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[bookmark: _Toc535588806][bookmark: _Toc1970552][bookmark: _Toc5100795][bookmark: _Toc5596041][bookmark: _Toc5596355]1	Introduction
[bookmark: _Ref178064866]This document summarizes the contributions made under the “UL Signals and Channels” agenda item of the Rel-16 work item on NR-based access to unlicensed spectrum.
The NR-U WID [21] contains the following objectives related to this agenda item:
-	UL control including extension of PUCCH format(s) to support PRB-based frequency block-interlaced  transmission and use of Rel-15 NR PUCCH formats 2 and 3 for NR-U operation. Applicability of sub-PRB frequency block-interlaced transmission for 60kHz to be decided by RAN1.
-	UL data channel including extension of PUSCH to support PRB-based frequency block-interlaced transmission; support of multiple PUSCH(s) starting positions in one or multiple slot(s) depending on the LBT outcome with the understanding that the ending position is indicated by the UL grant; design not requiring the UE to change a granted TBS for a PUSCH transmission depending on the LBT outcome. The necessary PUSCH enhancements based on CP-OFDM. Applicability of sub-PRB frequency block-interlaced transmission for 60kHz to be decided by RAN1. 
-	SRS including the introduction of additional flexibility in configuring/triggering SRS in line with agreements during the study phase.
The following open issues have been identified. An asterisk (*) indicates that this is a prioritized topic for discussion.
2	PUCCH Design
2.1	Evaluation assumptions for enhanced PUCCH design	Proposal*
2.1	PUCCH Format Enhancement
2.1.1	Small payloads
2.1.2	DFT-s-OFDM vs. CP-OFDM for E-PF3
2.1.3	User-multiplexing for E-PF2 and E-PF3
2.1.4	PAPR control for block-interlaced PUCCH format(s) 
2.2	Discussion Points for PUCCH Format Enhancement	Further offline discussion required*
3	PUSCH Design
3.1	PUSCH resource allocation (RA) in the frequency domain	Further offline discussion required*
3.2	Multiple starting positions for scheduled PUSCH	Further offline discussion required
4	SRS Design
4.1	Additional OFDM symbol locations for SRS	Proposal*
4.2	SRS Waveform	Further offline discussion required
4.3	Triggering of aperiodic SRS	Further offline discussion required
5	UL Interlace Design
5.1	PRB interlace design for 60 kHz	Further offline discussion required
5.2	Interlace design for CBW > 20 MHz	Defer discussion

[bookmark: _Toc5100796][bookmark: _Toc5596042][bookmark: _Toc5596356][bookmark: _Toc535588812][bookmark: _Toc1970558]2	PUCCH Design
[bookmark: _Toc5596043][bookmark: _Toc5596357]2.1	Evaluation assumptions for enhanced PUCCH design
Description:
Since evaluations will be required for enhanced PUCCH design, it makes sense to agree on a common set of evaluation assumptions and reporting metrics, as was done in the Initial Access Signals and Channels AI for PRACH design. The below proposal is taken from [23], and is aligned as much as possible with the agreed evaluation assumptions and reporting metrics agreed for PRACH in the previous two meetings [24],[25]. Companies are encouraged to provide comments during RAN1#96b with the intent on agreeing on a final version by the end of the meeting.
	Company
	Comments

	Huawei
	It would be desirable to follow assumptions used for the PRACH:
Channel model: TDL-C
Delay scaling: 10 ns, 100 ns
Frequency offset: 0.05 ppm (fixed) at TRP, and 0.1 ppm (fixed) at UE

	
	

	
	

	
	

	
	



Agree on a common set of evaluation assumptions and reporting metrics for enhanced PUCCH design

Evaluation assumptions
	Property
	Value

	Carrier frequency
	5 GHz

	Channel model
	TDL-A

	Delay scaling
	30ns, 300 ns

	Antenna configuration at BS*
	(M,N,P) = (1,1,2) with omni-directional antenna element

	Antenna configuration at UE
	Single omni-directional antenna element

	Antenna port virtualization
	No beamforming and no beam selection

	Frequency offset
	0 ppm

	UE speed
	3 km/h

	Subcarrier spacing
	15/30 kHz (with other SCS optional)

	Number of code-division multiplexed users if applicable
	1 user, with other cases optional

