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[bookmark: _Toc1970552][bookmark: _Toc5596041][bookmark: _Toc535588806][bookmark: _Toc8398209][bookmark: _Toc5100795][bookmark: _Toc17755475][bookmark: _Toc8247940][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 revised 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.
-	10MHz operation for 5GHz band via NR-U/NR-U CA or NR/NR-U CA without air-interface optimizations specific to 10MHz. 
NOTE: 
- 10MHz Pcell or SpCell is not supported in NR-U.
- The absence of WiFi channels should be guaranteed.  
During RAN#84 RAN endorsed a document providing guidance on essential features to complete during the WI and what items can be considered as optimizations (de-prioritized) [3]. For the UL Signals and Channels agenda item, RAN provided the following guidance:
7.2.2.1.3 UL signals and channels
Essential
· PUCCH EPF0/1/2/3 design
· Interlaced PUSCH resource allocation design in DCI
Optimizations
· Multiple starting position within a PUSCH
· 60KHz PUSCH interlaced waveform
· SRS waveform enhancement (interlace or stagger)
· P/SP-SRS multiple opportunities
Based on this guidance, this feature lead summary will not summarize company proposals on items that are listed as optimization. It is the understanding of the feature lead that these topics can be revisited at the end of the work item if time permits.
[bookmark: _GoBack]The following is an outline of the summary. An asterisk (*) indicates that a proposal/discussion is high priority.

1	Introduction	
2	UL Interlace Design for PUSCH/PUCCH	
2.1	Open Issues for UL Interlace Design	
2.2	Working Assumption on Interlace Design	Offline Consensus
2.3	Potential Interlace Design for 10 MHz Channels	Further Offline Discussion*
2.4	Configurability of Interlace Transmission	Further Offline Discussion
3	PUCCH Design	
3.1	Open Issues for Interlaced PUCCH	
3.2	Sequence Type and Mapping for Interlaced PF0/1	Proposal 
3.3	User-multiplexing for Interlaced PF2/3	Proposal*
3.4	Interlaced PUCCH Bandwidth Configuration	Proposal*
4	PUSCH Design	
4.1	Open issues for Interlaced PUSCH	
4.2	Frequency domain resource allocation (RA) for Interlaced PUSCH	Further Offline Discussion*
5	SRS Enhancements	
5.1	Triggering of aperiodic SRS	Further Offline Discussion
5.2	Other Enhancements	Further Offline Discussion

[bookmark: _Toc5596057][bookmark: _Toc5596371][bookmark: _Toc535588807][bookmark: _Toc5100809][bookmark: _Toc8398221][bookmark: _Toc8247953][bookmark: _Toc1970553][bookmark: _Toc17755413][bookmark: _Toc17755476][bookmark: _Toc5100796][bookmark: _Toc8247941][bookmark: _Toc5596042][bookmark: _Toc5596356][bookmark: _Toc8398210][bookmark: _Toc1970558][bookmark: _Toc535588812]2	UL Interlace Design for PUSCH/PUCCH
[bookmark: _Toc17755477]2.1	Open Issues for UL Interlace Design
In RAN1 AH 1901, the following agreement and working assumption were made regarding interlace design for PUSCH and PUCCH.

Agreement:
For interlace transmission of at least PUSCH and PUCCH, the following PRB-based interlace design is supported for the case of 20 MHz carrier bandwidth:
a.	15 kHz SCS: M = 10 interlaces with N = 10 or 11 PRBs / interlace
b.	30 kHz SCS: M = 5 interlaces with N = 10 or 11 PRBs / interlace
Note: PRACH design to be considered separately, including multiplexing aspects with PUSCH and PUCCH

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
· [bookmark: OLE_LINK5]FFS: Interlace design for PUCCH for bandwidths greater than 20 MHz
· [bookmark: OLE_LINK1]FFS: Whether and how partial interlace allocation is supported

