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[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 [1] 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	Way Forward Identified Last Meeting	
2.2	PUCCH Formats for 1-2 Bit Payloads	Proposal*
2.3	DFT-s-OFDM vs. CP-OFDM for Interlaced-PF3	Proposal*
2.4	User-multiplexing	Further offline discussion*
3	PUSCH Design
3.1	Frequency domain resource allocation (RA) for Interlaced PUSCH	Further offline discussion*
3.2	Multiple starting positions for scheduled PUSCH	Further offline discussion
4	SRS Design
4.1	SRS Waveform	Further offline discussion
4.2	Triggering of aperiodic SRS	Further offline discussion*
5	UL Interlace Design
5.1	PRB interlace design for 60 kHz	Further offline discussion
5.2	Interlace design for CBW > 20 MHz	Defer discussion 
Appendix 1 – PUCCH User Multiplexing Capacity
Appendix 2 – Specification Impact of PUCCH Enhancements
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[bookmark: _Toc1970562][bookmark: _Toc8398211][bookmark: _Toc5596358][bookmark: _Toc5596044][bookmark: _Toc5100797]2.1	Way Forward Identified Last Meeting
Two meetings ago, the following agreement was made on PUCCH design enhancements

Agreement #1
· 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

Based on offline discussions in the last meeting, a way forward for PUCCH design was identified in the feature lead summary [3]. During the offline discussion, some companies identified use cases for enhanced PF0 and PF1 including the following:
· 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
Other companies expressed a view that enhancements to PF2/3 potentially are sufficient. After the offline discussion, the following pair of agreements were made to guide decisions on PUCCH format enhancement.

Agreement #2:
Decisions on which additional PUCCH formats (enhanced or combination of legacy and enhanced) are supported should be at least based on the following.
· Which PUCCH format(s) are to be used at least for the following use cases:
0. HARQ ACK por to dedicated PUCCH resource configuration
0. HARQ ACK, SR, CSI and combinations thereof after dedicated PUCCH resource configuration
· Specification impact, e.g., UE procedures in 38.213 and 38.212, for all proposed PUCCH formats to be supported
· User multiplexing capacity and UCI payload analysis for all proposed PUCCH formats to be supported
· In-band and out-of-band emissions

Agreement #3:
For a 20 MHz carrier bandwidth, if enhancements to PF0 and PF1 are supported, a mapping to physical resources of at least one full interlace is supported
· FFS: Whether or not to support enhancements to PF0/1.
· Companies are encouraged to provide user multiplexing capacity and UCI payload analysis for enabling the decision for relevant use cases

Based on the above, the top priority decisions that are needed are the following:
· Which PUCCH formats shall carry 1-2 bit payloads
· Alt-1: Interlaced-PF2/3
· Alt-2: Interlaced-PF0/1
· Identification of needed specification changes depending on Alt-1, Alt-2
· Whether or not to replace DFT-s-OFDM with CP-OFDM for Interlaced-PF3
· Potential enhancement of user multiplexing for supported PUCCH formats


[bookmark: _Toc8398212]2.2	PUCCH Formats for 1-2 Bit Payloads
[bookmark: _Toc5596359][bookmark: _Toc5596045]Description:
In Agreement #1 above, 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 Interlaced-PF0/1 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 repetition. 
Alternatives:
· Alt-1: 1 and 2 payloads supported by Interlaced-PF2 and PF3
· Alt-2: 1 and 2 payloads supported by Interlaced-PF0 and/or PF1

In Agreement #2 (repeated here), companies were encouraged to provide analysis on specification impact of Alt-1 vs. Alt-2 as well as user multiplexing capacity across PUCCH formats to be supported.
Agreement #2:
Decisions on which additional PUCCH formats (enhanced or combination of legacy and enhanced) are supported should be at least based on the following.
· Which PUCCH format(s) are to be used at least for the following use cases:
0. HARQ ACK por to dedicated PUCCH resource configuration
0. HARQ ACK, SR, CSI and combinations thereof after dedicated PUCCH resource configuration
· Specification impact, e.g., UE procedures in 38.213 and 38.212, for all proposed PUCCH formats to be supported
· User multiplexing capacity and UCI payload analysis for all proposed PUCCH formats to be supported
· In-band and out-of-band emissions