	Interference assumption
	No inter-cell interference

	* See Table 7-1 of R1-1704144



Reporting metrics
	Parameter
	Value
	Notes

	Enhanced PUCCH Format
	
	e.g., E-PF0, E-PF1, E-PF2, E-PF3

	Number of OFDM symbols used for PUCCH resource
	
	e.g., 1, 2, 4, 14

	Number of RBs used for PUCCH resource (N_RB)
	
	At least 1 full interlace assumed
(Assume interlace design for 20 MHz carrier bandwidth as agreed in RAN1AH#1901 for 15kH and 30 kHz is used)


	Frequency domain OCC configuration details 
	
	Include length and type of OCC, mapping of OCCs to control symbols and reference (DMRS) symbols, OCC cycling (if applicable)

	Time domain OCC configuration details (if applicable)
	
	Include length and type of OCC, mapping of OCCs to control symbols and reference (DMRS) symbols

	Number of code-division multiplexed users
	
	1 user is assumed as baseline
Companies are to report other cases if evaluated

	Waveform
	
	e.g., CP-OFDM or DFT-s-OFDM

	PUCCH encoder type
	
	e.g., Reed Muller or Polar

	SCS
	
	15KHz, 30KHz

	Noise level, Np (dBm)
	
	Np = -174 + 10*log10(SCS*12*N_RB) + NF
NF = 5dB

	[bookmark: _Hlk5184969]Required SNR (dB)
	
	Required SNR needed to fulfil detection criterion(1), read from simulation curve

	Cubic Metric
	
	Note: Single value reported in dB

	P_max (dBm)
	
	Maximum allowed transmit power under PSD limit of 10dBm/MHz measured in any 1MHz chunk and considers the RBs used for the PUCCH resource

	Backoff (dB)
	
	Backoff is computed as the [cubic metric].
Note: If cubic metric is not used, information on the backoff metric used should be provided.

	P_TX (dBm)
	
	P_TX = min(P_max, 23- Backoff) is maximum allowed transmit power for the waveform considering backoff

	MCL (dB)
	
	MCL = P_TX – SNR – Np

	PUCCH payload size(s) (bits)
	
	If multiple payload sizes evaluated, then MCL to be plotted vs. PUCCH payload size

	PUCCH encoding rate(s)
	
	If multiple payload sizes evaluated, then multiple encoding rates to be reported (if applicable)

	(1) [bookmark: _Hlk5184979][bookmark: _Hlk5108029]Detection criterion assumes that the PUCCH payload consists of randomly drawn HARQ ACK/NACK bits and is defined as P(ACK to Error(2)) ≤ 1% and P(NACK to ACK) ≤ 0.1%
(2) Error is defined as NACK or DTX where the decision region for DTX is determined to ensure that the maximum P(DTX to ACK) ≤ 1% for the case when the input to the receiver is noise only.

Note:
· Definition of SNR to be reported with evaluation metrics



[bookmark: _Toc5596044][bookmark: _Toc5596358][bookmark: _Toc5100797][bookmark: _Toc1970562]2.1	PUCCH Format Enhancement
Description:
The following agreement was made in RAN1#96 for enhancements to at least two of the NR PUCCH formats, PF2 and PF3. In the following the notation E-PFx is used to denote enhanced PUCCH formats. 
Agreement:
· Support short and long PUCCH durations based on enhancements of at least Rel-15 PUCCH formats PF2 and PF3. The enhancements include at least the following aspects:
· For a 20 MHz carrier bandwidth, support mapping to physical resources of at least one full interlace
· Mechanism to support user multiplexing for both data and reference symbols of PUCCH
· The following aspects are FFS:
· Support for small payloads (1 and 2 bits)
· Alt-1: Support both small payloads and larger payloads (> 2 bits) for enhanced PF2 and enhanced PF3
· Alt-2: Small payloads are supported by enhanced PF0 and/or enhanced PF1
· Whether or not to replace DFT-s-OFDM with CP-OFDM for the enhanced PF3

[bookmark: _Toc5596045][bookmark: _Toc5596359]2.1.1	Small payloads
Description:
In the above agreement, one of the FFS items is what enhanced PUCCH format(s) shall be used to carry small (1 and 2 bit) payloads. Some companies prefer to introduce support of 1 & 2 bit payloads to interlaced PF2/PF3 by extending the encoder to support these payloads, e.g., by repetition or a simplex code. Other companies prefer to support an interlaced PF0/1 design and use that for carrying 1-2 bit payloads. Companies proposing interlaced PF0/1 suggest that this can be designed, for example, by repetition of PF0 across the PRBs of an interlace with some mechanism to control the PAPR due to repettion. There is no consensus on this issue yet, and more discussion is needed considering spec impact, existing UE procedures, and performance. 
Alternatives:
· Alt-1: Support both small payloads and larger payloads (> 2 bits) for enhanced PF2 and enhanced PF3
· Alt-2: Small payloads are supported by enhanced PF0 and/or enhanced PF1

	Company
	View/Position

	CAICT
	Alt-2. E-PF0 only

	Huawei
	Avoid 1-2 bits. If can not avoid, Repetition of PF0/PF1 over interlace?

