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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. Section 2 discusses general aspects related to an interlaced design for UL channels. Section 3, 4, and 5 discusses design of PUCCH, PRACH, and SRS specifically. In all sections, open issues are listed, and for each issue, alternatives are identified including individual company view/position. In some cases, proposals are made.
[bookmark: _Ref522220180]General Interlace Design Aspects
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.

Given that an interlaced structure has been identified to be beneficial, many of the contributions have discussed general interlace design aspects. The following sections summarize the open issues identified so far.
Unified Interlace Design
Description:
The following agreement was made in RAN1#93:

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

The highlighted part indicates that it is beneficial to have a common block-interlaced design for both PUSCH and PUCCH. Several companies have also identified that the same common underlying interlace structure should be used for PRACH as well. The motivation is for ease of multiplexing various signals either from the same or different users.

Alternatives:
· Alt-1: Common block-interlace structure at least for PUSCH / PUCCH / PRACH
· Alt-2: Common block-interlace structure at least for PUSCH / PUCCH

	Company(s)
	View/position

	Apple
	Alt-2?

	Huawei
	Alt-1 (PRACH is tone-interlaced within the block interlace structure)

	Intel
	Alt-1

	Qualcomm
	Alt-1

	Samsung
	Alt-2

	Ericsson
	Alt-1

	Vivo
	Alt-2. For PRACH design, reuse the Rel-15 PRACH design is preferred (i.e. contiguous in frequency) in order to avoid redesign of PRACH transmissions. Potential repetition PRACH transmissions over frequencies can be considered to meet the OCB requirement

	InterDigital
	Alt-2

	Sequans
	Alt-1

	LG
	Alt-2 (Further discussion is needed on the benefits when having common block-interlace structure between PRACH and other UL channels.)

	Nokia
	Alt-2 (Further discussion is needed on the benefits when having common block-interlace structure between PRACH and other UL channels.)

	ZTE
	Alt-2



Proposal:
· Support common block-interlaced structure at least for PUSCH, PUCCH, and PRACH
· FFS: Mapping of PRACH sequences within block-interlace structure


Offline Consensus:
· For scenarios in which a block-interlaced waveform is used for PUCCH/PUSCH, it has been identified that from FDM-based user-multiplexing standpoint it can be beneficial to have UL channels on a common interlace structure, at least for PUSCH, PUCCH, associated DMRS, and potentially PRACH
· Note: This is only from a user-multiplexing perspective. Other aspects of PRACH design need to be considered, i.e.,  timing estimation accuracy, miss detection rate, PAPR, RACH capacity, transmission power
· For scenarios in which a contiguous allocation is used, it is beneficial to reuse Rel-15 NR PRACH design
· FFS: Potential LBT blocking due to TA difference between FDM’d PUSCH, PUCCH, and PRACH


Offline Conclusion
It has been discussed offline whether or not both waveforms from NR Rel-15 should be supported for NR-U (DFT-s-OFDM and CP-OFDM). The following considerations were discussed:
· PAPR/CM considerations in an interlaced design
· Consider supported NR Rel-15 modulation orders
· DFT-s-OFDM in NR Rel-15 is limited to single layer transmission
· Complexity considerations for interlace design, e.g., restriction of allocation to number of PRBs equal to 2^n1*3^n2*5^n3
Companies are encouraged to consider this issue for further discussion next meeting



PRB vs. Sub-PRB Interlacing
Description:
Many companies have proposed designs for a block-interlaced structure, and two main alternatives have been identified depending on the numerology: PRB-based interlaces and sub-PRB based interlaces. It is the view of the moderator that the group should strive for as common a design as possible across different numerologies in order to avoid excessive specification complexity.

Alternatives:
· Alt-1: Interlace design for 15 kHz SCS
· A: PRB-based
· B: Sub-PRB
· Alt-2: Interlace design for 30 kHz SCS
· A: PRB-based
· B: Sub-PRB
· Alt-3: Interlace design for 60 kHz SCS
· A: PRB-based
· B: Sub-PRB

	Company(s)
	View/position

	Fujitsu
	Alt-       2B, 3B

	OPPO
	Alt-1A, 2A, 3B

	Huawei
	Alt-1A, 2A, 3A

	LG
	Alt-1A, 2A, 3A/B

	MediaTek
	Alt-              3B

	Nokia
	Alt-1A, 2B, 3B

	Panasonic
	Alt-              3B

	Qualcomm
	Alt-1A, 2A, 3B

	Ericsson
	Alt-1A, 2A, 3A

	NTT DOCOMO
	Alt-1A, 2A, 3B

	Vivo
	Alt-1A, 2A, 3A

	InterDigital
	Alt-1A, 2A, 3A

	Sequans
	Alt-1A, 2A, 3B

	Intel
	Alt-1A, 2A, 3A



Proposal:
· Support PRB-based block-interlace design at least for 15 and 30 kHz SCS
· FFS: Block interlace design for 60 kHz SCS