The above agreement is applicable to the interlace design for both PUSCH and PUCCH for 20 MHz carriers. The above working assumption is more broad for the interlace design for PUSCH, in the sense that the same interlace design is supported regardless of carrier bandwidth, i.e., M = 5/10 interlaces for 30/15 kHz SCS. 
The working assumption has not yet been confirmed in the work item, hence this is one open issue that needs to be treated. Another is the FFS points on interlace design for PUCCH for carrier bandwidths greater than 20 MHz. One option is to have a common design for both PUSCH and PUCCH for all carrier bandwidths. The other FFS point is with regards to whether/how partial interlace allocation is supported. This needs to be addressed for both PUSCH and PUCCH considering aspects specific to each.
The revised WID from RAN#84 also includes an objective to support a 10 MHz SCell in unlicensed bands in standalone or licensed assisted modes. It is an open issue of whether or not interlaced PUSCH is supported on such a carrier, considering that air-interface optimizations specific to 10 MHz are not to be supported. If interlace PUSCH is supported, one possibility is to use the same interlace structure as in the above working assumption.
One aspect that has not yet been captured by formal agreements during the work item is the configurability of interlace transmission for PUSCH/PUCCH, i.e., configuring interlaced transmission to be either on or off. From the study item phase, the following text appears in the TR [2]:
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
On the other hand, for scenarios in which a contiguous allocation for PUSCH and PUCCH is used, it is beneficial to use contiguous resource allocation for PRACH
Based on this text, it is the understanding of the feature lead that both Rel-15 resource allocation (contiguous) and interlaced allocation should be supported for PUSCH/PUCCH, and which one to select depends on the deployment scenario. Hence, it seems as though this needs to be formalized with an agreement. One important aspect that needs to be considered, is that PUSCH/PUCCH transmissions occur both prior to and after RRC connection establishment, and both need to be considered when discussing interlace configuration options since the signalling could be different, e.g., SIB signalling vs. RRC signalling.
Based on the above discussion, the following open items are identified:
Open Issues
1. Confirmation of working assumption, including addressing the following FFS points:
· Whether or not a common interlace design is used for PUSCH and PUCCH
· Partial interlace allocation
· This topic will be treated in Sections 3 and 4, when PUSCH frequency domain resource allocation and PUCCH bandwidth are discussed, respectively
2. Whether or not interlaced PUSCH transmission is supported on a 10 MHz SCell in 5 GHz
3. Configurability of interlace transmission considering the following:
· PUSCH transmission
· Prior to RRC connection establishment, e.g., Msg3 PUSCH
· After RRC connection establishment, e.g., PUSCH scheduled by DCI 0_0 and 0_1 as well as Type 1 and 2 Configured Grants
· PUCCH resource sets
· Prior to dedicated RRC configuration of PUSCH resources, e.g., HARQ/ACK corresponding to Msg2/4
· After dedicated RRC configuration of PUSCH resources
[bookmark: _Toc5100811][bookmark: _Toc8398223][bookmark: _Toc5596059][bookmark: _Toc1970556][bookmark: _Toc5596373][bookmark: _Toc17755478][bookmark: _Toc535588809]2.2	Working Assumption on Interlace Design
Description:
Open Issue #1 listed in Section 2.1.
Alternatives for WA Confirmation:
· Alt-1: Confirm the WA
· Alt-2: Do not confirm the WA

	Company
	View/Position

	Qualcomm
	Alt-1

	Huawei
	Alt-1
[bookmark: OLE_LINK6]Support partial interlace allocation in units of LBT bandwidth

	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
	Alt-1

	Nokia
	Alt-1

	vivo
	Alt-1
Support partial interlace allocation within an interlace

	ZTE
	Alt-1
Support partial interlace allocation.

	Ericsson
	Alt-1 

	Sharp
	Alt-1
Support partial interlace allocation in the unit of LBT subband

	Lenovo, Motorola Mobility
	Alt-1.
Partial interlace allocation is supported in units of subband.



Alternatives addressing FFS on PUCCH interlace design in working assumption:
· [bookmark: OLE_LINK7]Alt-1: Support common interlace design for PUSCH and PUCCH regardless of carrier bandwidth
· Alt-2: Different interlace designs for PUSCH and PUCH

	Company
	View/Position

	Nokia
	Alt-1

	OPPO
	Alt-1?

	vivo
	Alt-1

	Ericsson
	Alt-1

	ZTE
	Alt-1

	Sharp
	Alt-1

	Lenovo, Motorola Mobility
	Alt-1



Confirm the working assumption from RAN1 AH 1901 amended as follows:
Offline Consensus
· For a given SCS, the following PRB-based interlace design is supported at least for PUSCH and PUCCH:
· 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 considering mechanisms specific to PUSCH and PUCCH
· FFS: PUCCH bandwidth
· FFS: Whether or how an interlace design for PUSCH and/or PUCCH is supported on 10 MHz according to the revised WID objective 

[bookmark: _Toc17755479]2.3	Potential Interlace Design for 10 MHz Channels
Description:
Open Issue #2 listed in Section 2.1.
Alternatives:
· Alt-1: Support interlace PUSCH transmission on a 10 MHz SCell in 5 GHz
· [bookmark: OLE_LINK2]Alt-2: Support only Rel-15 (contiguous) PUSCH transmission on a 10 MHz SCell in 5 GHz

	Company
	View/Position

	Qualcomm
	Alt-2. Also support Rel-15 (contiguous) allocation for PUCCH on 10 MHz SCell.

	Huawei
	Alt-1. M = 10/5 interlaces with N = (5 or 6)/(4 or 5) PRBs for 15/30 kHz SCS

	Intel
	Alt-1. M = 5/2 interlaces with N = (10 or 11)/(12) for 15/30 kHz SCS

	LG
	Alt-1. M = 5/(2 or 3) with N = (10 or 11)/(12 or 8) for 15/30 kHz SCS

	DOCOMO
	Alt-1: M = 5 for 15 kHz

	Nokia
	Alt-1 for 15 kHz SCS with M = 5 interlaces with N = 10
Alt-2 for 30 kHz

	Samsung
	Alt-1: Common interlace design as for PUSCH/PUCCH for other carrier bandwidths

	Spreadtrum
	Alt-1 with M = 5/2 interlaces with N = (10 or 11)/(12) for 15/30 kHz SCS
Alt-2 for 60 kHz

	Ericsson
	It has not yet been discussed on whether or not a PSD constraint (e.g., 10 dBm/MHz) applies for 10 MHz channels (10 MHz channels at 5730, 5830 MHz isolated to single geographic region – India).
Alt-2 can be considered if PSD is not constrained
If interlacing is needed, then interlace design should not be different than for other carrier bandwidths according to the WID objective stating "...without air-interface optimizations specific to 10MHz”

	[bookmark: OLE_LINK4]ZTE
	Alt-1. Support common interlace design for PUSCH and PUCCH regardless of carrier bandwidth