	Intel
	Alt-1. Repetition or simplex code

	LG
	Alt-2. E-PF0 and E-PF1. Repetition of PF0 over interlace with different cyclic shifts for reach repetition. 

	Motorola/Lenovo
	Alt-1. Repetition or simplex code

	DOCOMO
	Alt-1

	Nokia
	Alt-2: E-PF0 based on Z-C sequence with cyclic shifts and OCC in time domain

	OPPO
	Alt-2: Repetition of PF0 in frequency domain.

	Panasonic
	Alt-1

	Qualcomm
	Alt-1: 1-bit payload uses zero padding to 11 bits; detailed proposal for 2-bit payload

	Samsung
	Alt-1

	Sharp
	Alt-1

	Spreadtrum
	Alt-2

	WILUS
	Alt-2. E-PF0 or E-PF1

	ZTE
	Alt-2. E-PF0 and/or E-PF1

	Vivo
	Alt-1

	Ericsson
	Alt-1

	
	



[bookmark: _Toc5100798][bookmark: _Toc5596046][bookmark: _Toc5596360]2.1.2	DFT-s-OFDM vs. CP-OFDM for E-PF3
Description:
Another open issue is whether or not to replace DFT-s-OFDM with CP-OFDM for E-PF3, since some companies point out that the PAPR/CM advantage that is typically offered by DFT-s-OFDM is lost when going to an interlaced transmission. There is no consensus on this topic yet, and further discussion is needed consider spec impact, performance, etc.
Alternatives:
· Alt-1: For E-PF3, replace DFT-s-OFDM with CP-OFDM
· Alt-2: Do not replace

	Company
	View/Position

	Intel
	Alt-2

	LG
	Alt-2

	MediaTek
	Alt-1

	Nokia
	Alt-2. Consider CP-OFDM if benefits demonstrated.

	Panasonic
	FFS whether Alt-1 or Alt-2. PUSCH based on CP-OFDM according to WID.

	Sharp
	Alt-2

	Qualcomm
	Alt-2

	Samsung
	Alt-2

	ZTE
	Alt-1

	Vivo
	Alt-1

	Ericsson
	Alt-1 

	Huawei
	Alt-1

	
	



[bookmark: _Toc535588817][bookmark: _Toc1970563][bookmark: _Toc5100799][bookmark: _Toc5596047][bookmark: _Toc5596361]2.1.3	User-multiplexing for E-PF2 and E-PF3
Description:
In the above agreement, it is agreed to support a mechanism to achieve user-multiplexing for both the data (UCI) and reference symbols (DMRS) of PUCCH; however, the details of the design are still open. As has been identified by many companies, quite a few different multiplexing options exist. It should be further discussed which ones are supported and for which PUCCH formats considering spec impact, existing UE procedures, performance, and trade-offs between user multiplexing and PUCCH payload. Both the frequency and time domain should to be considered as well as the mechanism for data (UCI) symbols vs. reference (DMRS) symbols.

Alternatives:
· Alt-1:

	Company
	View/Position

	Huawei
	Support configuration of no CDM

	LG
	Support flexible DMRS density, e.g., 2:1 and 1:1 (not fixed 2:1 as in PF2)
E-PF2: OCC2,4 for 2:1; OCC2,6 for 1:1
E-PF3: No CDM?

	Qualcomm
	E-PF2: OCC 2,4 in FD, OCC2 in TD
E-PF3: Pre-DFT OCC with block repetition over entire interlace. When OCC in time domain not configured, OCC cycling over SC-FDM symbols.

	Samsung
	E-PF2: F-CDM for UCI, T/F-CDM for DMRS
E-PF3: Pre-DFT CDM over whole interlace for UCI; F-CDM for DMRS

	Sharp
	E-PF2 and E-PF3: OCC at least in TD, possibily in FD

	vivo
	RE-level FDM multiplexing within PRB (comb-based FDM)

	WILUS
	E-PF0 or 1: OCC2 in FD across consecutive RBs

	Intel
	E-PF3: Support UE multiplexing. Pre-DFT OCC spreaad over whole bandwidth for data. Cyclic shifts on DMRS.