Appendix 1 provides a detailed summary of user-multiplexing capacity for interlaced PUCCH formats reported by companies, allowing comparisons of Interlaced-PF0 vs. PF2 and Interlaced-PF1 vs. PF3.
Appendix 2 provides a detailed summary of the specification impact for Alt-2 vs. Alt-1.
In the following table, a high-level summary of these analyses is included. An asterisk (*) indicates companies providing evaluation results.
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	Company
	View/Position
	High Level Summary of Performance and High Level Summary of Analysis According to Agreement #2
	Comments

	
	
	Alternative with better performance considering agreed evaluation metrics, e.g., MCL, cubic metric, required SNR
	Qualitative specification impact of Alt-1 and Alt-2 considering 38.211, 38.212, 38.213
(Major, moderate, minor)

	Alternative with better user multiplexing capacity considering Interlaced-PF0 vs. Interlaced-PF2
	Alternative with better user multiplexing capacity considering Interlaced-PF1 vs. Interlaced-PF3
	

	CAICT
	Alt-2 + Alt-1?
	
	
	
	
	

	Huawei*
	Alt-2 + Alt-1. For interlaced PF0/1, use different sequence group u in each PRB of an interlace.
	Alt-2 for 100 ns
Alt-1 for 10 ns

	
	
	
	Reported metric is Required SNR.
MCL not reported.

	Intel
	Alt-1. For E-PF2/3, use repetition or simplex code
	
	
	Alt-2
At least for SR and 1-bit A/N
	Alt-2
	Assumes FD- and TD-CDM for PF2/3 

	LG
	Alt-2. For Interlaced PF0/1, use cyclic shift cycling across PRBs of an interlace. 
	
	Alt-1: Major on 213, minor on 212
Alt-2: Minor on 213
	Alt-2
At least for SR and 1-bit A/N
	
	Assumes FD-CDM for PF2

	Lenovo/Motorola
	Alt-1. For E-PF2/3 use repetition or simplex code.
	
	
	
	
	

	MediaTek
	Alt-1
	
	
	
	
	

	DOCOMO
	Alt-1
	
	
	
	
	

	Nokia*
	Alt-2 + Alt-1. For Interlaced PF0, use same sequence as PF3 DMRS sequence.
	Alt-2
~2 dB better MCL
1.6 dB lower CM
	
	Alt-2
At least for SR
	
	Assumes FD- and TD-CDM for PF2

	OPPO*
	Alt-2: For PF0, use repetition in frequency domain.
	Only Alt-2 evaluated
	
	
	
	

	Panasonic
	Alt-1
	
	
	
	
	

	Qualcomm
	Alt-1: For E-PF2/3, 1-bit payload uses zero padding to 11 bits; detailed proposal for 2-bit payload in [19].
	
	
	
	
	

	Samsung
	Alt-1
	
	Alt-1: Minor on 213, minor on 212
Alt-2: Moderate on 211
	Alt-2
At least for SR and 1-bit A/N
	
	Assumes FD-CDM for PF2

	Sharp
	Alt-1
	
	
	
	
	

	Spreadtrum
	Alt-2
	
	
	Alt-2
At least for SR, 1-bit A/N, and 2-bit A/N
	Alt-2
	Assumes FD-CDM for PF2/3

	WILUS
	Alt-2. For Interlaced PF0/1, use cyclic shift cycling across PRBs of an interlace
	
	
	
	
	

	ZTE*
	Alt-2
	Only Alt-1 evaluated
	
	Alt-2
	Alt-2
	

	vivo
	Alt-1
	
	
	
	
	

	Ericsson*
	Alt-2. For interlaced PF0/1, repetition of Rel-15 sequence + cyclic shift cycling across PRBs of an interlace.
	Alt-2
~2 dB better MCL
1-2 dB lower CM
	Alt-1: Major on 213, minor on 212, minor on 211
Alt-2: Minor on 213, minor on 211
	Alt-2
At least for SR and 1-bit A/N
	Alt-2
	Assumes FD-CDM for PF2/3