	Sharp
	Alt-1: M=5/2 interlaces with N=(10 or 11)/(12) for 15/30kHz SCS



Further offline discussion on potential interlace design for 10 MHz is structured as follows:
· Power spectral density regulations for 10 MHz channels in India
· Is an interlaced design needed for 10 MHz channels?
· If an interlaced design is needed, the WID objective that states “…without air-interface optimizations specific to 10MHz” suggests a common interlace design as for other carrier bandwidths, i.e., M = 10/5 interlaces for 15/30 kHz SCS.
· Does PUCCH need to be supported on 10 MHz channels given that the WID objective states “10 MHz Pcell or SpCell is not supported in NR-U”

[bookmark: _Toc17755480]2.4	Configurability of Interlace Transmission
Description:
Open Issue #3 listed in Section 2.1

	Company
	View/Position

	Qualcomm
	[bookmark: OLE_LINK3]Observes that both contiguous and interlaced designs must be supported for PUSCH/PUCCH. For PUSCH, support RRC configuration of different modes (interlace only vs. dynamic interlace/contiguous)

	Huawei
	[bookmark: OLE_LINK8]Either of the NR Rel-15 Type-0, the NR Rel-15 Type-1 and the NR-U interlaced PUSCH RA schemes can be semi-statically configured. Dynamic switching between Type0 and interlace or between Type1 and interlace supported.

	Intel
	Support interlace transmission of PF0/1 prior to dedicated configuration of PUCCH resources.
Observation: PUCCH resource set prior to dedicated configuration of PUCCH resources can not support contigous (Rel-15) allocation, since Rel-15 PF0/1 cannot meet 2 MHz minimum OCB requirement.

	Nokia
	Support Rel-15 (contiguou) PUSCH with Type 0,1 RA in addition to interlace PUSCH
Support dynamic indication of interlace/non-interlace transmission

	Sharp
	Dynamic switching between interlace/non-interlace for PUCCH
Support contiguous (Rel-15) allocation for PUSCH and PUCCH

	Ericsson
	Semi-static configuration of interlacing on/off is sufficient. A flag in SIB1 can be used for PUSCH/PUCCH prior to dedicated configuration, and a flag in RRC for PUCCH/PUCCH after dedicated configuration.

	ZTE
	Support both contiguous and interlaced designs for PUSCH and PUCCH.
Dynamic switching between Type0,Type1 and interlace supported.



Further discussion on configurability of interlaced transmission structured as follows: 
· PUCCH
· PUCCH resource sets prior to dedicated configuration of PUCCH resources
· How to configure contiguous (Rel-15) vs. interlaced allocation?
· Indication via SIB1?
· PUCCH resource sets after dedicated configuration of PUCCH resources
· How to configure contiguous (Rel-15) vs. interlaced allocation?
· RRC configuration in PUCCH-Config?
· PUSCH
· PUSCH transmission prior to dedicated configuration, i.e., Msg3 PUSCH
· How to configure contiguous (Rel-15) vs. interlaced allocation
· Indication via SIB1?
· PUSCH after dedicated configuration
· How to configure/indicate contiguous (Rel-15) vs. interlaced allocation for each of the following cases?
· PUSCH scheduled by DCI 0_1
· PUSCH scheduled by DCI 0_0
· Configured grant Type 1
· Configured grant Type 2
· Frequency hopping
· Disabled if interlaced PUSCH/PUCCH configured/indicated?
[bookmark: _Toc17755481]3	PUCCH Design
[bookmark: _Toc8398211][bookmark: _Toc17755482][bookmark: _Toc5100797][bookmark: _Toc5596044][bookmark: _Toc5596358][bookmark: _Toc1970562]3.1	Open Issues for Interlaced PUCCH
The main aspect of the above WID objective states that extension of PUCCH format(s) to support PRB-based frequency block-interlaced transmission shall be specified. Relating to this, the following agreement was made at RAN1#96:
[bookmark: _Hlk16545041]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

This agreement states that for a 20 MHz carrier bandwidth, at least Rel-15 PUCCH formats PF2 and PF3 are enhanced to support mapping to physical resources of at least one full interlace. The two FFS points were resolved in RAN1#97 with the following two agreements:
[bookmark: _Hlk16541806]Agreement #2:
Support enhancement of Rel-15 PUCCH formats PF0 and PF1 as follows:
· Mapping to physical resources of one full interlace in 20 MHz.
· 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: Decisions on the above should be based on at least performance using the agreed MCL metric and specification impact
· Note: Interlaced PF2 and 3 are not enhanced to support 1-2 bit payloads

[bookmark: _Hlk16542915]Agreement #3:
For enhanced Rel-15 PF3 supporting interlaced mapping, do not replace DFT-s-OFDM with CP-OFDM

Based on the above discussion, the following open items are identified:
Open Issues
1. Sequence type and mapping alternatives for interlaced PF0/1 as per Agreement #2
2. Mechanism to support user multiplexing for interlaced PF2/3 as per Agreement #1
3. PUCCH bandwidth configuration
· The above agreements touch on PUCCH bandwidth; however, at least Agreement #2 is somewhat ambiguous considering prior agreements on interlace design, specifically the how one shall interpret “…full interlace in 20 MHz”
· This issue is related to the FFS in the working assumption in Section 2 on “partial interlace allocation”

[bookmark: _Toc17755483][bookmark: _Toc5596361][bookmark: _Toc5596047][bookmark: _Toc8398214][bookmark: _Toc535588817][bookmark: _Toc5100799][bookmark: _Toc1970563]3.2	Sequence Type and Mapping for Interlaced PF0/1
Description:
Open Issue #1 listed in Section 3.1. 
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

