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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. Generally speaking, most of the submitted Tdocs contained similar (if not the same) content as RAN1#94b, since many of the topics under this agenda item were not discussed in the previous two meetings, e.g. PUCCH/PRACH/SRS design.
Please note:
On all of the open issues, I have updated individual company views if the corresponding Tdoc had a proposal. If there was no proposal, I left the company view as it was in the feature lead summary from last meeting. As such, please carefully check that your company view is captured accurately.
Recommendation:
Depending on the time available for offline discussion on this agenda item in Spokane, any of the below issues is open for further discussion to try to narrow down alternatives. However, if consensus cannot be reached, then it will be necessary to simply list the alternatives that have been identified in the SI and capture those in a text proposal for the TR. Please see a starting point for such a text proposal in Section 7. This can be adapted based on any progress that is made in offline discussions during the meeting.
	Area
	Issue
	Status

	General UL Design Aspects
	2.1 Number interlaces; PRBs/interlace
	Proposal

	
	2.2 Sub-PRB interlacing
	Offline discussion required
· Potential for agreement on prioritizing PRB-based design?

	
	2.3 DFT-s-OFDM waveform
	On-line agreement

	
	2.4 Interlace design for wideband
	Recommend to defer further discussion until progress is made in frame structure agenda item on single wideband carrier operation. Capture state of discussion in a TP:
Text Proposal – offline consensus

	
	2.5 Partial interlace allocation
	Offline discussion required

	PUCCH Design
	3.1 Legacy PUCCH formats
	On-line agreement

	
	3.2 Enhanced PUCCH formats
	Text Proposal for TR in Section 7.1 – offline consensus

	PRACH Design
	4.1 Frequency mapping of PRACH sequences
	Text Proposal for TR in Section 7.2 – offline consensus

	
	4.2 PRACH numerology
	Proposal

	SRS Design
	5.1 Time domain configuration
	
Proposal – offline consensus

	
	5.2 Frequency Mapping
	



[bookmark: _Ref522220180]General UL Design Aspects
Number of interlaces and PRBs per interlace
Description:
The following text appears in the TR [23], based on an agreement made in RAN1#94b:

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 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)
	SCS
	M
	N

	15 kHz
	12
	8 or 9

	
	10
	10 or 11

	
	8
	13 or 14

	30 kHz
	6
	8 or 9

	
	5
	10 or 11

	
	4
	12 or 13

	60 kHz
	4
	6

	
	3
	8

	
	2
	12

	60 kHz (assuming 26 PRBs is agreed by RAN4 in a 20 MHz bandwidth)
	4
	6 or 7

	
	2
	13

	
	3
	8 or 9



Several sources have expressed their preference for which option to support, and this is captured in the table below. One source proposes removing the options that assume 26 PRBs in a 20 MHz bandwidth due to that RAN4 has not made a decision on this. Some sources have pointed out that N should be chosen to be “friendly” to DFT-s-OFDM implementation. A majority of companies support M = 10/5 and N = {10,11} for 15/30 kHz SCS.

	Company(s)
	View/position

	Huawei
	For 15 kHz: M = 10, N = {10,11}; for 30 kHz: M = 5, N = {10,11}; and for 60 kHz: M = 2, N = 12 or M = 3, N = {8,9}

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

	LG
	M = 10/5 for 15/30 kHz

	Nokia
	M = 10/5, N = 10 for 15/30 kHz; M = 5, N =10 ½ PRBs for 60 kHz

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

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

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

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

	OPPO
	For 15 kHz: M = 8, N = {13,14}; for 30 kHz: M = 4, N = {12,13}; for 60 kHz: M = 2, N = 12.

