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[bookmark: _Toc1970552][bookmark: _Toc5596041][bookmark: _Toc535588806][bookmark: _Toc8398209][bookmark: _Toc5100795][bookmark: _Toc17755475][bookmark: _Toc8247940][bookmark: _Toc5596355][bookmark: _Toc21841004][bookmark: _Toc21841175][bookmark: _Toc22050945]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.
The following is an outline of the feature lead summary:


2	PUCCH Design	
2.1	Open Issues	
2.2	Cyclic Shift Ordering for Interlaced PF0/1	Agreement
2.3	Two Interlaces for Interlaced PF2/3	Agreement
2.4	BWP Less than 20 MHz	Discussion
2.5	User-multiplexing for Interlaced PF2/3	FL Proposals (RRC Impact)
2.6	Indication of Interlace Allocation for Cell-Specific PUCCH Resource	
2.6.1	Indication of Allocated Interlace	Discussion
2.6.2	Indication of Interlace Mapping	Agreement(RRC Impact)
2.7	Indication of Interlace Allocation for Dedicated PUCCH Resources	
2.7.1	Indication of Allocated Interlace(s) and Location Within Interlace(s)	Agreement (RRC Impact)
2.7.2	Indication of Interlace Mapping	FL Proposal (RRC Impact)
3	PUSCH Design	
3.1	Open Issues	
3.1.1	Review of Frequency Domain Resource Allocation in Rel-15	
3.2	Interlace Indication for 15 kHz SCS	FL Proposal
3.3	Partial Interlace Indication for PUSCH	FL Proposal
3.4	Indication of Interlace Mapping	
3.4.1	Cell-Specific PUSCH	Agreement(RRC Impact)
3.4.2	UE-Specific PUSCH	FL Proposal (RRC Impact)
4	Rel-15 Limitations on Configured UL Transmissions	New DISCUSSION (RRC impact)
5	SRS Enhancements	
5.1	Triggering of aperiodic SRS	Discussion
5.2	Other Enhancements	Discussion

[bookmark: _Toc5100796][bookmark: _Toc8247941][bookmark: _Toc5596042][bookmark: _Toc5596356][bookmark: _Toc8398210][bookmark: _Toc17755481][bookmark: _Toc21841176][bookmark: _Toc22050946][bookmark: _Toc1970558][bookmark: _Toc535588812]2	PUCCH Design
[bookmark: _Toc8398211][bookmark: _Toc17755482][bookmark: _Toc21841177][bookmark: _Toc22050947][bookmark: _Toc5100797][bookmark: _Toc5596044][bookmark: _Toc5596358][bookmark: _Toc1970562]2.1	Open Issues
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

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

The FFS on the sequence type and mapping were resolved in RAN1#98 with the following agreement:
Agreement #4:
Alt-1a (Cycling of cyclic shifts across PRBs of the interlace) is selected from the four alternatives in the RAN1#97 agreement on enhanced Rel-15 PUCCH formats PF0 and PF1 
· FFS: Cyclic shift ordering
Note: from vivo perspective, the spec-transparent scheme performs similar to the above agreed solution (which has RAN1 spec impact)

An additional pair of agreements was made in RAN1#98 regarding PUCCH bandwidth configuration:
Agreement #5:
A bandwidth occupied by a PUCCH resource does not exceed the bandwidth corresponding to a 20 MHz carrier/LBT bandwidth

Agreement #6:
A PUCCH resource configured with interleaved mapping occupies consecutive PRBs within at least one interlace within a BWP. The PUCCH resource configuration includes the following:
· An indication of the allocated interlace
· An indication of the location of the PUCCH resource within the allocated interlace
· Note: This may not be needed for a bandwidth part of 20 MHz or less
· The number of PRBs NPUCCH within the allocated interlace given by the following:
· For Interlaced PF0/1/2:
· NPUCCH = 10 or 11 depending on the allocated interlace
· For Interlaced PF3:
· NPUCCH = 10
· FFS: Whether/how an interlaced PF2/3 resource can be configured on 2 interlaces to increase the number of allocated PRBs to 20, 21, or 22 depending on the allocated interlaces
· FFS: Whether or not the BWP can be configured such that NPUCCH is less than 10 or 11
· FFS: Potential impact due to in-carrier guard bands
· Note: The UE is not expected to be configured with PUCCH transmissions spanning multiple LBT bandwidths