Agreement #2 also contains the following note:
· Note: Decisions on the above should be based on at least performance using the agreed MCL metric and specification impact
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In the following table, a high-level summary of the performance and specification impact is included. A double asterisk (**) indicates companies providing evaluation results according to the agreed evaluation assumptions, i.e., evaluation of MCL and CM. A single asterisk (*) indicates companies providing evaluation results of CM only.
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	Company
	View/Position
	High Level Summary of Performance and Specification Impact According to Agreement #2
	Comments

	
	
	Qualitative performance considering agreed at least MCL (other previously agreed metrics not precluded, e.g., CM, required SNR, etc.)
	Qualitative specification impact of alternatives 
(Major, moderate, minor)

	

	Qualcomm*
	Alt-1a
E-PF0: Support increased user mux capacity through TD-OCC2 for 2-symbol PF0. Cyclic shift step size depends on HARQ payload, presense/absense of SR.
E-PF1: Support increased user mux capacity by allowing modulation symbol to change across PRBs of interlace.
	Alt-1a has 0.2/2.4/1.2 dB CM advantage vs. Alt-1b/2/3 
	
	Evaluated CM of Alt-1a/b, Alt-2, and Alt-3 for E-PF0.

	Huawei**
	Alt-2
FFS whether to increase user mux capacity of E-PF0
	Alt-3 has significantly worse MCL and CM compared to Alt-1a/b,2
MCL values amongst Alt-1a/b,2 are within +/- 0.2 dB
CM values amongst Alt-1a/b,2 are within +/- 0.3 dB
	
	Evaluated MCL and CM of Alt-1a/b,Alt2, and Alt-3 for E-PF0
Proposes detailed design of group number u mapped to each PRB 

	Intel
	Alt-1a
	
	Alt-1a has least specification impact
	

	LG*
	Downselect between
Option 1: Alt-1a or Alt-1b depending on # of PRBs in interlace
Option 2: Alt-1b
	Alt-3 has significantly worse CM compared to other alternatives
	
	Evaluated CM of Alt-3 for E-PF0.

	MediaTek*
	Alt-1a
Support increased UCI payload for E-PF0/1 by introducing coding on top of the assignment of cyclic shifts over PRBs of interlace.
	Cyclic shift cycling for Alt-1a results in 7.5 dB improvement in CM compared to no cycling
	
	Evaluated CM of Alt-1a for E-PF0

	DOCOMO
	Alt-1a
	
	Large spec impact for Alt-2/3
Minimal for Alt-1a
	

	Nokia**
	Alt-3a (Same as Alt-3 in agreement)
Use same sequence as PF3 DMRS without modification.
	Similar MCL for Alt-1a/3a/3b
Lowest CM for Alt-3b
Similar CM for Alt-1a/3a
High CM for Alt-1b/2
	Alt-1a: High
Alt-1b: High
Alt-2: High
Alt-3a: Low
Alt-3b: Medium
	Evaluated MCL and CM of Alt-1a/b,Alt2, and Alt-3a/b for E-PF0

	Panasonic**
	Alt-1a
	Lowest CM is for Alt-1a among Alt-1a, 2 and 3
Show similar detection performance results amongst alternatives
Investigates impact of different cyclic shift cycling patterns of Alt-1a. Simplest one (incrementing CS by 1 for each PRB) performs well.
	
	Evaluated MCL and CM of Alt-1a,Alt2, and Alt-3 for E-PF0

	Samsung
	Alt-1a
	
	Alt-1a has lowest spec impact – like CS hopping; simply add PRB index
	

	Sharp
	Alt-1b
No additional user mux introduced for interlaced PF0/1
	
	
	

	Spreadtrum
	Alt-1a/b
	
	Alt-1a/b have low specification impact due to simple modification of phase rotation formula in 38.211 to add PRB index


Alt-2: incompatible when pucch-GroupHopping = ‘neither’ or ‘disable’ the group number u is fixed 
Alt-3: high spec impact
	

	WILUS
	Alt-1a/b
Discuss enhancing user mux capacity of interlaced PF0/1 using OCCs
	
	Alt-2 complicates cell planning
	

	vivo*
	Alt-1b
	CM for Alt-1b approximately 0.2 dB better than Alt-1a.
	Alt-1a/b: No spec impact since phase rotation can be transparent to receiver
	Evaluated CM of Alt-1a/b for E-PF0.

	ZTE**
	Alt-1a/b with Alt-1b preferred
	Lowest CM for Alt-1a and 1b
Alt-1b approximately 0.3 dB better than Alt-1a.
Similar detection performance amongst alternatives
	Alt-1a: Sequentially ascending or descending CSs work well (minimal spec impact).
Alt-1b: Phase shifts per PRB sufficient – look-up table of size 30.
Alt-2: Lookup table of group number values for 30 different groups
	Evaluated CM and MCL performance of Alt-1a/b, Alt-2, and Alt-3 for E-PF0.