	Nokia
	E-PF2: OCC 2,4 in FD, OCC2 in TD
E-PF3: Pre-DFT OCC

	ZTE
	No enhancement of user multiplexing vs. NR Rel-15

	Ericsson
	E-PF2: Configurable OCC in frequency/time domains
E-PF3: Configurable OCC in frequency/time domains

	
	



[bookmark: _Toc535588819][bookmark: _Toc1970565][bookmark: _Toc5100800][bookmark: _Toc5596048][bookmark: _Toc5596362]2.1.4	PAPR control for block-interlaced PUCCH format(s)
Description:
Several companies have pointed out that PAPR control is needed when user multiplexing is introduced for some PUCCH formats, e.g., through some form of OCC cycling.

Alternatives:
· Alt-1:

	Company
	View/Position

	Samsung
	OCC cycling across PRBs

	Ericsson
	OCC cycling across (and potentially within) PRBs across an interlace for E-PF2 and E-PF3

	Qualcomm
	OCC cycling

	Huawei
	PRB-specific processing (e.g. scrambling, interleaving etc.)

	
	



[bookmark: _Toc5596049][bookmark: _Toc5596363]2.2	Discussion Points for PUCCH Format Enhancement
Based on the contributions, the proposed enhancements to existing PUCCH formats for NR-U vary quite significantly, and further offline discussion is needed to converge. The proposed enhancements range from simple repetition in the frequency domain to multiple options for user multiplexing, as well as the extension of payload range for UCI encoding. As stated earlier, it should be further discussed which multiplexing options are supported and for which PUCCH formats considering spec impact, existing UE procedures, performance, and trade-offs between user multiplexing and PUCCH payload. For future discussion, it will be helpful if companies ty to provide a complete picture of all PUCCH formats together from a capacity perspective with the goal of having an overall proper design for PUCCH. Based on that the following general proposal is made to facilitate future discussions in the work item.
Companies are encouraged to provide an overview of all proposed PUCCH formats to be supported in terms of multi-user multiplexing capacity and supported UCI payload range. 
· Note: To facilitate comparison, the metrics in the set of agreed PUCCH evaluation assumptions can be used. That includes at least assumptions on time and frequency resources as well as code division multiplexing (if applicable).
· Note: Companies are encouraged to summarize additional analysis on spec impact and UE procedures.

Further offline discussion is required on design of enhanced PUCCH formats structured as follows:
· Which PUCCH formats shall be enhanced to support interlaced mapping?
· PF2 (already agreed)
· PF3 (already agreed)



· PF0
· If supported, what interlace mapping and PAPR control mechanism is adopted?j
· Nokia: PF0 shall support interlacing, especially if DFT-s-OFDM is preserved for E-PF3 (reuse for E-PF0 design) 
· LG: Support interlacing. Concatenation of sequences + sequence hopping.
· Interdigital: Support interlacing. New sequence design
· Samsung: Do not support interlacing. E-PF2/3 with small payload is sufficient.
· [bookmark: _Hlk5632007]Huawei: If 1-2 bit payloads can be avoided, then no need to define E-PF0.Otherwise, interlaced PF0 can be supported.
· Sharp: E-PF2/3 sufficient
· Intel: E-PF2/3 sufficient
· Qualcomm: E-PF2/3 sufficient
· ZTE: E-PF2/3 sufficient
· Vivo: E-PF2/3 sufficient
· Fujitsu: PRACH sequences for E-PF0/1. E-PF2/3 may be sufficient
· Panasonic: Do not support interlacing. E-PF2/3 with small payload is sufficient
· MediaTek: E-P2/3 sufficient

· PF1
· If supported, what interlace mapping and PAPR control mechanism is adopted?
· Nokia: Interlacing not needed. E-PF0 sufficient
· Interdigital: Support interlacing. Similar design principles for E-PF1 as E-PF0
· LG: Support interlacing
· Samsung: Do not support interlacing. E-PF2/3 with small payload is sufficient
· Huawei: If 1-2 bit payloads can be avoided, then no need to define E-PF1.Otherwise, interlaced PF1 can be supported.
· Sharp: E-PF2/3 sufficient
· Intel: E-PF2/3 sufficient
· Qualcomm: E-PF2/3 sufficient
· ZTE: E-PF2/3 sufficient
· Vivo: E-PF2/3 sufficient
· Fujitsu: PRACH sequences for E-PF0/1. E-PF2/3 may be sufficient
· Panasonic: Do not support interlacing. E-PF2/3 with small payload is sufficient
· MediaTek: E-P2/3 sufficient
· 