Based on these agreements the main open issues that need to be treated are the following:
1. Cyclic shift ordering for interlaced PF0/1 (Agreement #4)
2. Whether/how an interlaced PF2/3 resource can be configured on 2 interlaces (Agreement #6)
3. Mechanism to support user multiplexing for interlaced PF2/3 (Agreement #1)
4. Indication of interlace allocation for both cell-specific and dedicated PUCCH resources (Agreement #6).
· Both the indication of the allocated interlace and the indication of the location of the PUCCH resource within the allocated interlace need to be considered.
[bookmark: _Toc5596361][bookmark: _Toc5596047][bookmark: _Toc8398214][bookmark: _Toc535588817][bookmark: _Toc5100799][bookmark: _Toc1970563]
[bookmark: _Toc21841178][bookmark: _Toc22050948][bookmark: _Toc17755484]2.2	Cyclic Shift Ordering for Interlaced PF0/1
Description:
Open Issue #1 in Section 2.1.
[bookmark: _Toc11324485]38.211 contains the below text regarding cyclic shift hopping for PF0/1. In the formula for cyclic shift hopping,  is the initial cyclic shift. For dedicated PUCCH resources, this is provided by RRC as part of the PUCCH format configuration. For cell-specific PUCCH resources, this is provided by SIB1 through an index to a particular row of Table 9.2.1-1 in 38.213. The variable  is a cyclic shift index in the range 0 .. 11 and depends on the information being carried by PF0, i.e., HARQ-ACK (1 or 2 bits), positive SR, etc.

6.3.2.2.2	Cyclic shift hopping
The cyclic shift  varies as a function of the symbol and slot number according to


where
-	 is the slot number in the radio frame
-	 is the OFDM symbol number in the PUCCH transmission where  corresponds to the first OFDM symbol of the PUCCH transmission,
-	 is the index of the OFDM symbol in the slot that corresponds to the first OFDM symbol of the PUCCH transmission in the slot given by [5, TS 38.213]

-	 is given by [5, TS 38.213] for PUCCH format 0 and 1 while for PUCCH format 3 and 4 is defined in subclause 6.4.1.3.3.1

-	 except for PUCCH format 0 when it depends on the information to be transmitted according to subclause 9.2 of [5, TS 38.213].

The function  is given by
	



where the pseudo-random sequence  is defined by subclause 5.2.1. The pseudo-random sequence generator shall be initialized with , where  is given by the higher-layer parameter hoppingId if configured, otherwise .
Alternatives:
· Alt-1: Cyclic shift hopping function is of the following form where  is a PRB index within the interlace
· Alt-2:  Cyclic shift hopping function is of the following form where  is a PRB index within the interlace and SR is 0 for PF1 and when SR is absent for PF0 and 1 when SR is present for PF0



	Company
	View/Position
	Observations From Evaluations

	Apple
	Alt-1 where  is a configurable
	

	Intel*
	Alt-1 where  is selected from the set {1,5,7,11}

	Extensive CM evaluations provided
Found that there is little benefit from optimizing CM by having the cyclic shift order depend on the base sequence or the initial cyclic shift.
{5,7} have lowest 95th percentile CM,  but difference between {1,3,5,7} is less than 0.1 dB.

	LG
	Alt-1 with 
	

	MediaTek*
	Alt-1 where  is selected from the set {1,5,7,11}
Proposes enhanced user multiplexing by expanding cyclic shift pool size from 12 to 24 or 48.
	{1} has have lowest 95th percentile CM – but difference between {1,3,5,7} is less than 0.3 dB.

	DOCOMO
	Alt-1 with 
	

	OPPO
	Proposal 1: Rel.15 design principle such as the reference cyclic value representing AN/AN+SR should be reused for interlaced PUCCH PF0. 
Proposal 2: In a cyclic shift group, the relation between the cyclic shift members should be defined so that any one cyclic shift member is known, the rest cyclic shift members can be derived. 
Proposal 3: The position offset dimension can be used to compensate for the multiplexing capacity loss due to interlaced PUCCH PF0.
Proposal 4: The interlaced PUCCH PF1 can be readily extended from interlaced PUCCH PF0 following Rel.15 design principle.
	

	Panasonic*
	Alt-1 where  is selected from the set {1,5,7,11}
Propose enhanced user multiplexing by use of multiple cyclic shift cycling patterns.
	CM evaluations provided

	Qualcomm*
	Interlaced PF0: Enhanced user multiplexing by using  for negative SR,  for positive SR.
Interlaced PF1: Alt-1 with , but user multiplexing is enhanced by using two different modualtion symbols sequences for positive/negative SR. 
	MCL evaluations provided for Interlaced PF0 with 1 user and 3 users.

	Samsung
	Alt-1 with 
	

	Spreadtrum
	For cyclic shift ordering, each UE can be configured with an initial cyclic shift to be applied in RB0 of the interlace. The other cyclic shifts to be used on the nth RB in the interlace is determined as


	

	WILUS
	Alt-1 with 
Should discuss increasing UE multiplexing capacity for Interlaced PF0/1
	

	ZTE
	Alt-1 with  (ascending or descending)
	

	Vivo*
	Alt-1 where  is selected from {5,7}
	CM evaluations provided
{1,3,5,7} have similar performance in terms of CM. {5, 7} can achieve slightly lower CM.

	Ericsson*
	Alt-1 with 

	CM evaluations provided
Exhaustive search of the following orderings:

where  and  for .
Optimal ordering corresponds to 
Difference between  and  less than 0.1 dB

	 Huawei*
	Alt-1 with 
	CM evaluations with exhaustive search. 
The maximum CM is ~0.1 dB lower for  than for .