	
	
	
	
	
	
	





Summary of above table:
· 5 companies have reported evaluation results for Interlaced-PF0,1,2,3
· 2 companies show a 2 dB larger MCL for Alt-2 compared to Alt-1
· 2 companies show a 1-2 dB lower CM for Alt-2 compared to Alt-1
· 1 company shows comparable required SNR for Alt-2 compared to Alt-1
· 1 company evaluated only Alt-2
· 1 company evaluated only Alt-1
· Multiple companies have reported user-multiplexing capacity for Interlaced-PF0,1,2,3
· There is consensus that user multiplexing capacity for Interlaced PF1 is significantly larger than Interlaced-PF3 with FD-CDM
· There is consensus that user multiplexing capacity for Interlaced PF0 is larger than Interlaced-PF2 with FD/TD-CDM at least for SR and 1-bit HARQ A/N
· Three companies have analysed specification impact
· 38.213
· 2 companies report that Alt-1 has major impact
· 1 company reports that Alt-1 has minor impact
· 38.212
· 3 companies report that Alt-1 has minor impact
· Note: Alt-2 has no impact
· 38.211
· 1 company reports that Alt-1 has minor impact
· 1 company reports that Alt-2 has minor impact
· 1 company reports that Alt-2 has moderate impact
Based on reported performance evaluations, analysis of user-multiplexing and specification impact, and company views, the following is the recommendation from the moderator. 
Support enhancement of Rel-15 PUCCH formats PF0 and PF1 as follows:
· For a 20 MHz carrier bandwidth, mapping to physical resources of one full interlace
· Mechanism to reduce PAPR/CM
· The following aspects are FFS:
i. Sequence type and mapping considering at least repetition of the Rel-15 PF0 and PF1 sequence
ii. PAPR/CM reduction mechanism, considering at least cycling of cyclic shifts
iii. Whether or not Interlaced-PF2 and/or 3 are enhanced to also support 1-2 bit payloads
· Note: Decisions on the above should be based on at least performance using the agreed MCL metric and specification impact

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

Nokia
· Single sequence mapped over all PRBs of an interlace
· Mechanism for PAPR reduction may not be needed
· Design for LBT subband?
Vivo
· Agree with 1st and 2nd bullets above
· Phase rotation can be considered as a PAPR reduction mechanism
· Comparison of user-multiplexing capacity for PF0 vs. 2 depends on level of user multiplexing supported for PF2
Samsung
· Alt-1
Ericsson
· BW of PUCCH
· PAPR reduction mechanism, if necessary
Huawei
· BW of PUCCH
· PAPR reduction mechanism, if necessary
ZTE
· Single sequence
· PAPR reduction mechanism, if necessary
· No strong motivation for E-PF2/3 to carry 1-2 bits if proposal on Interlaced PF0/1 agreed
LG
· Similar view as ZTE on E-PF2/3
· Concerns on specification impact for E-PF2/3
Intel
· Would prefer not to have multiple formats to carry 1-2 bit payloads
MediaTek
· List alternatives sequence mappings in FFS items
· Implementation impact



[bookmark: _Toc5100798][bookmark: _Toc5596046][bookmark: _Toc5596360][bookmark: _Toc8398213]2.3	DFT-s-OFDM vs. CP-OFDM for Interlaced-PF3
Description:
The open issue is whether or not to replace DFT-s-OFDM with CP-OFDM for Interlaced-PF3
Alternatives:
· Alt-1: Replace DFT-s-OFDM with CP-OFDM for Interlaced-PF3
· 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
	Alt-2

	Sharp
	Alt-2

	Qualcomm
	Alt-2

	Samsung
	Alt-2

	ZTE
	Alt-1

	Vivo
	Alt-1

	Ericsson
	Alt-2 

	
	



Based on a majority view and considerations of specification and implementation impact, the following is recommended.
[bookmark: _GoBack]Offline consensus:
1. For enhanced Rel-15 PF3 supporting interlaced mapping, do not replace DFT-s-OFDM with CP-OFDM.