	Ericsson**
	Alt-1a
	Alt-1a has 1 dB CM advantage vs. Alt-3. Greater advantage vs. Alt-2.
Alt-1a and Alt-3 have similar MCL
	
	Evaluated MCL of Alt-1a, Alt-3 and CM of Alt-1a/2/3 for E-PF0

	
	
	
	
	





Summary of above table:
· 5 companies performed full evaluation of detection performance and resulting MCL for Interlaced PF0 according to agreed simulation assumptions
· 4 companies showed that Alt-1a/b/2/3 have similar MCL
· 1 company showed that Alt-3 had inferior MCL compared to Alt-1a/b/2
· 10 companies performed numerical evaluation of the cubic metric (CM) for Interlaced PF0
· A large majority of companies show that either Alt-1a or b has the lowest CM amongst the alternatives
· Difference in CM between Alt-1a/b is approximately +/- 0.2 dB
· A large majority of companies show that Alt-3 has significantly inferior CM compared to the other alternatives
· One company shows that Alt-3 has the lowest CM amongst the alternatives
· One company shows that Alt-2 has similar CM as for Alt-1a/b
· 8 companies have commented on specification impact
· 6 companies quote that Alt-1a and b have low specification impact
· 1 company quotes that Alt-1a and b have high specification impact
· 1 company quotes that Alt-2 complicates cell planning
· Company preferences (with or without evaluation results)
· Alt-1 or b: 13 companies
· Alt-2: 1 company
· Alt-3: 1 company
Based on reported performance evaluations and analysis of specification impact, and company views, the following is the recommendation from the feature lead. 
Agree to the following proposal
Proposal
· The four alternatives in the RAN1#97 agreement on enhanced Rel-15 PUCCH formats PF0 and PF1 are down-selected to the following two. Further down-selection to one of these alternatives (plus resolution of the associated FFS) to occur this meeting.
· Alt-1a: Cycling of cyclic shifts across PRBs of the interlace
· FFS: Cyclic shift ordering
· Alt-1b: Phase rotation across PRBs of the interlace where the phase rotation is per PRB
· FFS: Phase rotation design
· Note: Down-selection should be based on specification impact and performance in terms of PAPR/CM and MCL
· Note: Performance results shall be accompanied by details of the cyclic shift ordering (for Alt-1a) and the phase rotation design (for Alt-1b) to enable resolution of the FFS for the selected alternative in RAN1#98b.

The following aspects were discussed offline in order to help with down-selection
· Specification Impact:
· In general, RAN4 may need to visit requirements on interlace transmission (as for LTE-LAA)
· Alt-1a:
· Required to introduce PRB index (within interlace) in cyclic shift hopping function
· Alt-1b:
· Two scenarios:
· Alt-1: Phase rotations transparent to RAN1 specs
· RAN4 may need to introduce new requirement on MPR in order to ensure CM is managed.
· Whether or not this over and above what RAN4 needs to consider for interlace transmission in general can be further discussed
· Coherent detection at gNB not possible
· Alt-2: Phase rotations specified in RAN1 specs (CM optimized)
· No additional impact on RAN4
· Allows coherent detection at gNB
· Performance
· Similar performance for Alt-1a and Alt-1b in terms of MCL and CM (depends on implementation used in each company’s evaluation)

[bookmark: _Toc17755484]3.3	User-multiplexing for Interlaced PF2/3
Description:
Open Issue #2 listed in Section 3.1. Previously, it has been 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, several different multiplexing options exist, although there is some convergence. It should be further discussed which ones are supported and for which PUCCH formats considering spec impact and performance.
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In the following table, a high-level summary of company views is included. An asterisk (*) indicates companies providing evaluation results.
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	Company
	View/Position
	High Level Summary of Performance considering agreed evaluation metrics
	Comments

	Qualcomm*
	E-PF2: Support mux of 1,2,4,8 users (TD-OCC for 2-symbol PF2). OCC cycling across PRBs of an interlace

E-PF3: Support mux of 1,2,3,4,6, and 12 users. UCI mux is by pre-DFT OCC over entire interlace (like PF4). DMRS mux by different cyclic shifts of a long Z-C sequence spanning all RBs of interlace.
For E-PF2/3, support 1 and 2 interlaces (20 PRBs), but user mux only in the case of 1 interlace
	
	Simulation results of CM of FD-OCC2,4 comparing no OCC cycling vs. post OCC cycling (long vs. per-PRB)

	Huawei
	Support configuration of no CDM
Support E-PF2/3 on one or more interlaces
	
	

	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?
	
	

	MediaTek
	Support user multiplexing for E-PF2/3
E-PF2: FD-OCC 2/4
E-PF3: Reuse multiplexing design for PF4
Frequency hopping (interlace hopping) supported on top of interlaced PUCCH transmission
	
	

	DOCOMO
	Do not support user mux for E-PF2/3
	
	

	Samsung
	E-PF2: F-CDM for UCI, T/F-CDM for DMRS + OCC cycling to manage CM/PAPR
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
	
	

	Intel
	E-PF2: FD-OCC up to length 4
E-PF3: Pre-DFT OCC spread 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: FD-OCC for 1 symbol (max 4 users), FD+TD-OCC for 2 symbols (max 8 users) 
E-PF3: Pre-DFT OCC (as for PF4)
	For 2-symbol E-PF2, 8 user mux shows 2 dB or greater MCL degradation vs. 4 user mux 
	Evaluation results for 4 user mux for 1 symbol E-PF2 and 8 user mux for 2 symbol E-PF2