* Asterisk indicates companies providing evaluations

The following was agreed on-line:

Agreement:
· For PUCCH formats 0 and 1 configured with an interlace mapping, the formula for cyclic shift hopping in Section 6.3.2.2.2 of 38.211 is given by



where  indexes consecutive PRBs within an interlace starting with the lowest indexed PRB of the PUCCH resource within the BWP. N is the number of PRBs in an interlace (10 or 11).
· FFS: The step size  is down-selected to one value amongst {1,5,7,11}
· The decision on which value to select is based on minimizing the 95th percentile CM
· FFS: For PF0, whether or not the above formula  includes an additional term  in order to increase user multiplexing from 1 to 3 in case of 2-bit ACK/NACK + SR (SR = 1 for positive SR and 0 for negative SR)
· FFS: In order to increase user multiplexing capacity for PF0, PF1, introduction of *(i+i0) into the formula instead of *i  where i+i0 is modulo N, and i0 is configurable in the range {0, 1, …, N-1}.
· This mechanism may create collisions when the user multiplexing capacity is increased (i0 is not 0)

Fun fact:

With , this is equivalent to stepping through the 12 semi-tones of an octave by perfect fifths (7 semi-tones) resulting in the well-known “Circle of Fifths.” Because 7 and 12 are relative prime, no note is repeated in one trip around the circle.
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	9/27	
[bookmark: _Toc21841179][bookmark: _Toc22050949]2.3	Two Interlaces for Interlaced PF2/3
Description:
Open Issue #2 in Section 2.1.
Alternatives:
· Alt-1: Support configuration of either 1 or 2 interlaces for E-PF2/3
· Alt-2: Support 1 interlace only


	Company
	View/Position

	Huawei
	Alt-1. 
In general, the PUCCH resource allocation for E-PF2/3 needs to be enhanced to handle the case where UCI payload, which according to Rel-15 behavior, is insufficient to occupy a full interlace, e.g., by letting the number of PRBs of the interlace be the minimum number of allocated PRBs.

	Intel
	Alt-1. If 2 interlaces allocated, with equal spacing between allocated interlaces (i.e. the 2 allocated interlaces result in a interlace structure with uniform inter-PRB separation)

	LG
	Alt-1

	MediaTek
	Alt-1. If 2 interlaces allocated, they are contiguous.

	DOCOMO
	Alt-1

	Nokia
	Alt-1. For PF3, PUCCH resource can be 10 or 20 PRBs (1 or 2 interlaces)

	Panasonic
	Alt-1: If 2 interlaces allocated, they are contiguous

	Qualcomm
	Alt-1

	Samsung
	Alt-1. UE determines if 1 or 2 interlaces are used based on payload and coding rate

	Sharp
	Alt-2

	Spreadtrum
	Alt-1

	ZTE
	Alt-1

	vivo
	Alt-1

	Ericsson
	Alt-1

	
	



The following was agreed on-line:
[bookmark: _Toc21841187][bookmark: _Toc22050950][bookmark: _Toc21841180]Agreement:
For PUCCH Formats 2 and 3 configured with interlace mapping, the number of configured interlaces is 1 or 2
· For Interlaced PF3:
· NPUCCH = 10 if one interlaced is configured (as previously agreed)
· NPUCCH = 20 if two interlaces are configured
· UE should use either one full interlace or two full interlaces according to configured maximum code rate and actual UCI payload size (subject to FFS below on the case of a BWP possible less than full carrier BW)
· FFS: In case one interlace is used, which interlace is used
· FFS: If two interlaces are configured, whether or not there are configuration restrictions on the spacing between the two interlaces
· FFS: For a 20 MHz carrier bandwidth, whether a BWP can be configured to be less than the carrier bandwidth. 
· If allowed, NPUCCH can be less than 10 (for 1 interlace) or can be less than 20 (for 2 interlaces)
· Note: This agreement refers to configured interlaces, not actually used interlaces. 
· Note: User multiplexing is to be further discussed. This agreement does not imply that user multiplexing is supported or not supported.
2.4	BWP Less than 20 MHz
Description:
Rel-15 allows a BWP to be configured smaller than the carrier bandwidth. Some discussion is needed on what to do in the case that interlace mapping is configured. In Agreement #6, there is the following open issue.
· FFS: Whether or not the BWP can be configured such that NPUCCH is less than 10 or 11

Alternatives:
For a carrier of 20 MHz bandwidth in which a BWP is configured to be less than the carrier bandwidth, the following alternatives are identified:
· Alt-1: An interlaced PUCCH resource spans the full BWP
· Note: this means that number of PRBs per interlace in a PUCCH resource can be less than 10 (for 1 interlace) or less than 20 (for 2 interlaces)
· Alt-2: It is not allowed to configure a BWP to be less than the carrier bandwidth
· Note: this means that the number of PRBs per interlace in a PUCCH resource is never less than 10 (for 1 interlace) or never less than 20 (for 2 interlaces)


	Company
	View/Position

	DOCOMO
	Alt-2?