Interlace structure for different SCS
Description:
An important design aspect of a block-interlaced structure is the number of interlaces (M) and the “nominal” number of PRBs per interlace (N). By “nominal” it is meant that in some designs, the number of PRBs can be different for different interlaces to fit the total number of PRBs in the carrier (see Issue 2.4 below).

Alternatives:
· Alt-1: Number of interlaces (M) scales inversely with SCS; nominal number of PRBs/interlace (N) is similar for each SCS
· Alt-2: Fixed number of interlaces (M) for all SCS; nominal number of PRBs/interlace (N) scales inversely with SCS

	Company(s)
	View/position

	Huawei
	Alt-1

	Intel
	Alt-1

	LG
	Alt-1

	Nokia
	Alt-2

	Qualcomm
	Alt-1

	Ericsson
	Alt-1

	InterDigital
	Alt-1

	Sequans
	Alt-1

	
	

	
	

	
	



Proposal:
· Support a block-interlaced structure in which the number of interlaces (M) scales inversely with supported SCS and the nominal number of PRBs per interlace (N) is similar for each supported SCS
· FFS: M and N for each supported SCS

[bookmark: _Ref522201304]Uniform/non-uniform interlace design
Description:
As mentioned above, due to the RAN4 agreed number of PRBs for a given carrier bandwidth, e.g., 106/51/24 for 15/30/60 kHz SCS for a 20 MHz carrier, it is not possible to choose reasonable values of M and N that simultaneously achieve (1) full bandwidth utilization and (2) equal number of PRBs per interlace. Hence, two alternatives have been proposed each of which sacrifice one of these aspects. Alt-1 can achieve full bandwidth utilization at the expense of having a non-equal number of PRBs per interlace. Alt-2 achieves equal number of PRBs per interlace, at the expense of leaving some PRBs un-utilized.

Alternatives:
· Alt-1: Non-uniform design: number of PRBs in different interlaces can be different
· Alt-2: Uniform design: equal number of PRBs per interlace

	Company(s)
	View/position

	Fujitsu
	Alt-1

	Huawei
	Alt-1

	Intel
	Alt-1

	LG
	Alt-1

	Nokia
	Alt-2

	Ericsson
	Alt-1

	InterDigital
	Alt-1

	Sequans
	Alt-1

	
	

	
	



Proposal:
· Support a block-interlaced structure in which the number of PRBs per interlace is allowed to be different for different interlaces
· FFS: Exact number of PRBs per interlace for supported value(s) of M and N

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

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 agreement shown in Section 2 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

	CATT
	Alt-1

	Huawei
	Alt-2?

	Intel
	Alt-1 (but study if PF0,1,4 should be supported)

	Nokia
	Alt-1

	Spreadtrum
	Alt-1

	ZTE
	Alt-1 (but PF2 only)

	Ericsson
	Alt-1

	NTT DOCOMO
	Alt-2

	vivo
	Alt-1

	InterDigital
	Alt-1

	Sequans
	Alt-2

	LG
	Alt-1



Proposal:
· Support only legacy NR PUCCH Formats 2 and 3 for unlicensed operation in case a waveform contiguous in frequency is sufficient in certain scenarios
· Restrict the configuration to a sufficient number of PRBs to satisfy the minimum temporal allowance of 2 MHz

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. Further discussion is needed to narrow down the alternatives.


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-4: Design single enhanced short format 


	Company(s)
	View/position

	Huawei
	Alt-3: Modify PF2/3 to support interlacing. Modify 0/1/4 by repetition across PRBs. Support short (1 – 2 symbols) and long (4 – 14 symbol) formats.

	Interdigital
	Alt-1: Introduce at most 2 new PUCCH formats – one for quick response (PF0 like – interlaced, sequence based), one flexible for all other use cases (PF3/4 like)
Or, Alt 3 (As long as specification complexity is not excessive)

	LG
	Alt-1: Introduce interlaced design for PUCCH formats 0/1 and 2/3

	Nokia
	Alt-3: Enhance all legacy formats (PF0,1,2,3,4) to support interlace structure

	Qualcomm
	Alt-3: Enhance all legacy formats

	Samsung
	Alt-1: Need both short and long formats. Enhanced PF2 for short and enhanced PF3 or 4 for long. 