	Lenovo, Motorola
	For 15 kHz: M = 10, N = {10,11}; for 30 kHz: M = 5, N = {10,11};

	Interdigital
	For 15/30/60 kHz: fixed number of PRBs per interlace, e.g., M = 12/6/3, min(N) = 8

	vivo
	Includes guard band PRB in interlace design and partial interlace is supported.
Remove the following text from the TR since RAN4 has not agreed on supporting 26 PRBs in a 20 MHz bandwidth for 60 kHZ SCS
· 60 kHz (assuming 26 PRBs is agreed by RAN4 in a 20 MHz bandwidth):
· M = 4, N = 6 or 7
· M = 2, N = 13
· M = 3, N = 8 or 9



Proposal:
· It has been identified that at least the following PRB-based interlace design is beneficial for NR-U:
· For 15 kHz: M = 10, N = {10,11}
· For 30 kHz: M = 5, N = {10,11}

Sub-PRB Interlacing for 60 kHz SCS
Description:
The following text appears in the TR [23], based on agreements made in RAN1#94 and RAN1#94b:

For sub-PRB block interlace designs, in some scenarios, sub-PRB block interlacing can be beneficial in terms of power boosting. However, the sub-PRB block interlace design has at least the following specification impacts: Reference signal design (e.g., DMRS); Channel estimation aspects; Resource allocation.

Both PRB and sub-PRB interlacing for 60 kHz have been studied. For sub-PRB interlacing 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

Several sources have provided views on whether or not sub-PRB interlacing should be supported. Some companies argue that sub-PRB interlacing should not be supported due to concerns on specification impact. Some companies argue that it 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 yet: 7 sources are not supportive of sub-PRB interlacing; 4 sources are supportive; and two sources suggest further study is needed.

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. # of sub-PRBs per interlace should have multiple of 12 REs

	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

	InterDigital
	Alt-2

	Intel
	Alt-2




Proposal:
· Further offline discussion
· Can there be consensus that the TR recommends prioritizing PRB-based interlace design in the WI?

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. 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. While there is no strict consensus, a majority of companies prefer to support DFT-s-OFDM for NR-U.

Alternatives:
· Alt-1: DFT-s-OFDM supported for PUSCH/PUCCH
· Alt-2: Usage of DFT-s-OFDM should be restricted
· Alt-3: CP-OFDM is primary waveform; DFT-s-OFDM is secondary WF option

	Company(s)
	View/position

	OPPO
	Alt-1

	Huawei
	Alt-2

	LG
	Alt-1

	NEC
	Alt-1

	Nokia
	Alt-3

	Qualcomm
	Alt-1

	Samsung
	Alt-1

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

	Mediatek
	Alt-2

	Panasonic
	Alt-1

	Lenovo, Motorola
	Alt 1

	vivo
	Alt-2 

	InterDigital
	Alt-1



Agreement in RAN1#95:
· It may be beneficial to apply restrictions on the use of DFT-s-OFDM in NR-U to avoid significant design efforts specific to operation in unlicensed spectrum.
Interlace design for wideband (> 20 MHz) carriers 
Description:
The following text appears in the TR [23], based on an agreement made in RAN1#94b:

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. This alternative uses Point A as a reference for the interlace definition
-	Alt-2: Interlacing defined on a sub-band (20 MHz) basis. (Note: Possible interlace spacing discontinuity at edges of sub-band).

Several sources have provided views on which alternative should be supported. For Alt-1, the interlace spacing is the same across the whole carrier. For Alt-2, the interlaces are defined on a per 20 MHz basis with possible discontinuities in the interlace spacing across 20 MHz boundaries. Some sources argue that Alt-1 is beneficial considering users configured with overlapping bandwidth parts. Other sources argue that Alt-2 is beneficial due to the use of sub-band (20 MHz) LBT. This issue has a dependency on the open issue being discussed in the Frame Structure agenda item where 4 options for single carrier wideband operation have been identified for the DL, with further down-selection in RAN1#95. It is FFS on whether some or all of the same options apply to the UL.

[image: ]
Alt-1
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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-1b: Same number of PRBs per interlace (N) 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-2

	Nokia
	Alt-2

	Qualcomm
	Alt-1

	WILUS
	Alt-2

	Ericsson
	Alt-1

	Mediatek
	Alt-1

	Intel
	Alt-1b (For carriers with bandwidth larger than 20 MHz, retain the same number of PRBs per interlace (N) for all interlaces regardless of carrier BW) Reference: R1-1813863 [revised version of R1-1812481]

	Panasonic
	Alt-2 for CA of multiple 20 MHz CCs. FFS for single CC wider than 20 MHz (wait for frame structure agenda).