[bookmark: _Toc535588817][bookmark: _Toc1970563][bookmark: _Toc5596047][bookmark: _Toc5596361][bookmark: _Toc5100799][bookmark: _Toc8398214]2.4	User-multiplexing
Description:
In Agreement #1 above, 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 well as which PUCCH formats shall be enhanced. 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.

	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. OCC cycling.
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: FD and TD OCC
E-PF3: FD and TD OCC for data, TD-OCC + CS for DMRS

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

	Intel
	E-PF2: FD-OCC up to length 4
E-PF3: Pre-DFT OCC spreaad over whole bandwidth for data. Cyclic shifts on DMRS.
TD-OCC for E-PF2/3 as further enhancement
Targeted UE multiplexing requires more discussion

	Nokia
	E-PF2: OCC 2,4 in FD, OCC2 in TD
E-PF3: Pre-DFT OCC (as for PF4)

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

	Ericsson
	E-PF3: Configurable user multiplexing (1,2,4). Pre-DFT OCC as for PF4.

	
	



Given the quite wide proposals on user multiplexing for E-PF2/3, more offline discussion is needed.

Further offline discussion structured as follows:
· E-PF2
· User multiplexing supported or not
· If supported, what level of user-multiplexing to support, e.g., 2, 4, 8?
· 1-symbol PF2
· 2-symbol PF2
· User multiplexing mechanism, i.e., FD-CDM, TD-CDM, or both, as well as potential mechanism differences between data (UCI) and reference symbols (DMRS)
· E-PF3
· User multiplexing supported or not
· If supported, what level of user-multiplexing to support, e.g., 2, 4, 6, 12?
· 4 – 14 symbol PF3
· User multiplexing mechanism, i.e., pre/post DFT, as well as potential mechanism differences between data (UCI) and reference symbols (DMRS)
· Potential merge of E-PF3 and PF4

[bookmark: _Toc5100801][bookmark: _Toc5596050][bookmark: _Toc5596364][bookmark: _Toc8247947][bookmark: _Toc8398215]3	PUSCH Design
[bookmark: _Toc5100802][bookmark: _Toc5596365][bookmark: _Toc5596051][bookmark: _Toc535588814][bookmark: _Toc1970560][bookmark: _Toc8398216][bookmark: _Toc535588813][bookmark: _Toc1970559][bookmark: _Hlk535468427]3.1	Frequency domain resource allocation (RA) for Interlaced PUSCH
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. In NR Rel-15, two resource allocation (RA) types are defined: Type-0 for a potentially non-contiguous allocation of resource block groups (RBGs), and Type-1 for a contiguous PRB allocation. Any enhancements that are needed should use these as a baseline. For the purposes of discussion, the following review is useful:
Type 0 and Type 1 RA in NR Rel-15 are defined as:
· 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 in any given scheduling instance.
The following is supported in NR Rel-15 for DCI indication of the resource allocation 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 1 
The table below lists the number of bits in the frequency domain resource allocation field in DCI Format 0_1 depending on if Type 0 or Type 1 is configured for the case of a 20 MHz channel. If both types are configured, the number of bits is one more than that for Type 0.
[bookmark: _Ref7633053]Table 1: Number of bits in the frequency domain resource allocation field of DCI Format 0_1 for the case of a 20 MHz channel. Configuration 1 and 2 refer to the RBG size defined in 38.214 Section 6.1.2.2.1 for a given number of PRBs.
	SCS
	Type 0
	Type 1

	
	Configuration 1
	Configuration 2
	

	15 kHz (106 PRBs)
	14
	7
	13

	30 kHz (51 PRBs)
	13
	7
	11

	60 kHz (24 PRBs)
	12
	6
	9



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.
For CBW>LBW, RA indicates scheduled LBT-subband.

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

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

	DOCOMO
	New frequency domain resource allocation type: Selected sub-band + selected interlace

	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
	Separate RA modes: (1) Interlace only, (2) Legacy + interlace. Waveform affects resource allocation. For CBW > LBW, allocated subband(s) are indicated. Support partial (interleaved) resource allocation.