	Ericsson*
	E-PF2: FD-OCC with max 2/4 user mux for 1 / 2 symbols
E-PF3: Pre-DFT OCC as in PF4 with max 4 user mux.
	E-PF2: Degradation beyond 2 / 4 users for 1 / 2 symbols
E-PF3: No degradation for up to 4 users. Degradation for > 4 users for 4 symbol E-PF3.
	Evaluation results for E-PF2 with mux of 1, 2, 4, 8 users depending on # symbols (1 or 2) and E-PF3 with mux of 1, 2, 4, 6 users
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Agree to the following proposal
· Support a user-multiplexing mechanism for both UCI and reference symbols for interlaced PF2 and PF3 as follows:
· For interlaced PF2
· User multiplexing is based on OCCs applied in at least the frequency domain
· Support 1 and 2 users on both 1-symbol and 2-symbol PF2
· FFS: Support for 4 users on 2-symbol PF2. Down-select between OCC applied in the [time or frequency] domain
· Support a mechanism for controlling CM/PAPR
· FFS: Details of mechanism, e.g., OCC cycling across PRBs of an interlace
· For interlaced PF3
· User multiplexing is based on the application of pre-DFT OCCs on both the UCI and reference symbols like in legacy (Rel-15) PF4
· Support 1, 2, and 4 users for all PF3 durations (4 – 14 OFDM symbols)

[bookmark: _Toc17755485][bookmark: _Toc5100801][bookmark: _Toc5596050][bookmark: _Toc8398215][bookmark: _Toc5596364][bookmark: _Toc8247947]3.4	Interlaced PUCCH Bandwidth Configuration
Description:
Open Issue #3 listed in Section 3.1

	Company
	View/Position

	Qualcomm
	[bookmark: OLE_LINK9]Support only 20 MHz Interlaced PUCCH bandwidth for Rel-16 

	Huawei
	Interlaced PUCCH should be confined within the minimum nominal channel bandwidth, i.e. 20 MHz  partial interlace allocation for a wideband carrier

	MediaTek
	Restrict Interlaced PUCCH resource to be within one LBT sub-band
Re-interpret startingPRB and nrofPRBs to mean starting interlace and number of contiguou interlaces
Introduce explict parameter to indicate LBT subband

	Nokia
	Interlaced PUCCH confined to 20 MHz sub-band only

	OPPO
	Interlaced PUCCH confined to 20 MHz sub-band only

	Ericsson
	Restrict PUCCH to be 10 consecutive PRBS of an interlace  20 MHz. Configurability of a starting PRB index allows PUCCH to be positioned with a particular LBT sub-band

	ZTE
	Support only 20 MHz Interlaced PUCCH bandwidth for Rel-16

	Sharp
	Interlaced PUCCH confined to 20MHz sub-band only

	Lenovo, Motorola Mobility
	Interlace-based PUCCH design is confined within 20 MHz bandwidth.



[bookmark: _Toc16863541]Agree to the following proposal
· [bookmark: _Toc16863542]A PUCCH resource configured with interlaced mapping spans consecutive PRBs of one interlace within a BWP, where the interlace index is configurable. If the BWP spans less than 10 consecutive PRBs of the interlace, the PUCCH resource spans all PRBs of the interlace within the BWP. Otherwise, the number of PRBs shall not exceed 10, regardless of the bandwidth of the BWP/carrier.
· [bookmark: _Toc16863543]FFS: Configurability of the starting PRB of the PUCCH resource
· FFS: Potential impact due to in-carrier guard bands
· FFS: Whether and how an interlaced PF2/3 resource can be configured on 2 interlaces to increase the number of allocated PRBs beyond 10.

[bookmark: _Toc17755486]4	PUSCH Design
[bookmark: _Toc17755487][bookmark: _Toc5596051][bookmark: _Toc8398216][bookmark: _Toc5596365][bookmark: _Toc5100802][bookmark: _Toc1970560][bookmark: _Toc535588814][bookmark: _Toc1970559][bookmark: _Hlk535468427][bookmark: _Toc535588813]4.1	Open issues for Interlaced PUSCH
As discussed in Section 1, considering both the WID objectives and the guidance from RAN, the main open issue for PUSCH is frequency domain resource allocation signalling considering that PUSCH can be transmitted using an interlace structure. For interlace transmission, a mechanism is needed for indicating which interlaces are allocated to the UE for PUSCH transmission, and potentially which portion of an interlace if “partial interlace allocation” is agreed (see FFS item in working assumption in Section 2.1).
PUSCH can be transmitted in a variety of ways: it can be scheduled by DCI 0_0 or 0_1, it can be the result of a Type 1 or Type 2 configured grant, or it can be transmitted prior to dedicated RRC configuration, e.g., Msg3 PUSCH based on the UL grant in the RAR message (Msg2) carried by MAC.
It is important to review all 3 of these methods, and review the number of bits that are available in Rel-15 for signalling of frequency domain resource allocation.
In NR Rel-15, two resource allocation (RA) types are defined:
· Type 0: Non-contiguous allocation using a bitmap where each bit represents an RBG. The RBG size depends on the number of PRBs in the BWP
· Type 1: Contiguous allocation using RIV, which indicates a start RB and a bandwidth (in RBs) within the BWP
· 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
PUSCH Scheduled by DCI 0_1 and DCI 0_0
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
Table 1 lists the number of bits provided by DCI for Type 0 and Type 1. These values are for the case of a 20 MHz carrier/BWP consisting of 106/51 PRBs for 15/30 kHz SCS. If both RA types are configured, the number of bits is one more than that shown in the table for Type 0. Configuration 1 and 2 in the table refer to the configurable RBG size for Type 0, e.g., 4 and 8, respectively, for the case of 51 PRBs. Note that for wider carrier bandwidths (> 20 MHz), the number of bits provided by DCI scales as the number of PRBs increases.
Table 1: Number of bits provided by DCI for frequency domain resource allocation (RA) Type 0 and Type 1 for the case of a 20 MHz BWP (106/51 PRBs for 15/30 kHz SCS). Configuration 1 and 2 refer to the nominal RBG size defined in in 38.214 Section 6.1.2.2.1.
	SCS
	RA Type 0
	RA Type 1