	Lenovo/Motorola
	Alt-2

	LG
	Alt-1



Offline consensus:
· Agree to the following text proposal:

>>> Begin Text Proposal for Section 7.2.1.2 of 38.889 >>>
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. This alternative uses Point A as a reference for the interlace definition
-	Alt-2: Interlacing defined on a sub-band (20 MHz) basis. (Note: Possible interlace spacing discontinuity at edges of sub-band).
Additional candidates have been identified, but consensus has not been achieved, e.g., (1) for carriers with bandwidth larger than 20 MHz, retain the same number of PRBs per interlace (N) for all interlaces regardless of carrier BW; (2) Partial interlace allocation. Detailed design can be further discussed when specifications are developed depending on RAN4 input on wideband carrier operation.
>>> End Text Proposal >>>
Partial interlace allocation
Description:
Several sources have highlighted that a user can be allocated a partial interlace. This has not been discussed previously, but is a valid issue in the case where there is a large number of PRBs in an interlace, e.g., within a wideband carrier.

	Company(s)
	View/position

	Nokia
	· Support almost contiguous resource allocation based on UL Type 0/1.
· Interlaces designed for 20 MHz sub-band
· Support user multiplexing of wideband transmission based on almost contiguous allocation + 20 MHz interlaced allocation
· Support partial interlace allocation

	LG
	Support partial interlace allocation

	MediaTek
	Support partial interlace allocation

	Panasonic
	Support partial interlace allocation based on VRB-based mapping

	WILUS
	Support multiplexing of users onto same interlace for PUCCH (partial interlace allocation)

	vivo
	Inclusion of guard bands in interlaced structure design is needed if RAN4 identifies the need for guardbands (as discussed in LS to RAN4)

	
	

	
	

	
	

	
	



Proposal:
· Offline discussion on partial interlace allocation considering at least the following aspects:
· Which channels (PUSCH/PUCCH/PRACH/SRS)?
· Minimum bandwidth allocation?
· Dependency of CA vs. single wideband carrier operation?

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

	Intel
	Alt-1

	Lenovo, Motorola
	Alt-1

	Nokia
	Alt-1

	Qualcomm
	Alt-2

	Sharp
	Alt-1

	Spreadtrum
	Alt-1

	ZTE
	Alt-1

	Vivo
	Alt-1

	Ericsson
	Alt-1

	CATT
	Alt-1

	MediaTek
	Alt-1

	Samsung
	Alt-1

	InterDigital
	Alt-1




Agreement in RAN1#95:
· It has been identified that legacy PUCCH formats PF2 and PF3 are beneficial for NR-U for the scenario of contiguous allocations 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).
· It has been identified that legacy PUCCH formats PF0/1/4 are not well-suited for NR-U for the scenario of contiguous allocations since they support only single PRB.


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 propose that all formats are enhanced, an others propose that 2 or fewer are enhanced.

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, e.g., based on PF2/3
· Alt-2: Design single enhanced format with flexible duration
· Alt-3: Enhance three or more legacy NR PUCCH formats (PF0,1,2,3,4)

	Company(s)
	View/position

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

	Huawei
	Enhance PF2,3,4. For PF4, repeat single PRB. Apply PRB-specific processing to reduce PAPR.

	Interdigital
	Alt-3. Design of new sequences for PF0/1. PAPR/CM control for the extensions of PF2/3/4; include OCC; ; define a power-efficient format for 2-11 bits and define another format for large payloads

	LG
	Alt-3. Enhance PF 0/1/2/3

	Lenovo, Motorola
	Alt-1. Enhance PF2/3

	MediaTek
	Alt-1. Enhance PF2/3

	Nokia
	Alt-1. Define separate formats for short and long. Short format uses FDM between data and RS. Long format uses TDM between data and RS

	Panasonic
	Alt-3 (PF2, PF3) + PF0

	Intel
	Alt-1. Extend PF2 and 3
Extend encoder to handle small payloads (1-2 bits)

	Qualcomm
	Alt-3
Enhance PF0/1/2/3/4
For non-sequence-based formats: coding across all RBs
For sequence based formats: longer sequence across all RBs

	Samsung
	Alt-1: Short format based on PF2; long format based on PF3 or 4. CS/OCC for user-multiplexing

	Sharp
	Alt-1. Starting point is PF2/3

	Spreatrum
	Alt-1

	WILUS
	Alt-3. Enhance PF 0/1/4.