	Spreadtrum
	Alt-2

	ZTE
	Alt-1

	Ericsson
	Alt-1

	Qualcomm
	Alt-1

	Intel
	Alt-1



Further discussion required

[bookmark: _Toc22050951]2.5	User-multiplexing for Interlaced PF2/3
Description:
Open Issue #3 listed in Section 2.1.
Previously, it has been agreed to support a mechanism to achieve user-multiplexing for both the data (UCI) and reference symbols (DMRS) of PUCCH Formats 2 and 3; however, the details of the design are still open. While several different options have been identified by companies, there does appear to be some convergence.
In the following table, a high-level summary of company views is included. An asterisk (*) indicates companies providing evaluation results.

	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 1,2,4 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
	
	Evaluations results of CM of FD-OCC2,4 comparing no OCC cycling vs. post OCC cycling (long vs. per-PRB)

	Huawei*
	E-PF2: FFS whether to support OCCs. If OCCs decided, support OCC1; support CM reduction mechanism
E-PF3: Support pre-DFT OCC (symbol repetition); support 1,2,4,6,8 users
	For E-PF3, significantly lower CM from symbol repetition prior to pre-DFT precoder.
	Evaluation results of CM for symbol- and block repetition for E-PF3 with pre-DFT OCC.

	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: ?
FFS: User multiplexing for E-PF2/3 with 2 interlaces
	
	

	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 up to 8 users
E-PF3: FD and TD OCC for data, TD-OCC + CS for DMRS
	
	

	Intel
	E-PF2: FD-OCC up to length 4; OCCs on UCI and DMRS.
E-PF3: Pre-DFT OCC (blockwise repetition over whole interlace); Cyclic shifts on DMRS.
TD-OCC for E-PF3 and 2 symbol E-PF2 on top of frequency domain OCC.
No user multiplexing for E-PF2/3 with 2 interlaces
	
	

	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

	Vivo
	Do not support user mux for E-PF2/3
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Agree to the following proposal for Interlaced PF3
· Support a user-multiplexing mechanism for both UCI and reference symbols for interlaced PF3 when one interlace is configured as follows:
· User multiplexing for the UCI is based on the application of pre-DFT OCC with block-wise repetition in time domain followed by mapping over whole interlace in frequency (analogous to (Rel-15) PF4)
· User multiplexing for the reference symbols is based on the use of different cyclic shifts of the same base sequence for all multiplexed users. The base sequence is a Z-C sequence (as for legacy Rel-15 PF3) mapped to the PRBs of the interlace
· Length of ZC sequence = number of tones in the interlace
· FFS: Details of cyclic shift assignment
· Support 1, 2, and 4 users for all PF3 durations (4 – 14 OFDM symbols)
· Support an RRC parameter for indicating OCC configuration for interlaced PF3 (as below)
· FFS: Whether/how user multiplexing is supported for interlaced PF3 when two interlaces are configured
	Parameter Name
	(New) values
	New R16 vs extension of R15
	Per (UE, cell, TRP, …)
	Broadcast/dedicated
	Description
	Configuration restriction (if any)

	occ-Length-r16                                      
	FFS: value range
	new
	Per UL BWP
	Dedicated
	Add in PUCCH-format3. Indicates OCC length.

	Optional parameter. Configured only if interlace mapping is configured.

	occ-Index-r16                                     
	FFS: value range
	new
	Per UL BWP
	Dedicated
	Add in PUCCH-format3. Indicates OCC index.

	Optional parameter. Configured only if interlace mapping is configured.




Agree to the following proposal for Interlaced PF2
· Support a user-multiplexing mechanism for both UCI and reference symbols for interlaced PF2 when one interlace is configured as follows:
· User multiplexing is based on OCCs applied in at least the frequency domain to the UCI and reference symbols separately
· User multiplexing for the UCI is based on symbol-wise repetition within a PRB
· 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
· Support an RRC parameter for indicating OCC configuration for interlaced PF2 (see below)
· FFS: Whether/how user multiplexing is supported for interlaced PF2 when two interlaces are configured
	Parameter Name
	(New) values
	New R16 vs extension of R15
	Per (UE, cell, TRP, …)
	Broadcast/dedicated
	Description
	Configuration restriction (if any)

	occ-Length-r16                                      
	FFS: value range
	new
	Per UL BWP
	Dedicated
	Add in PUCCH-format2. Indicates OCC length.

	Optional parameter. Configured only if interlace mapping is configured.

	occ-Index-r16                                     
	FFS: value range
	new
	Per UL BWP
	Dedicated
	Add in PUCCH-format2. Indicates OCC index.

	Optional parameter. Configured only if interlace mapping is configured.