	
	Configuration 1 (Smaller RBG Size)
	Configuration 2 (Larger RBG Size)
	

	15 kHz (106 PRBs)
	14
	7
	13

	30 kHz (51 PRBs)
	13
	7
	11



PUSCH Transmission by Configured Grant Type 1 and 2
For Configured Grant (CG) Type 1 and 2 in Rel-15, the RA type is configured by RRC as for dynamic PUSCH, i.e., RA Type 0, RA Type 1, or both. For CG Type 1, the frequency domain resource allocation is indicated by RRC, and is a fixed 18 bit field, regardless of bandwidth (see the frequencyDomainAllocation parameter in ConfiguredGrantConfig IE in 38.331). For CG Type 2 the RA it is indicated by the frequency domain resource assignment field in DCI as described above.
PUSCH Transmission according to UL Grant in RAR (Msg2)
For PUSCH transmissions according to the UL grant in RAR (Msg2), the number of bits used for indicating frequency domain resource allocation is 14 as given by Table 8.2-1 in 38.213:
· Table 8.2-1: Random Access Response Grant Content field size
	RAR grant field
	Number of bits

	Frequency hopping flag
	1

	PUSCH frequency resource allocation
	14

	PUSCH time resource allocation
	4

	MCS
	4

	TPC command for PUSCH
	3

	CSI request
	1



Based on the above discussion, the following is the main open issue for PUSCH design
Open Issue
1. Frequency domain resource allocation signalling for interlaced PUSCH considering all methods for interlaced PUSCH transmission
· PUSCH scheduled by DCI 0_0 or 0_1
· PUSCH based on a Type 1 or Type 2 configured grant
· Msg 3 PUSCH scheduled by the UL Grant in RAR (Msg2)
· Whether/how to support partial interlace allocation

[bookmark: _Toc17755488]4.2	Frequency domain resource allocation (RA) for Interlaced PUSCH
Description:
Open Issue #1 listed in Section 4.1.

	Company
	View/Position

	Qualcomm
	Separate RA modes (RRC configurability): (1) Interlace only, (2) Legacy + interlace (dynamic switch?). Waveform affects resource allocation.
For CBW* > LBW*, allocated subband(s) are indicated.
Support partial (interleaved) resource allocation on an interlace

	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.
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 by DCI
Partial interlace allocation supporting LBT sub-bands

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

	MediaTek
	20 MHz CBW:
For 15 kHz SCS: Enhance Type 1 (RIV) to indicate starting interlace and #contiguous interlaces. Unused RIV states for indicating non-contiguous interlace allocations.
For 30 kHz SCS: Enhance Type 1 (Bitmap) to indicate allocated interlaces
>20 MHz CBW:
Indicated allocated interlaces. Indicate sub-bands. Allocation is the intersection of the two.

	DOCOMO
	15 kHz SCS: 6-bits for RIV-based interlace allocation as in LTE-LAA
30 kHz SCS: 5-bits for bitmap based interlace allocation as in NR Type 0
Additional bitmap for allocated sub-bands

	Panasonic
	Partial interlace allocation. RIV indicates which interlaces + indication of LBT sub-band(s)

	Nokia
	For CBW > LBW:
Support partial interlace allocation: intersection of RIV (start PRB, #PRBs) with indicated interlace indices
Support dynamic indication of interlace/non-interlace transmission. MSB of FD RA field in DCI 0_1 can be configured to indicate dynamic Type 0 / 1 or interlaced / Type 1
Support almost-contiguous PUSCH to mux wide contiguous PUSCH and interlaced PUSCH
Introduce mechanism in DCI for indicating reserved interlaces

	ZTE
	Consider both Type 0 (bitmap) and Type-1 (RIV) for interlace allocation.
Indicate LBT sub-band index

	Samsung
	Reinterpret Type-1 RA: RIV indicates start interlace and # contiguous interlaces. For CBW>LBW, indicate sub-band indices as well. 

	Sharp
	Bitmap indicates which interlaces out of M interlaces are allocated.
A RIV-like method indicates which LBT sub-bands.

	Spreadtrum
	Support at least Type 1

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

	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 1 (RIV based) PUSCH frequency domain resource allocation. Observe that Msg3 PUSCH supports only Type 1 RA.

	Ericsson
	Support solution similar to Solution #2 outlined in the discussion below


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

There appears to be consensus to support signalling to indicate which interlaces are allocated – this is the most basic functionality that is needed. Hence, a first level agreement is targeted for that at least. Further discussion is needed on how to support partial interlace allocation.
Agree to the following proposal
· For interlaced PUSCH transmission in a BWP, [X] bits of the PUSCH frequency domain resource allocation field are used for indicating which combination of M interlaces is allocated to the UE.
· This applies to PUSCH of the following types:
· Msg3 PUSCH
· PUSCH Scheduled by fallback and non-fallback DCI
· Type 1 and Type 2 Configured Grant PUSCH
· FFS: Whether all interlace combinations are supported or a restricted subset of combinations
· FFS: Value of X for 30 kHz SCS (M = 5 interlaces) and for 15 kHz SCS (M = 10 interlaces), and whether or not X is the same or different for the two SCS values.

There is significant support for the introduction of partial interlace allocation. This proposal also tries to capture that all partial interlaces reside within the same bandwidth, i.e, this agreement is intended to preclude full allocation of some interlaces and partial of others.