	ZTE
	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
	If enhanced PF0/1 adopted, use bit level or frequency sample level spreading for user multiplexing and PAPR control. Bit level rate matching with larger SF for enhanced PF4.

	NTT DOCOMO
	Alt-3



Offline consensus:
· Text Proposal in Section 7.1 is agreed

PRACH Design
Frequency mapping of PRACH sequences
Description:

Four fundamental approaches have been identified for the frequency mapping of PRACH sequences:
· Alt-0: Uniform PRB-level interlace mapping
· In this approach a PRACH sequence for a particular PRACH occasion is mapped to all of  the PRBs of one or more of the interlaces in the same PRB-based block interlace structure used for PUSCH/PUCCH. Within a PRB, either all or a subset of REs are used. Different PRACH occasions are defined using an orthogonal set of PRBs, or an orthogonal set of REs within the PRBs, from one or more same/different interlaces.
· It has been identified that a uniform mapping (equal spacing of PRBs) in the frequency domain produces a zero-autocorrelation zone, of which the duration is inversely proportional to the frequency spacing between the PRBs. If the receiver detection window is longer than the zero-autocorrelation zone, accurate time synchronization is not guaranteed.
· Alt-1: Non-uniform PRB-level interlace mapping 
· In this approach a PRACH sequence for a particular PRACH occasion is mapped to some or all of  the PRBs of one or more of the interlaces in the same PRB-based block interlace structure used for PUSCH/PUCCH. Within a PRB, either all or a subset of REs are used. Different PRACH occasions are defined using an orthogonal set of PRBs, or an orthogonal set of REs within the 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 PRACH preamble auto-correlation function.
· Alt-2: 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 source suggests that only TDM multiplexing of PUSCH/PUCCH and PRACH should be supported. Another source suggests that puncturing/rate matching PUSCH/PUCCH around the used PRACH REs may be used. 
· Alt-3: 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 sources 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-0: Uniform PRB-level interlace mapping
· 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: Same as Alt-3, but with repetition in the frequency domain

	Company(s)
	View/position

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

	CATT
	Support legacy PRACH sequence length L = 139

	OPPO
	Alt-3/3a

	Huawei
	Alt-0/1/1a
Allow new PRACH sequence lengths

	Intel
	Alt-3a. Repetitions are cyclically shifted and/or phase rotated.
PUSCH/PUCCH rate matched/punctured on PRBs occupied by PRACH
Support only legacy PRACH sequence length L = 139
Alt-3 when temporal 2 MHz BW is allowed by regulation.

	Interdigital
	Alt-2/Alt-3

	LG
	Alt-3a / Alt-0

	DOCOMO
	Alt-3 /  Alt-2
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 / Alt-3a

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

	Qualcomm
	Not clear which option

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

	MediaTek
	Alt-3

	Fujitsu
	Support only legacy PRACH sequence length L = 139 



Offline consensus:
· Text Proposal in Section 7.2 is agreed

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.

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
	Alt-1, 2, 3

	CATT
	Alt-1, 2

	InterDigital
	Alt-1, 2, 3

	Intel
	Alt-1, 2

	LG
	Alt-1, 2

	vivo
	Alt-1, 2



Proposal:
· For NR-U operation in sub-7 GHz, it has been identified that use of 30 kHz for PRACH is beneficial. Some sources have identified 15 kHz as a candidate, while other sources have identified 60 kHz as a candidate.

SRS Design
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.

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 is beneficial to have more flexibility in which OFDM symbols the SRS may be configure, i.e., not constrained to only the last 6 symbols of the slot. This can help reduce/eliminate potential gaps between LBT and UL transmissions (PUSCH/PUCCH/SRS).