[bookmark: _Toc21841181][bookmark: _Toc22050952][bookmark: _Toc5100801][bookmark: _Toc5596050][bookmark: _Toc8398215][bookmark: _Toc5596364][bookmark: _Toc8247947][bookmark: _Toc17755486]2.6	Indication of Interlace Allocation for Cell-Specific PUCCH Resource
[bookmark: _Toc21841182][bookmark: _Toc22050953]2.6.1	Indication of Allocated Interlace
Description:
Open Issue #4 listed in Section 2.1.

In Rel-15, a cell-specific PUCCH configuration is broadcasted. The configuration is provided by the parameter pucch-ResourceCommon in the PUCCH-ConfigCommon IE which is signalled via SIB1 for PUCCH transmission(s) in the initial UL BWP of an SpCell. The parameter can take an integer value in the range 0 .. 15 which selects a row in Table 9.2.1-1 in 38.213. Based on the selected row, the UE determines a PUCCH resource configuration (PRB location, initial cyclic shift index, etc.) by a rule in Section 38.213 that depends on the PUCCH resource indicator in DCI ():
Table 9.2.1-1: PUCCH resource sets before dedicated PUCCH resource configuration 
	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset [image: ]
	Set of initial CS indexes

	0
	0
	12
	2
	0
	{0, 3}

	1
	0
	12
	2
	0
	{0, 4, 8}

	2
	0
	12
	2
	3
	{0, 4, 8}

	3
	1
	10
	4
	0
	{0, 6}

	4
	1
	10
	4
	0
	{0, 3, 6, 9}

	5
	1
	10
	4
	2
	{0, 3, 6, 9}

	6
	1
	10
	4
	4
	{0, 3, 6, 9}

	7
	1
	4
	10
	0
	{0, 6}

	8
	1
	4
	10
	0
	{0, 3, 6, 9}

	9
	1
	4
	10
	2
	{0, 3, 6, 9}

	10
	1
	4
	10
	4
	{0, 3, 6, 9}

	11
	1
	0
	14
	0
	{0, 6}

	12
	1
	0
	14
	0
	{0, 3, 6, 9}

	13
	1
	0
	14
	2
	{0, 3, 6, 9}

	14
	1
	0
	14
	4
	{0, 3, 6, 9}

	15
	1
	0
	14
	[image: ]
	{0, 3, 6, 9}



For the case of interlaced mapping, an open issue is how to indicate which interlace and cyclic shift is allocated to a PUCCH resource selected from the set of 16 PUCCH resources. One (simple) approach is that when the UE is indicated a particular row in Table 9.2.1-1, the rules in 38.213 Section 9.21 that determine which interlace and cyclic shift are allocated re-interpreted, e.g., RB index is re-interpreted as interlace index. Note that for the case of interlaced PUCCH, frequency hopping is not relevant, hence it makes sense to disable the end hop.
Alternatives:
· Alt-1: No change to Table 9.2.1-1 in 38.213. Re-interpretation of the rules in 38.213 Section 9.2.1 for selecting RB index interlace index and initial cyclic shift to account for interlaced PUCCH. The UE assumes there is no 2nd hop when interlace mapping is configured.
· Alt-2: Re-design of Table 9.2.1-1 in 38.213.

	Company
	View/Position

	Apple
	Alt-1? (Re-interpret the “PRB offset” column in Rel-15 default Table as interlace index)

	LG
	Further discuss whether PRB offset and frequency hopping is needed. Consider cell-specific interlace offset. 

	DOCOMO
	Alt-1

	Qualcomm
	Alt-2. Increase user multiplexing by introducing TD-OCC, increased number of cyclic shifts, increased SLIV combinations 

	Ericsson
	Alt-1

	Intel
	Alt-2 with essential modifications of the entries of Table 1, such that interlace index doesn’t exist 4/9 for 30/15 KHz SCS. Reinterpret PRB offset as starting interlace index and use the formula for PRB index of 1st hop for {floor(rPUCCH/8)=0} as in Rel-15 to derive interlace indexes for all values of rPUCCH. Also, consider the following aspects:
1. Use of non-zero TD-OCC for PUCCH format 1.
2. A set of First symbols (similar to set of initial CS indexes) for at least PUCCH format 0. Resulting PUCCH resources may not be aligned with slot boundary.
3. Increased number of CS indexes.
4. Whether to design separate tables for 15 and 30 KHz SCS.

	Sharp
	Alt-2. User multiplexing capacity should be enhanced since interlaced mapping requires more PRBs per UE.

	
	



Further discussion required on how to indicate interlace allocation and initial cyclic shift for cell-specific PUCCH configured with interlace mapping.

[bookmark: _Toc21841183][bookmark: _Toc22050954]2.6.2	Indication of Interlace Mapping
Description:
One aspect that has not yet been discussed is the configurability of interlace transmission for PUCCH, i.e., indicating whether interlaced transmission is enabled or disabled. 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 as well as discussions throughout the work item so far, it is the understanding of the feature lead that both Rel-15 resource allocation (contiguous) and interlaced allocation should be supported for PUCCH, and which one to select depends on the deployment scenario. For the case of a cell-specific PUCCH resource, an indication of whether or not interlace mapping is enabled would need to come in SIB1 since that is where the PUCCH resource configuration is indicated.