	Samsung
	Type-1 with interlace replacing PRB indication. Support partial interlaced allocation (sub-band granularity) 

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

	Spreadtrum
	Support at least Type 1

	vivo 
	RA using same principle as in LTE-eLAA (based on RIV)

	Ericsson
	For 20 MHz channel BW, for PUSCH scheduled by 0_1, support NR Rel-15 Type0 resource allocation (bitmap), with re-interpretation of bitmap to correspond to interlace indices instead of RBG indices. FFS: Enhancement of Type1.

	Intel
	Support enhancements to Rel-15 type 0 (bitmap based) PUSCH frequency domain resource allocation for scheduling flexibility in NR-U. 


*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.
[bookmark: _Toc5100803][bookmark: _Toc5596366][bookmark: _Toc5596052][bookmark: _Toc8398217]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 [2]:
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.

	DOCOMO
	Alt-1

	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: _Toc5596053][bookmark: _Toc5596367][bookmark: _Toc5100805][bookmark: _Toc1970566][bookmark: _Toc535588821][bookmark: _Toc8247950][bookmark: _Toc8398218]4	SRS Design
[bookmark: _In-sequence_SDU_delivery][bookmark: _Toc1970568][bookmark: _Toc535588824][bookmark: _Toc5100807][bookmark: _Toc5596055][bookmark: _Toc5596369][bookmark: _Toc8398219]4.1	SRS Waveform
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.

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-2

	LG
	Alt-1

	Nokia
	Alt-1 (in addition to NR Rel-15 SRS). Frequency hopping across LBT subbands

	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
	Alt-2. Block interlace design for SRS is deprioritized. 

	
	



Further offline discussion required on whether or not to introduce PRB-based block interlace waveform for SRS

[bookmark: _Toc535588823][bookmark: _Toc1970569][bookmark: _Toc5100808][bookmark: _Toc5596056][bookmark: _Toc5596370][bookmark: _Toc8398220][bookmark: _Toc535588825]4.2	Triggering of aperiodic SRS
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. Introduce additional triggering state to bundle SRS and PUSCH/PUCCH.

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

	Panasonic
	Support aperiodic only

	Qualcomm
	Configure multiple SRS strating positions for p/sp-SRS. Update DCI Format 2_3 to allow triggering of ap-SRS for multiple UEs (different offsets) in the same DCI. 

	ZTE
	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.

	Ericsson
	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

[bookmark: _Toc535588807][bookmark: _Toc5596057][bookmark: _Toc5596371][bookmark: _Toc1970553][bookmark: _Toc5100809][bookmark: _Toc8247953][bookmark: _Toc8398221][bookmark: _Toc1970570]5	UL Interlace Design
[bookmark: _Toc5100810][bookmark: _Toc5596372][bookmark: _Toc1970555][bookmark: _Toc5596058][bookmark: _Toc8398222][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

	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.

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



Further offline discussion on whether or not a 60 kHz PRB-based interlace design for PUSCH and PUCCH should be supported.

[bookmark: _Toc1970556][bookmark: _Toc5596059][bookmark: _Toc5100811][bookmark: _Toc5596373][bookmark: _Toc8398223]5.2	Interlace design for CBW > 20 MHz
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 [5]. 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

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

	vivo
	Support partial interlace allocation

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

	Ericsson
	Defer discussion until RAN4 has progressed further on wideband operation, especially definition of guardbands. 

	
	



Discussion on aspects of interlace design for wideband carriers (> 20 MHz) is deferred until RAN4 has progressed further on wideband operation, especially definition of guardbands.
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[bookmark: _Toc8247957][bookmark: _Toc8398225]Appendix 1 – PUCCH User Multiplexing Capacity

The following table captures the user multiplexing capacity for various enhanced (interlaced) PUCCH formats reported by companies. 
	