Use cases for PF0/1:
· HARQ ACK feedback corresponding to MSG4 PDSCH reception “before” RRC connection establishment
· SR
· HARQ ACK fallback
· Support for large UE multiplexing capacity
· Capacity important for SR and ACK/NACK

E-PF2/3 sufficient because:
· Multiplexing via different interlaces

Offline consensus
For a 20 MHz carrier bandwidth, if E-PF0 and E-PF1 are supported, a mapping to physical resources of at least one full interlace is supported
FFS: Whether or not to support E-PF0/1 design.
Companies are encouraged to provide capacity and UCI payload analysis for enabling decision for relevant use cases














· Which enhanced PUCCH formats shall support 1-2 bit payloads?
· Related to above discussion point
· Options for user multiplexing for E-PF2
· No CDM
· FD-CDM2 and 4
· TD-CDM2 (for 2-symbol E-PF2)
· Options for multiplexing for E-PF3
· No CDM
· FD-CDM2 and 4 – simplest approach is to use similar framework as PF4
· FD-CDM6 – possible extension using similar framework as PF4
· Note: TD-CDM problematic due to non-contiguous DMRS
· Waveform for E-PF3
· Alt-1: CP-OFDM
· Alt-2: DFT-s-OFDM as in Rel-15

[bookmark: _Toc5100801][bookmark: _Toc5596050][bookmark: _Toc5596364]3	PUSCH Design
[bookmark: _Toc535588814][bookmark: _Toc1970560][bookmark: _Toc5100802][bookmark: _Toc5596051][bookmark: _Toc5596365][bookmark: _Toc535588813][bookmark: _Toc1970559][bookmark: _Hlk535468427]3.1	PUSCH resource allocation (RA) in the frequency domain
Description:
Several contributions discuss a few different aspects of PUSCH resource allocation. Now that an interlace design has been agreed, at least for 20 MHz carriers, this topic can now be discussed concretely. Several companies suggest using the same principle as LTE-eLAA (based on RIV). This translates to Type 1 PUSCH resource allocation in NR. Other companies suggest using Type 0 (non-contiguous allocation using bitmap).

Alternatives:
· Alt-1:

	Company
	View/Position

	Huawei
	For PRB-interlaced allocations, RA using same principle as in LTE-eLAA (based on RIV). Translates to Type-1 in NR with reinterpretation of RIV states indicating start interlace # and number of contiguous interlaces. Spare states used to indicate a few combinations of non-contiguous interlaces.
Additionally, the NR Rel-15 RA schemes are supported without change.
Dynamic switching between PRB-interlaced RA scheme and any of the NR Rel-15 RA schemes.
[bookmark: _GoBack]For CBW>LBW, RA indicates scheduled LBT-subband.

	LG
	Dynamic switching between interlace/non-interlace RA
Partial interlace allocation

	Motorola/Lenovo
	RA using same principle as in LTE-eLAA (based on RIV)

	Panasonic
	For CBW* > LBW*:
Partial interlace allocation through RIV (contiguous clusters) + annother RIV or bitmap to indicate LBT sub-band

	Nokia
	For CBW > LBW:
Support partial interlace allocation: intersection of RIV with allocated interlace(s)
Support almost-contiguous PUSCH allocation for mux of contiguous and interlaced PUSCH

	ZTE
	LTE-eLAA method (based on RIV) as baseline – Type 1 in NR. For CBW > LBW, signal LBT sub-band number in DCI.

	Qualcomm
	New DCI format. First bitmap indicates which interlaces. Another bitmap indicates which LBT subbands (for CBW > LBW)

	Sharp
	Bitmap with size = # of interlaces (10/5/(2 or 3) bits for 15/30/60 kHz SCS)

	Spreadtrum
	Support at least Type 1

	Ericsson
	For 20 MHz channel BW, support NR Rel-15 Type0 resource allocation (bitmap), with re-interpretation of bitmap to correspond to interlaces instead of RBGs.