	Spreadtrum
	Alt-1: Need both short and long formats. Enhanced PF2 for short and enhanced PF3 for long

	WILUS
	Alt-1: Enhanced PF0,1

	ZTE
	Alt-4: Enhanced PF2

	Ericsson
	Alt-2: Introduce single new PUCCH format (PF3-like) with flexible duration

	vivo
	Alt-1: enhanced PF2 for short and enhanced PF3 for long.

	Sequans
	Alt-3

	Intel
	Alt-1: Enhance PF2/3 to support interlacing.



Proposal:
· Support both short duration and long duration enhanced PUCCH based on a block-interlace structure
· FFS: Number of enhanced PUCCH formats to support
· FFS: PUCCH format type(s) to support: sequence modulation (like PF0/1) vs. modulation of coded bits (like PF2/3/4)
· FFS: Supported Bandwidth

Coding aspects
Description:
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 bits (Alt-1). One company suggests applying different cyclic shifts for the different repetitions to control the PAPR (Alt-4). 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 by zero padding the information bits prior to encoding (Alt-3). Another company proposes that the encoding is extended to handle small payloads (Alt-2). Further discussion is needed to narrow down the alternatives, depending on what enhanced PUCCH formats are agreed to be supported.

Alternatives:
· Alt-1: Repetition of coded bits across PRBs of allocated interlace(s)
· Alt-2: Extend encoder to handle small payloads (1-2 bits) 
· Alt-3: Zero padding for PUCCH formats supporting 3+ bit payload to allow small payloads (1-2 bits)
· Alt-4: Repetition of coded bits across PRBs of allocated interlace(s) with different cyclic shifts per PRB

	Company(s)
	View/position

	Huawei
	Alt-1 (for PF0/1/4)

	Intel
	Alt-3 (for NR legacy format PF2/3)

	LG
	Alt-4 (for PF0/1) (However, the enhanced PUCCH format should be determined first in advance of discussing coding scheme.)

	NTT DOCOMO
	Alt-1 

	Samsung
	Alt-3

	Ericsson
	Alt-2

	InterDigital
	Alt-1 or Alt 4 (with a PAPR reduction method for 1-2 bits)

	Sequans
	Alt-2

	
	

	
	

	
	



Proposal
· FFS: Supported encoding scheme for enhanced PUCCH based on a block-interlace structure

User multiplexing
Description:
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. At least two companies point out the need to support similar functionality for an enhanced PUCCH design based on block interlacing.

Alternatives:


	Company(s)
	View/position

	Nokia
	Users can be allocated a partial interlace for PUCCH (FDM multiplexing of users)

	Samsung
	Introduce CDM, e.g., OCC, in freq/time for user multiplexing

	Ericsson
	OCC on control data in time/frequency domains, OCC on DMRS in time domain, and cyclic shifts of DMRS in frequency domain

	InterDigital
	For large payload support OCC on control data in time/frequency domains, OCC on DMRS in time domain. Support CDMA/cyclic shifts in time domain for short PUCCH

	Intel
	Support CDM (time/freq. domain OCC) for boosting UE multiplexing

	
	

	
	

	
	

	
	

	
	



Proposal:
· For enhanced PUCCH based on a block-interlace structure, support user multiplexing through use of OCCs and cyclic shifts on the UCI data and reference signals
· FFS: Supported OCC lengths in frequency domain or frequency + time domain
· FFS: Supported cyclic shifts


PRACH Design
Interlace structure
Description:

Two fundamental approaches have been identified for the design of an interlaced PRACH structure for NR-U. One is based on block interleaved FDM (B-IFDM) in which the PRACH sequence samples are mapped to blocks (e.g. PRB) distributed in the frequency domain. Both a uniform spacing and non-uniform spacing of the blocks has been discussed. Another approach is tone interlaced FDM (Tin-IFDM) in which the PRACH sequence samples are mapped to individual REs distributed in the frequency domain in a uniform manner. A third alternative is a hybrid of these two approaches (TinB-IFDM) in which the PRACH sequence samples are mapped to individual REs within the blocks of one interlaces of an underlying block-interlaced structure.