Alternatives:
· Alt-1: Support additional starting symbols in slot for SRS resource

	Company(s)
	View/position

	CATT
	Alt-1

	Intel
	Alt-1
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
	Alt-1
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

	Spreadtrum
	ap-SRS beneficial

	vivo
	ap-SRS beneficial

	
	



Proposal:
· It has been identified as beneficial for NR-U to introduce flexibility in configuring/triggering SRS to be transmitted in OFDM symbols other than the last 6 symbols of a slot.
(see new proposal in next section)

SRS frequency mapping
Description:
A few sources have provided views on frequency mapping of SRS. Three companies have proposed that an interlaced waveform is introduced for SRS  to allow multiplexing with other channels. One company suggests that a minimum SRS bandwidth is introduced to satisfy temporal minimum occupied channel bandwidth regulations. Two companies propose support for legacy NR Rel-15 SRS design. Insufficient discussion has occurred so far in order to make a concrete proposal. 

	Company(s)
	View/position

	Nokia
	Allow FDM multiplexing of SRS with PUSCH/PUCCH – interlaced waveform for SRS?

	Intel
	For 15/30/60 kHz SCS, minimum sounding BW is 12/8/4 PRBs
Support Rel-15 legacy NR SRS as the baseline
For wideband SRS, support multiple SRS resource configurations in the frequency domain. UE performs LBT on each unit 20 MHz bandwidth within the sounding band and dynamically adapts SRS transmission bandwidth depending on LBT outcome

	Samsung
	Support legacy Rel-15 SRS mapping

	Spreadtrum
	Wideband and 20 MHz sub-band supported

	vivo
	Support interlaced waveform

	Ericsson
	Support interlaced waveform

	
	

	
	

	
	

	
	