	
	


*Note: CBW = Carrier bandwidth; LBW = LBT bandwidth, e.g., 20 MHz in 5 GHz band

For 20 MHz carriers, further offline discussion on PUSCH resource allocation (RA) in the frequency domain is needed considering the existing supported RA types in NR (Type 0 and Type 1). Discussion shall focus on what enhancements are needed to Type 0 or Type 1 or both, including possible re-interpretation of the frequency domain resource allocation field in DCI to support interlace resource allocation.
For discussion purposes, NR Rel-15 supports the following frequency domain resource allocation types:
· Type 0: Non-contiguous allocation using a bitmap where each bit represents an RBG. The RBG size depends on the BWP size.
· Type 1: Contiguous allocation using RIV, which indicates a start RB and a bandwidth (in RBs)
· Either Type 0 or Type 1 or both can be configured. If both are configured, DCI indicates which one is used.
The following is supported in NR Rel-15 for DCI indication of the type:
· DCI format 0_1 supports indication of Type 0 or Type 1. If both are configured, then the MSB of the frequency domain resource assignment field in DCI indicates which type is used.
· DCI format 0_0 supports only indication of Type 0 
The following table lists the number of bits in the frequency domain resource allocation field in DCI Format 0_1 depending on if Type 0 or 1 or both are configured:
	SCS
	Type 0 Only
	Type 1 Only
	Both Type 0 and Type 1

	
	Type 0 Config 1
	Type 0 Config 2
	
	Type 0 Config 1
	Type 0 Config 2

	15 kHz
	14
	7
	13
	15
	14

	30 kHz
	13
	7
	11
	14
	12

	60 kHz
	12
	6
	9
	13
	10




[bookmark: _Toc5100803][bookmark: _Toc5596052][bookmark: _Toc5596366]3.2	Multiple starting positions for scheduled PUSCH
Note: this discussion point only applies to scheduled PUSCH. Configured grant is handled in a separate agenda item.
Description:
The following was agreed in the SI phase [24]:
It has been identified to be beneficial for the NR-U design to not require the UE to change a granted TBS for a PUSCH transmission depending on the LBT outcome.
The following options have been identified as possible candidate at least for the first PUSCH(s) transmitted in the UL transmission burst.
-	Option 1: PUSCH(s) as in Rel-15 NR
-	Option 2: Multiple starting positions in one or multiple slot(s) are allowed for PUSCH(s) scheduled by a single UL grant (i.e., not a configured grant) and one of the multiple PUSCH starting positions can be decided depending on LBT outcome. 
It is noted that for above options, the ending position of the PUSCH is fixed as indicated by the UL grant.
It is noted that above options are not mutually exclusive.

While Alt-2 has support from multiple companies, there is not yet convergence on various aspects of a solution. Different companies have different views on at least the following aspects:
· Number of starting points for PUSCH
· A closely related discussion point is contained in the DL Signals and Channels AI on PDSCH starting points
· gNB acquired COT vs. UE acquired COT
· Puncturing vs. rate matching
· Puncturing from start vs. end of PUSCH
· Impact on CW adjustment
· Impact on DMRS locations
· Identification of starting position of PUSCH by gNB and related complexity

Alternatives:
· Alt-1: Option 1 in the above agreement
· Alt-2: Option 2 in the above agreement

	Company
	View/Position

	CAICT
	Alt-2

	Intel
	Alt-1

	Convida
	Alt-2. Network provides candidate starting positions. Adaptive DMRS positions within PUSCH to avoid DMRS puncturing

	Huawei
	Alt-1 for 60 kHz
Alt-2 for 15/30 kHz. DMRS in first OFDM symbol used as indication of start point. Puncturing from end of slot.

	Lenovo/Motorola
	Alt-2. Punturing from start of PUSCH

	MediaTek
	Alt-2. PUSCH DMRS in starting OFDM symbol. Consider both puncturing and rate matching to avoid changing TBS.

	NEC
	Alt-2. Puncturing from end of slot.

	DOCMO
	Alt-2. Multiple start positions indicated in multi-slot/mini-slot scheduling grant

	Nokia
	Multiple starting points not supported for gNB acquired COT
Multiple starting points supported for UE acquired COT using existing Type B mappings
Support limited number of starting points, e.g., 2

	OPPO
	Alt-2 with puncturing

	Qualcomm
	Alt-1 based on existing TypeB mappings

	Samsung
	Alt-2
Puncturing from start or end of slot. DMRS always in first symbol of PUSCH.

	Sharp
	Alt-2 with puncturing

	vivo
	Alt-2 with puncturing

	Spreadtrum
	Alt-2

	Panasonic
	Alt-1

	ZTE
	Alt-2. Puncturing from start of slot.