Alternatives:
· Alt-1: Support a higher layer parameter (broadcast in SIB1) to indicate whether interlaced mapping or contiguous (Rel-15) mapping is used for cell-specific PUCCH, e.g., for HARQ-ACK for Msg4
· 

	Company
	View/Position

	Intel
	Support interlace mapping for cell-specific PUCCH (Rel 15  single PRB PF0/1 doesn’t meet 2 MHz min. OCB requirement. Also, it has been already agreed that for contiguous allocation based PUCCH, only Rel-15 PF2/3 will be supported for NR-U operation)

	Ericsson
	Alt-1

	Sharp
	Alt-1: support a higher layer parameter (broadcast in SIB1) to indicate whether Rel-15 default table or a new default table (see our answer in section 2.6.1) is used for cell-specific PUCCH

	
	



Support the following higher layer parameter
	Parameter Name
	(New) values
	New R16 vs extension of R15
	Per (UE, cell, TRP, …)
	Broadcast/dedicated
	Description
	Configuration restriction (if any)

	interlaceMappingPUCCH-r16
	Parameter is either present or absent
	new
	Initial BWP
	Broadcast (SIB1)
	Configured in PUCCH-ConfigCommon
Indicates whether interlace mapping for cell-specific PUCCH transmissions in the initial UL BWP are enabled or disabled.
If the parameter is configured, interlaced mapping is enabled.
If the parameter is absent, interlace mapping is disabled and contiguous (Rel-15) mapping is used.
	If parameter is configured, UE assumes there is no second hop. 



The following was agreed on-line:
Agreement:
· Support configurability between interlace and contiguous (Rel-15) mappings for cell-specific PF0/1 resources, i.e., PUCCH resources configured prior to dedicated configuration
· If interlace mapping is configured, the UE assumes there is no frequency hopping
· RAN2 to decide how broadcast signaling (SIB1) is modified to support this configurability
· Enhancements of Rel-15 PF0/1 when interlacing is not used will not be considered as part of the NR-U work in Rel-16

[bookmark: _Toc21841184][bookmark: _Toc22050955]2.7	Indication of Interlace Allocation for Dedicated PUCCH Resources
[bookmark: _Toc21841185][bookmark: _Toc22050956]2.7.1	Indication of Allocated Interlace(s) and Location Within Interlace(s)
Open Issue #4 listed in Section 2.1.
In the email discussion concluded prior to RAN1#98b [4], the following RRC parameter was agreed for dedicated PUCCH resources; however, there are a number of FFSs that need to be addressed:
	Parameter Name
	(New) values
	New R16 vs extension of R15
	Per (UE, cell, TRP, …)
	Broadcast/dedicated
	Description
	Configuration restriction (if any)

	InterlaceAllocation-r16
	FFS value
	new
	Per UL BWP
	Dedicated
	Add in PUCCH-Resource. Indicates which interlace(s) are allocated for a PUCCH resource. 
FFS: How to indicate the location of the PUCCH resource within the allocated interlace(s).
FFS: Whether or not 2 interlace indices can be indicated for extended PUCCH format 2/3
	intraSlotFrequencyHopping should not be enabled and startingPRB/secondHopPRB should not be configured, when interlace based PUCCH formats are configured



Two things need to be indicated to the UE:
· Indication of the allocated interlace(s)
· At least one interlace needs to be indicated regardless of Interlaced PF0/1/2/3, and it is FFS whether a second interlace needs to be indicated for the case of Interlaced PF2/3
· Indication of the position of the PUCCH resource within the allocated interlace
· It has not yet been discussed how to indicate the position. One option is to refer to a list of configured RB ranges used to define the RB ranges (corresponding to LBT bandwidths) of a serving cell.

	Company
	View/Position

	Huawei
	Indicate the following: interlacing on/off; indice(s) of allocated interlace; index of LBT sub-band; number of allocated interlaces

	MediaTek
	Reuse startingPRB to indicate starting interlace. Introduce nrofInterlace to indicate 1 or 2 (contiguous) interlaces for PF2/3. Introduce subbandLocation to indicate LBT sub-band (could indicate multiple candidate sub-bands for a PUCCH resource)

	DOCOMO
	Allocated interlaces signaled in PUCCH-Resource and DCI

	Nokia
	Indicate LBT sub-band (could indicate multiple sub-bands for a PUCCH resource so PRI can select). Configuration of primary and secondary starting PRB of the PUCCH resource.

	Panasonic
	Include 1 bit indicating whether 1 or 2 interlaces is allocated.