Agree to the following proposal
· For interlaced PUSCH transmission in a BWP, support partial allocation of the interlaces indicated by the [X] bits of the PUSCH frequency domain resource allocation field
· The partial interlaces are confined within the same bandwidth
· This applies to PUSCH of at least the following types
· PUSCH scheduled by non-fallback DCI
· Type 2 Configured Grant PUSCH activated by non-fallback DCI
· Type 1 Configured Grant PUSCH
· FFS: Signalling details of partial interlace allocation for
· Non-fallback DCI
· RRC (for Type 1 CG)

Further offline discussion on signalling details of partial interlace allocation structured as follows:
· Non-fallback DCI
· At least three general solutions are identified involving different mixes of RRC and DCI signaling
· Solution 1 (RRC + DCI): Indication of resources included in PUSCH allocation
· Figure 1(a) shows an example for the case of 4 contiguously scheduled LBT sub-bands
· Green blocks indicate scheduled sub-bands; dashed red blocks indicate in-carrier guards (not scheduled)
· RRC is used to configure the PRB index ranges for the 10 possible contiguous allocations
· ceil(log2(10)) = 4 bits are used in DCI to indicate which one of the 10 pre-configured patterns is allocated for PUSCH
· The UE computes the intersection of the pattern with the allocated interlaces to obtain the overall PUSCH allocation
· Total DCI overhead = X + 4
· Note: A variant of this solution is that only the first 4 PRB ranges in Fig. 1(a) are configured in RRC and a 4-bit bitmap indicates which sub-band combinations are scheduled. While the RRC signalling is slightly less, the DCI overhead is the same, i.e., X + 4.
· Solution 2 (RRC + DCI): Indication of resources excluded from PUSCH allocation 
· Figure 1(b) shows the same example of 4 contiguously scheduled LBT sub-bands
· Red blocks indicate which PRBs are excluded from the PUSCH allocation; dashed green blocks indicate which PRB ranges are scheduled
· RRC is used to configure the PRB index ranges for the 10 possible patterns of resources that are excluded from the PUSCH allocation
· This is similar to PRB-level rate matching patterns defined for the downlink in Rel-15, except that rather than RRC configuring PRB level bitmaps, a set of PRB range indices is configured.
· ceil(log2(10)) = 4 bits are used in DCI to indicate which one of the 10 rate matching patterns is used to determine the PUSCH allocation
· The UE applies the rate matching pattern mask to the allocated interlaces to obtain the overall PUSCH allocation
· Total DCI overhead = X + 4
· Note 1: This scheme can be generalized such that more than 10 rate matching patterns are configured in RRC. For example, if the gNB would like to inform the UE of resources that are reserved, e.g., SRS allocation of another user, PRACH allocation of another user, or any other pattern that may not be known to the UE so that the UE can rate match PUSCH around those resources. Such is flexible – not limited to LBT sub-bands – and offers forward compatibility.
· Note 2: Rather than PRB ranges, PRB-level bitmaps can be used for the rate matching patterns as used in the DL for Rel-15.
· Solution 3 (DCI only): Indication of resources included in PUSCH allocation
· Rather than RRC configuring resources that are / are not available for PUSCH allocation, DCI could indicate a range of contiguous PRBs or RBGs that are allocated for PUSCH completely in DCI, i.e., no RRC configuration
· A start and length mapped to RIV can be used similar to Type1 resources allocation
· Assume Y bits required
· The UE computes the intersection of the indicated PRB range with the allocated interlaces to obtain the overall PUSCH allocation
· Total DCI overhead = X + Y 
· RRC (for Type 1 CG)
· Any of Solution 1, 2, or 3 can be re-used as is with the exception that
· The X bits selecting the interlace combination are configured by RRC instead of signalled by DCI
· The 4 (or Y) bits indicating the resources that are / are not available for PUSCH are configured by RRC instead of signalled in DCI
[image: ]
	(a)	(b)
Figure 1 Example of partial interlace allocation for PUSCH where partial interlaces correspond to contiguously scheduled LBT sub-bands. (a) Indication of resources included in allocation; (b) Indication of resources excluded from allocation. Both (a) and (b) require RRC configuration of 10 PRB ranges and 4 bits in DCI to select one of the 10 allocations.

[bookmark: _Toc535588821][bookmark: _Toc1970566][bookmark: _Toc5596367][bookmark: _Toc8398218][bookmark: _Toc5100805][bookmark: _Toc8247950][bookmark: _Toc5596053][bookmark: _Toc17755489]5	SRS Enhancements
[bookmark: _In-sequence_SDU_delivery][bookmark: _Toc17755490][bookmark: _Toc1970569][bookmark: _Toc5596056][bookmark: _Toc5596370][bookmark: _Toc535588823][bookmark: _Toc8398220][bookmark: _Toc5100808][bookmark: _Toc535588825]5.1	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.


	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.

	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: _Toc17755491]5.2	Other Enhancements
Description:
During the SI phase [2], several SRS enhancements were discussed. It has already been agreed to support additional OFDM symbol locations within a slot for an SRS resource. The other enhancements from the SI have been de-prioritized by RAN (see Section 1). Several companies have identified yet more miscellaneous enhancements, and those are listed here.
Alternatives:
· Alt-1:

	Company
	View/Position

	Qualcomm
	Add CP to SRS to reduce gaps to 16 us or less between SRS resources in the same slot used to support transmit antenna switching  

	vivo
	For SRS transmission with antenna switching in NRU, LBT gap is created within SRS resource

	
	

	
	



Further offline discussion if additional SRS enhancements are needed
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