	Ericsson
	Alt-1

	
	



Further offline discussion structured as follows:
Further offline discussion is needed on aspects of Alt-1 and Alt-2. To increase the chances of convergence, it would be helpful to narrow down the following:
· How many and which starting points are supported?
· Alignment between UL and DL on the number of starting points
If agreement can be achieved on this aspect, then the following additional aspects can be discussed specific to Alt-2:
· Solution applicability to UE acquired COT, gNB acquired COT
· Relationship to agreement in HARQ Enhancement AI on multi slot/multi-mini-slot scheduling 
· Puncturing, rate matching
· Puncturing from start vs. end of PUSCH
· Impact on CW adjustment
· Impact on DMRS locations
· Unique identification of starting position of PUSCH by gNB

[bookmark: _Toc535588815][bookmark: _Toc1970561]
[bookmark: _Toc535588821][bookmark: _Toc1970566][bookmark: _Toc5100805][bookmark: _Toc5596053][bookmark: _Toc5596367]4	SRS Design
[bookmark: _Toc535588822][bookmark: _Toc1970567][bookmark: _Toc5100806][bookmark: _Toc5596054][bookmark: _Toc5596368]4.1	Additional OFDM symbol locations for SRS
Description:
The following agreement was made in RAN1#96:
Agreement:
Suppport configuration of an SRS resource in additional OFDM symbol locations other than the last 6 symbols of a slot with PUSCH and SRS time division multiplexed as in Rel-15.
· FFS: which symbols locations.

In Rel-15, an SRS resource can be configured such that the start position of the resource is located anywhere within the last 6 symbols of a slot. With the above agreement, other start positions are allowed, but it is still FFS which ones. The start position is configured based on the parameter resourceMapping within the IE SRS-Config in 38.331. For example, allowing all OFDM symbols would mean changing this parameter as follows:
    resourceMapping                         SEQUENCE {
        startPosition                           INTEGER (0..513),
        nrofSymbols                             ENUMERATED {n1, n2, n4},
        repetitionFactor                        ENUMERATED {n1, n2, n4}

This does not mean that the number of symbols occupied by a single SRS resource is modified; an SRS resource remains as either 1, 2, or 4 OFDM symbols. It only means that the starting position for the resource is allowed to be in any OFDM symbol of a slot instead.

Alternatives:
· Alt-1: Allow RRC configuration of an SRS resource to start at any OFDM symbol of a slot
· Alt-2: Allow RRC configuration of a 1, 2, or 4 symbol SRS resource to start at OFDM symbol 0 (in addition to OFDM symbols 8,9,10,11,12,13 as in NR Rel-15) 

	Company
	View/Position

	Huawei
	Alt-1

	Nokia
	Alt-1

	Panasonic
	Alt-1

	Qualcomm
	Alt-1

	Samsung
	Alt-1

	ZTE
	Alt-2

	DOCOMO
	Only in symbols after DMRS for COT detection transmitted

	Ericsson
	Alt-1

	
	



Support RRC configuration of an SRS resource to start at any OFDM symbol within a slot. The RRC parameter startPosition of resourceMapping of SRS-Config is extended for Rel-16 to have a value range 0..13.
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Description:
During the SI phase, discussions on interlaced transmission were primarily in the context of PUSCH and PUCCH transmission. Little attention was paid to SRS. Several companies point out that an interlaced design for SRS is beneficial for NR-U since the channel is sounded on a per-interlace basis consistent with PUSCH transmission. This can make PUSCH link adaptation based on SRS more accurate.

Alternatives:
· Alt-1: NR-U supports interlaced SRS transmission in addition to NR Rel-15 SRS design
· Alt-2: NR-U does not support interlaced SRS transmission

	Company
	View/Position

	Intel
	Alt-2

	Huawei
	Alt-1. Support interlace hopping.

	LG
	Alt-1

	Nokia
	Alt-1 (in addition to NR Rel-15 SRS)

	OPPO
	Alt-1

	Qualcomm
	Staggered time-frequency mapping; CDM between users sharing same resources 

	Samsung
	Alt-2

	ZTE
	Alt-2

	Vivo
	Performance + spec impact should be clarified before decision is made

	Ericsson
	Block interlace design for SRS is deprioritized. Revisit if time permits in WI.