	Qualcomm
	Re-interpret start PRB as interlace index
Indicate LBT sub-band
2nd interlace (reinterpret # of PRBs as 2nd interlace index) or UIE assumes 2nd interlace is the next highest index

	Samsung
	Configure starting interlace and # of interlaces (assumes contiguous)

	Sharp
	Number of PRBs does not need to be indicated

	vivo
	Indicate LBT sub-band location

	Ericsson
	Indicate 2nd interlace
LBT bandwidth can be indicated by providing an index to an RRC configured list of RB ranges. Each RB range in the list corresponds to an LBT Bandwidth.

	Intel
	Re-interpret start PRB as the starting interlace index.
Indicate LBT sub-band.
Use a 1-bit indication: 0 only 1 interlace is allocated; 1 a 2nd interlace is allocated with interlace index = mod( (interlaceIndex of the first interlace)+1,N), where N = 5/10 for 30/15 KHz SCS.
This 1-bit indication field is Optional. If present, UE will ignore the field “number of PRBs“.



Update the definition of the agreed parameter InterlaceAllocation-r16 as follows  
	Parameter Name
	(New) values
	New R16 vs extension of R15
	Per (UE, cell, TRP, …)
	Broadcast/dedicated
	Description
	Configuration restriction (if any)

	InterlaceAllocation-r16
	FFS value
	new
	Per UL BWP
	Dedicated
	Add in PUCCH-Resource. Indicates which interlace(s) are allocated for a PUCCH resource. 
FFS: How to indicate the location of the PUCCH resource within the allocated interlace(s).
FFS: Whether or not 2 interlace indices can be indicated for extended PUCCH format 2/3
	intraSlotFrequencyHopping should not be enabled and startingPRB/secondHopPRB should not be configured, when interlace based PUCCH formats are configured

	
	interlaceIndex1
	
	
	
	Indicates interlace index of first interlace
Value range is 0 .. 9
	

	
	interlaceIndex2

	
	
	
	Indicates interlace index of 2nd interlace
Value range is 0 .. 9
FFS: Whether or not this parameter is needed depending on if there are configuration restrictions on the spacing between the two interlaces
	Optional parameter depending on if 2nd interlace configured for PF2 or 3

	
	RBRangeIndex

	
	
	
	Indicates the RB range in which the PUCCH resource is configured (corresponds to an LBT bandwidth).
FFS: How RB Ranges per cell are signaled/derived
FFS: what this parameter is called
	Optional parameter. If serving cell contains only one RB range (corresponding to single LBT bandwidth), this parameter is not configured



The following was agreed on-line:
Agreement:
Update the RRC parameter InterlaceAllocation-r16 (defined for a dedicated PUCCH resource) with the following:
· Index of 1st interlace
· Indication of the 2nd interlace index (if 2nd interlace is configured)
· FFS: How the indication is achieved
· Indication of the LBT bandwidth location in which the PUCCH resource is configured

[bookmark: _Toc21841186][bookmark: _Toc22050957]2.7.2	Indication of Interlace Mapping
Description:
As described above for case of cell-specific PUCCH, an indication of whether or not interlace mapping is enabled is needed also for dedicated PUCCH resources.

Alternatives:
· Alt-1: Support a higher layer parameter (dedicated signalling) to indicate whether interlaced mapping or contiguous (Rel-15) mapping is used for dedicated PUCCH resources
· Alt-2: Support dynamic switching between interlaced mapping or contiguous mapping.


	Company
	View/Position

	Sharp
	Alt-2: For example, each PUCCH resource tied to either interlaced mapping or contiguous mapping.

	
	

	
	

	
	



Support the following higher layer parameter
	Parameter Name
	(New) values
	New R16 vs extension of R15
	Per (UE, cell, TRP, …)
	Broadcast/dedicated
	Description
	Configuration restriction (if any)

	interlaceMappingPUCCH-r16
	Parameter is either present or absent
	new
	Per BWP  
	Dedicated
	Configured In PUCCH-Config.
Indicates whether interlace mapping for dedicated PUCCH resources is enabled or disabled.
If the parameter is configured, interlaced mapping is enabled.
If the parameter is absent, interlace mapping is disabled and contiguous (Rel-15) mapping is used.
	If parameter is configured, frequency hopping is not configured



Agree to the following
· [bookmark: _Toc21841188][bookmark: _Toc22050958]Support an RRC parameter to enable configurability between interlace and contiguous (Rel-15) mappings for dedicated PUCCH resources, i.e., PUCCH resources configured by dedicated signaling
· If interlace mapping is configured, frequency hopping is not configured

3	PUSCH Design
[bookmark: _Toc17755487][bookmark: _Toc21841189][bookmark: _Toc22050959][bookmark: _Toc5596051][bookmark: _Toc8398216][bookmark: _Toc5596365][bookmark: _Toc5100802][bookmark: _Toc1970560][bookmark: _Toc535588814][bookmark: _Toc1970559][bookmark: _Hlk535468427][bookmark: _Toc535588813]3.1	Open Issues
The following agreement was made in RAN1#98 regarding the essential topic of “Interlaced PUSCH resource allocation design in DCI.”
Agreement #1:
· 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
· For 30 kHz SCS
· Support X = 5 (5-bit bitmap to indicate all possible interlace combinations)
· For 15 kHz SCS
· Down-select between the following two alternatives:
· Alt-1: Support X = 10 (10-bit bitmap to indicate all possible interlace combinations)
· Alt-2: Support X = 6 bits to indicate start interlace index and number of contiguous interlace indices (RIV) and using remaining up to 9 RIV values to indicate specific pre-defined interlace combinations