Alternatives:
· Alt-1: B-IFDM + non-uniform spacing of PRACH PRBs
· Alt-2: Tin-IFDM
· Alt-3: TinB-IFDM
· Alt-4: No interlacing (contiguous only)
· Alt-5: Frequency domain repetition of legacy PRACH

	Company(s)
	View/position

	Apple
	Alt-2

	Huawei
	Alt-3

	Nokia
	Alt-4

	Panasonic
	Alt-1

	Ericsson
	Alt-1

	NTT DOCOMO
	Alt-2

	Vivo
	Alt-4. Reusing of Rel-15 PRACH formats, consider repetition in frequency to meet the OCB requirement. 

	InterDigital
	Alt-2 (within a cluster of REs)

	Sequans
	Alt-2

	Intel
	Alt-1 with interlace designed commonly for PUSCH/PUCCH/PRACH

	LG
	Alt-1 (with uniform spacing of PRACH PRBs), Alt-5

	ZTE
	Alt-4



Proposal:
· Further discuss merits of different interlace structures for PRACH considering at least the following aspects
· Multiplexing with other signals channels of same/different users such as block interlaced PUCCH, PUSCH
· Supported formats considering targeted cell sizes
· PRACH capacity considering configuration of multiple PRACH occasions
· Performance: miss-detection probability, false alarm probability, timing estimation error

PRACH preamble sequence length
Description:

Legacy NR supports two PRACH preamble sequence lengths: 139 and 839. Generally, the long sequence length is targeted for larger cell sizes. One option for PRACH design is to adhere to the legacy design by preserving the already defined sequence length. Some companies suggest a re-design of PRACH for NR-U adopting new sequence lengths.

Alternatives:
· Alt-1: L = 139
· Alt-2: New sequences lengths defined, e.g., 53, 107, 163, 283, etc.
· Alt-3: Do not support L = 839

	Company(s)
	View/position

	CATT
	Alt-1

	Huawei
	Alt-2

	Intel
	Alt-1

	NTT DOCOMO
	Alt-2,3

	Nokia
	Alt-1,2

	Ericsson
	Alt-1,3

	Vivo
	Alt-1

	InterDigital
	Alt-1,2

	LG
	Alt-1

	
	



Proposal:
· Support at least PRACH sequence length L = 139
· FFS: Whether or not additional PRACH sequence lengths are needed

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. Based on this, two companies have provided views on what PRACH numerologies should be supported for NR-U.

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

	Company(s)
	View/position

	Samsung
	Alt-1,2,[3]

	Ericsson
	Alt-1,2

	NTT DOCOMO
	Alt-1, 2, [3]

	InterDigital
	Alt-1,2,[3]

	Intel
	Alt-1,2,[3]

	LG
	Alt-1, 2

	
	

	
	

	
	

	
	



Proposal:
· Support PRACH for NR-U at least for 15 and 30 kHz SCS
· FFS: PRACH for 60 kHz SCS

SRS design Aspects
Waveform design
Description:

Several companies provided views on SRS design, but compared to PRACH and PUCCH there was much less discussion. One aspect that was raised is that legacy NR SRS design allows SRS to be transmitted in only the last 6 symbols of the slot. However, 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.

	Company(s)
	View/position

	Samsung
	Either contiguous WB (as in eLAA) or interlaced. Extend legacy NR to allow front-loaded SRS.

	Qualcomm
	Rel-15 NR SRS can be used as a baseline. Extend legacy NR to allow front-loaded SRS.

	Spreadtrum Comm.
	Rel-15 NR SRS can be used as a baseline

	ZTE
	Rel-15 NR SRS can be used as a baseline. Support only wideband SRS.

	Ericsson
	Interlaced design

	InterDigital
	Rel-15 NR SRS can be used as a baseline.

	Intel
	Rel-15 SRS can be used as a baseline

	LG
	Rel-15 NR SRS can be used as a baseline.

	
	

	
	



Proposal:
· Further discuss at least the following aspects of SRS design for NR-U
· Potential modifications to the legacy NR design, including block interlacing
· Multiplexing of SRS with signals / channels of the same and different users including allowed OFDM symbols in a slot for SRS transmission

Periodicity/Timing
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.

	Company(s)
	View/position

	CATT
	Aperiodic SRS should be supported

	Samsung
	P-SRS and SP-SRS needs investigation. AP-SRS is Ok but detailed transmission procedure to be studied;
Location at the end of slot or after the PUSCH may not be desirable for efficient LBT

	Ericsson
	Aperiodic SRS should be supported

	InterDigital
	Aperiodic SRS should be supported

	Intel
	Aperiodic SRS should be supported.

	LG
	Aperiodic SRS should be supported

	
	

	
	

	
	

	
	



Proposal:
· Support aperiodic SRS for NR-U
· FFS: Whether or not to exclude periodic/semi-persistent SRS for NR-U
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