	Short Formats
	Long Formats

	
	Interlaced-PF0
	Interlaced-PF2
	Interlaced-PF1
	Interlaced-PF3

	Intel
	1-symbol:
SR Only: 12
1-bit HARQ: 6
2-bit HARQ: 3
1-bit HARQ + SR: 3
2-bit HARQ + SR: 1

2-symbol:
SR Only: 24
1-bit HARQ: 12
2-bit HARQ: 6
1-bit HARQ + SR: 6
2-bit HARQ + SR: 2
	1-symbol: 4*
* FD-CDM4

2-symbol: 8*
*FD-CDM4 + TD-CDM2
	14-symbol: 84
	14-symbol: 48*
*FD-CDM12+TD-CDM4

	LG
	SR Only: 12
1-bit HARQ: 6
	1-symbol: 4*
*FD-CDM4
	
	

	Nokia
	1-symbol:
SR Only: 12

2-symbol:
SR Only: 24
	1-symbol: 4*
* FD-CDM4

2-symbol: 8*
*FD-CDM4 + TD-CDM2
	
	

	Samsung
	1-symbol:
SR Only: 12
1-bit HARQ: 6
2-bit HARQ: 3
2-bit HARQ + SR: 1

2-symbol:
Times 2
	1-symbol: 4*
*FD-CDM4

2-symbol:
Times 2
	
	

	Spreadtrum
	1-symbol:
SR Only: 12
1-bit HARQ: 6
1-bit HARQ + SR: 3
2-bit HARQ: 3
2-bit HARQ + SR: 1

	1-symbol: 2*
*FD-CDM2
	14-symbol: 84 or 42*
* 1-bit HARQ + SR or
2-bit HARQ + SR (2 resources configured)



	14-symbol: 4*
*FD-CDM4

	ZTE
	12
	1
	4-symbol: 24

14-symbol: 84
	1

	Ericsson
	1-symbol:
SR Only: 12
1-bit HARQ: 6
2-bit HARQ: 3
	1-symbol: 1/2/4*
*FD-CDM1/2/4
	4-symbol: 24

14-symbol: 84
	4-symbol: 1/2/4*
FD-CDM1/2/4

14-symbol: 1/2/4*
FD-CDM1/2/4



[bookmark: _Toc8247958][bookmark: _Toc8398226]Appendix 2 – Specification Impact of PUCCH Enhancements
The following table compares the specification impact if Interlaced-PF0/1 is supported for carrying 1-2 bit payloads vs. if only Interlaced-PF2/3 is supported for carrying 1-2 bit payloads.
	
	Interlaced-PF0/1 Supported
(Alt-2 in Agreement #1)
	Only Interlaced-PF2/3 Supported
(Alt-1 in Agreement #1)

	LG
	38.212: None
38.213: Small impact on initial PUCCH resource set
	38.212: Impact on PUCCH channel coding
38.213: Large impact on initial PUCCH resource set. Some impact on dedicated PUCCH resource set configuration/determination

	Samsung
	New sequence design or repeated sequence
	Minor impact in extending RM to 1-2 bits
Easy to modify table for PUCCH resource indication prior to dedicated RRC configuration

	Sharp
	Specification impact
	Specification impact

	Ericsson
	Minimal divergence from Rel-15; allows reuse of existing UE procedures in 38.213. Time/frequency  mapping is simple for both PF0/1: repetition of existing length-12 sequences + cycling of cyclic shifts. Initial cyclic shift same as in Rel-15.
	Large divergence from Rel-15; implementation cost due to change of procedures, large spec impact in 38.213:
· Impacts configuration of a PUCCH resource for SR and 1-2 bit HARQ. Also impacts configuration of PUCCH resource for DL SPS
· Mapping rules to covey SR and PUCCH for 1-2 bit HARQ with/without SR
i. Currently based on cyclic shifts
· Multiplexing rules between SR and and PUCCH for 1-2 HARQ-ACK bits
i. Currently based on adjusting cyclic shifts if SR present
· PUCCH resource sets before dedicated PUCCH resource configuration
i. Re-design of table since currently based on cyclic shifts for PF0/1
· PUCCH resource sets after dedicated PUCCH resource configuration, in particular first PUCCH resource set 

	
	
	