	
	



Further offline discussion required on whether or not to introduce PRB-based block interlace waveform for SRS
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Description:
In NR Rel-15 aperiodic SRS resources are triggered in slot n by DCI. A slot offset k is configured by RRC for an SRS resource set such that the resources are transmitted in slot n + k. In contrast, in LTE, more flexibility in triggering ap-SRS is allowed to compensate for the fact that slot n + k may not always be an UL slot. For NR-U it may be beneficial to introduce this same kind of flexibility, i.e., allow SRS to be transmitted in the next UL after slot n + k. It has been pointed out that such flexibility would be beneficial for NR-U in that it would better enable SRS and PUSCH/PUCCH transmissions without gaps.

Alternatives:
· Alt-1:

	Company
	View/Position

	Samsung
	Introduce additional flexibility in triggering ap-SRS (Rel-15 only offers RRC configured slot offests) to avoid gaps between SRS and PUSCH/PUCCH.

	Intel
	Support multiple starting positions for an ap-SRS resource to allow for LBT failure

	Qualcomm
	Update DCI Format 2_3 to allow triggering of ap-SRS for multiple UEs (different offsets) in the same DCI

	Ericsson
	Agree with Samsung on benefits of support additional flexibility for slot offset for ap-SRS triggering in-line with aperiodic SRS triggering in LTE: allow SRS to be transmitted in the first available UL slot after the RRC configured slot offset.

	
	



Further offline discussion on introducing additional flexibility in triggering aperiodic SRS, e.g., as in LTE
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[bookmark: _Toc1970555][bookmark: _Toc5100810][bookmark: _Toc5596058][bookmark: _Toc5596372][bookmark: _Toc535588809]5.1	PRB interlace design for 60 kHz
Description:
Some companies have proposed an interlace design for PUSCH and PUCCH for the case of 60 kHz SCS. Other companies have suggested that the power boosting potential is low for 60 kHz and that contiguous allocations are sufficient.

Alternatives:
· Alt-1: PRB block interlace design for 60 kHz SCS supported for PUSCH and PUCC
· Alt-2: PRB block interlace design for 60 kHz SCS not supported for PUSCH and PUCCH

	Company
	View/Position

	Huawei
	Alt-1: Within 20 MHz, M = 3 and N is FFS

	LG
	Alt-1 with M = 3, N = 8

	Lenovo/Motorola 
	Alt-1 with M = 3, N = 8

	Qualcomm
	Alt-2

	NEC
	Alt-2

	Nokia
	Alt-2

	Sharp
	Alt-1 with M = 2, N = 12

	Spreadtrum
	Alt-1 with M= 2, N = 12

	ZTE
	Alt-2

	Ericsson
	Alt-2, since power boosting potential for 60 kHz SCS is low. 60 kHz SCS is optional for control and data, and not supported for DRS.

	
	



Further offline discussion on whether or not a 60 kHz PRB-based interlace design for PUSCH and PUCCH should be supported.
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Description:
The following working assumption was agreed in RAN1 AH 1901:
Working assumption:
· For a given SCS, the following interlace design is supported at least for PUSCH:
· 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

Several aspects of the WA are dependent on RAN4 outcome, e.g., interlace allocation considering sub-band availability, necessity of guard bands, channel raster for unlicensed bands, etc. It seems prudent to avoid spending time on further design details until RAN4 has progressed further.
Alternatives:
· Alt-1:

	Company
	View/Position

	Huawei
	Interlace design for 15/30/60 kHz SCS in Table 1 of [2]. Support partial interlace allocation in units of LBT sub-band.
PUCCH BW no more than 20 MHz

	Intel
	Support partial interlace allocation. Within an interlace, support either (1) user multiplexing in an interleaved fashion over whole wideband carrier, or (2) user multiplexing per LBT sub-band

	DOCOMO
	Support partial interlace allocation, but only on contiguous LBT subbands

	Nokia
	Partial interlace allocation supported.
PUCCH BW no more than 20 MHz

	Qualcomm
	Partial interlace allocation requires careful study
Study further if PUCCH BW > 20 MHz should be supported

	Samsung
	Impact of sub-band LBT on interlace allocation within BWP is FFS

	vivo
	Support partial interlace allocation

	Sharp
	Support partial interlace allocation

	ZTE
	Defer discussion until RAN4 has provided detailed responses to RAN1 LSs

	CAICT
	Benefits of PUCCH > 20 MHz not clear

	Ericsson
	Defer discussion until RAN4 has provided detailed responses to RAN1 LSs

	
	



Discussion on aspects of interlace design for wideband carriers (> 20 MHz) is deferred until RAN4 has provided detailed responses to the RAN1 LSs on wideband operation.
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