for operation in unlicensed spectrum, it may be beneficial to allow SRS to be transmitted at the beginning of a slot to eliminate potential gaps between LBT and SRS transmission

Alternatives:
· Alt-1: Front-loaded SRS allowed
· Alt-2: Front loaded SRS not allowed

	Company(s)
	View/position

	CATT
	ap-SRS suitable for unlicensed; p-SRS not suitable

	Intel
	Alt-2
ap-SRS only

	Nokia
	Alt-1

	Qualcomm
	Alt-1
No restrictions on p/sp/ap-SRS

	Samsung
	Alt-1
TDM multiplexing between SRS and other channels
Further study of p/sp/ap-SRS.

	ZTE
	ap-SRS suitable for NR-U

	Ericsson
	Alt-1
SRS ap-SRS beneficial for NR-U
SRS on same common interlace structure used for PUSCH/PUCCH

	
	

	
	

	
	



Text Proposal for TR:
· It has been identified as beneficial that SRS for NR-U can be located near the beginning of a slot, rather than only in the last 6 symbols of the slot as in NR Rel-15.
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R1-1810535	UL Physical Channel and Signal Design for NR Unlicensed Operations	CATT
R1-1810580	UL signals and channels for NR-U operation	Lenovo, Motorola Mobility
R1-1810587	On UL signals and channels design for NR-U	Fujitsu
R1-1810611	NR-U UL channels	Panasonic Corporation
 R1-1810614	On uplink signal and channel structures for NR-U	Nokia, Nokia Shanghai Bell
 R1-1810765	Enhancements to NR UL signals and channels for unlicensed operation	Intel Corporation
 R1-1810811	Discussion on UL Signals and Channels in NR-U	NEC
 R1-1810859	Uplink signal and channel design for NR-U	Samsung
 R1-1810957	Considerations on UL signals and channels for NR-U	Guangdong OPPO Mobile Telecom.
 R1-1811021	Discussion on UL signals and channels in NR-U	Spreadtrum Communications
 R1-1811121	On UL signals and channels for NR-U	Apple Inc.
 R1-1811149	UL channel and signal design for NR unlicensed operation	Sharp
 R1-1811203	Design aspects of NR-U uplink signals and channels 	InterDigital, Inc.
 R1-1811251	UL signals and channels for NR-U	Qualcomm Incorporated
 R1-1811300	On UL signals and channels	Ericsson
 R1-1811368	UL Signals and Channels for NR-U operation	NTT DOCOMO, INC.
 R1-1811452	Consideration on UL channel design for NR-U operation	WILUS Inc.
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