Proposal:
· Further offline discussion required on frequency mapping of SRS

Offline consensus:
· It has been identified as beneficial for NR-U to introduce additional flexibility in configuring/triggering SRS compared to NR Rel-15. The following candidate enhancements have been discussed; design details can be further discussed when specifications are developed:
· Additional OFDM symbol locations for an SRS resource within a slot other than the last 6 symbols
· Interlaced waveform
· Additional flexibility in frequency domain configuration
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Enhanced PUCCH
>>> Begin Text Proposal for Section 7.2.1.2 of 38.889 >>>
When new block interlace waveform for PUCCH is to be defined, it is beneficial to use the same block interlace structure for PUCCH and PUSCH. For the block interlace waveform design for PUCCH, the following aspects can be considered:	Comment by Author: [Stephen Grant] This paragraph is superseded by the text proposal below
-	Flexible number of OFDM symbols
-	Flexible payload size
-	User multiplexing
-	Number of formats
It has been identified that enhancement of one or more legacy PUCCH formats is feasible to support block interlaced PUCCH transmission. There is consensus that enhanced PUCCH with both short and long duration is beneficial for NR-U; however, no consensus has been achieved about which legacy PUCCH format(s) should be the starting point for an enhanced PUCCH design. Some sources suggest introducing just one or two new enhanced PUCCH formats, while other sources suggest enhancing all or almost all legacy PUCCH formats (PF0,1,2,3,4). Regardless of which format(s) is(are) chosen as a starting point for enhancement, the following common aspects have been identified as important to consider in the detailed design of the enhanced PUCCH format(s) when specifications are developed:
· Flexible number of OFDM symbols
· Short duration, e.g., 1 or 2 OFDM symbols
· Long duration, e.g., 4 – 14 OFDM symbols
· Flexible UCI payload
· Small payload, e.g., 1 or 2 bit
· Larger payloads, e.g., > 2 bits
· Coding of UCI payload, e.g.,
· Extend legacy (NR Rel-15) PUCCH encoder to handle small payloads
· Repetition of coded UCI bits across PRBs of an interlace
· UCI Codebits over all PRBs, i.e. no repetition coding.
· Number of supported PUCCH formats
· Support for user multiplexing of both UCI payload and DMRS on an interlace, e.g.,
· OCCs
· Cyclic shifts
· FDM within an interlace
· 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
· Sequence hopping
· PUCCH waveform, e.g.,
· CP-OFDM
· DFT-s-OFDM
· Performance, e.g.,
· Required SNR to achieve a target BLER
· Required SNR to achieve target ACK to NACK rate, NACK to ACK rate and DTX to ACK rate
· Coverage considering CM/PAPR
>>> End Text Proposal >>>
Enhanced PRACH
>>> Begin Text Proposal for Section 7.2.1.2 of 38.889 >>>
It is identified that interlaced based PRACH can be beneficial. The following aspects can be considered for Interlace waveform based PRACH design for 4-step random access:	Comment by Author: [Stephen Grant] The following aspects can be considered for Interlace waveform based PRACH design for 4-step random access:
-	Interlacing based on PRB or REs
-	Targeted cell sizes
-	Targeted PRACH capacity
-	Targeted false alarm and detection rates
-	Targeted timing estimation accuracy
-	Number of formats
-	Multiplexing with other channels such as block interlaced PUCCH and PUSCH
It has been identified that enhancement of one or more legacy PRACH formats is feasible for NR-U. Four potential design alternatives, including no interlacing, have been identified for the frequency mapping of PRACH sequences for NR-U, where consensus on which one(s) to support for NR-U has not yet been achieved:
· Alt-1: Uniform PRB-level interlace mapping
· In this approach a PRACH sequence for a particular PRACH occasion is mapped to all of  the PRBs of one or more of the interlaces in the PRB-based block 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, or an orthogonal set of REs within the PRBs, from one or more same/different interlaces.
· It has been identified that a uniform mapping (equal spacing of PRBs) in the frequency domain produces a zero-autocorrelation zone, of which the duration is inversely proportional to the frequency spacing between the PRBs.
· Alt-2: Non-uniform PRB-level interlace mapping 
· In this approach a PRACH sequence for a particular PRACH occasion is mapped to some or all of  the PRBs of one or more of the interlaces in the same PRB-based block interlace structure used for PUSCH/PUCCH. Within a PRB, either all or a subset of REs are used. Different PRACH occasions are defined using an orthogonal set of PRBs, or an orthogonal set of REs within the 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 reduces the false peaks in the PRACH preamble auto-correlation function.
· Alt-3: 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 source suggests that only TDM multiplexing of PUSCH/PUCCH and PRACH should be supported. Another source suggests that puncturing/rate matching PUSCH/PUCCH around the used PRACH REs may be used. 
· Alt-4: Non-interlaced mapping 
· In this approach, a PRACH sequence for a particular PRACH occasion is mapped to a number of contiguous PRBs, same or similar to NR Rel-15.
· Some sources propose that to fulfill the minimum OCB requirement, that the PRACH sequence is mapped to a set of contiguous PRBs, and the PRACH sequence mapping is repeated across the frequency domain, potentially with guard RE(s)/PRB(s) between repetitions. For each repetition, a different cyclic shift or different base sequence may or may not be applied.

It has been identified that the long PRACH sequence length defined in NR Rel-15 (L = 839) is not beneficial for NR-U, since PRACH formats based on this length are tailored toward large cells not expected in an NR-U deployment. However, when it comes to shorter sequence lengths, some sources propose reusing the short sequence length (L = 139) defined in NR-Rel-15, whereas other sources propose defining new sequence lengths depending on which of the 4 alternatives above is supported.
It has been identified that the following common design attributes need to be considered in the detailed design of an interlaced PRACH waveform for 4-step random access for NR-U when specifications are developed:
· Multiplexing of PRACH and PUSCH/PUCCH, considering block interlaced structure used for PUSCH/PUCCH, e.g.,
· FDM
· TDM
· Supported PRACH sequence and PRACH sequence length(s)
· PRACH capacity
· Number of PRACH preambles per cell
· Number of root sequences
· Number of cyclic shifts
· Number of PRACH occasions
· Maximum supported Tx power
· PAPR/CM
· Number of PRACH formats
· Simulation assumptions for evaluation of performance, e.g.,
· Single vs. multi-cell assumptions
· Performance metrics
· Timing estimation error
· Miss-detection probability
· False-detection probability
· False-alarm probability

>>> End Text Proposal >>>
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