In addition, the following agreement regarding interlace structure was made in the same meeting:
Agreement #2:
The working assumption from RAN1 AH1901 is converted to an agreement with the following modifications:
· 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 

Based on these agreements the main open issues that need to be treated are the following:
1. Down-selection between Alt-1 and Alt-2 for interlace indication for 15 kHz SCS (Agreement #1)
2. Whether/how to support partial interlace allocation for PUSCH (Agreement #2)
· Note: Partial interlace allocation for PUCCH was already agreed last meeting according to Agreements #5 and 6 listed in Section 2.1
3. Indication of interlaced mapping vs. contiguous (Rel-15) mapping before and after dedicated configuration

[bookmark: _Toc21841190][bookmark: _Toc22050960]3.1.1	Review of Frequency Domain Resource Allocation in Rel-15
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, prior to making changes to support NR-U.
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



[bookmark: _Toc21841191][bookmark: _Toc22050961][bookmark: _Toc17755488]3.2	Interlace Indication for 15 kHz SCS
Description:
Open Issue #1 listed in Section 3.1
Alternatives:
· Alt-1: Alt-1 in RAN1 #98 agreement (X = 10 bits)
· Alt-2: Alt-2 in RAN1 #98 agreement (X = 6 bits)

	Company
	View/Position

	Huawei
	Alt-2 with same non-contiguous interlace allocations as in eLAA

	Intel
	Alt-2

	LG
	Alt-2

	Lenovo/Motorola
	Alt-2

	MediaTek
	Alt-2

	DOCOMO
	Alt-2

	Nokia
	Alt-2

	Panasonic
	Alt-2

	Qualcomm
	Alt-2

	Samsung
	Alt-2

	Sharp
	Alt-1

	Spreadtrum
	Alt-2

	WILUS
	Alt-2

	ZTE
	Alt-2

	Vivo
	Alt-2

	Ericsson
	Alt-1

	
	



Support the following
· From the RAN1#98 agreement on interlace indication for PUSCH, the following alternative is down-selected:
· For 15 kHz SCS
· Alt-2: Support X = 6 bits to indicate start interlace index and number of contiguous interlace indices (RIV) and using remaining up to 9 RIV values to indicate specific pre-defined interlace combinations
· FFS: Which pre-defined (non-contiguous) interlace combinations are supported

[bookmark: _Toc21841192][bookmark: _Toc22050962]3.3	Partial Interlace Indication for PUSCH
Description:
Open Issue #2 listed in Section 3.1.

	Company
	View/Position

	Fujitsu
	Support partial interlace indication
Field in DCI for indicates which set of sub-bands are allocated for PUSCH 

	Qualcomm
	Support partial interlace indication
Indicate allocated LBT sub-bands (contiguous only) through RIV based signaling

	Huawei
	Support partial interlace indication
Indication in units of LBT sub-bands

	LG
	Support partial interlace indication: contiguous and/or non-contiguous LBT sub-bands
For contiguous sub-bands, UE can use guard bands between contiguous sub-bands
RB Range for each sub-band is RRC configured by gNB

	MediaTek
	Support partial interlace indication
Indication in units of LBT sub-bands. UE determines allocation by intersection between allocated interlace(s) and allocated sub-bands

	DOCOMO
	Support partial interlace indication
Bitmap indicates LBT bandwidths
DCI 0_0/0_1, Type2 CG: bitmap signaled in DCI
Type1 CG: bitmap signaled in RRC

	Panasonic
	Support partial interlace allocation.
Indicate allocated LBT sub-bands

	Nokia
	Support partial interlace indication
Y bits of the frequency domain resource allocation field are used to indicate sub-band combinations. Signaling supports only contiguous sub-band allocations. Y depends on SCS and number of LBT sub-bands and the carrier bandwidth (Y can be 0 for the case of 20 MHz carriers).

	ZTE
	Support partial interlace indication
Indicate allocated LBT sub-bands or 

	Samsung
	Partial interlace indication
Non-fallback DCI: Support partial interlace indication – sub-bands are indicated in DCI
Fall-back DCI: Support partial interlace allocation – no sub-band field in DCI. UE transmits PUSCH in whole UL active BWP or within the DL sub-band on which it received the PUSCH grant

	Sharp
	Partial interlace indication (but not a partial interlace spanning more than one sub-band)
Bitmap indicates allocated LBT sub-bands

	Spreadtrum
	Partial interlace indication
Units of sub-bands

	WILUS
	Support partial interlace indication
Joint encoding of (contiguous) allocated LBT sub-bands and allocated interlaces

	vivo 
	Support partial interlace allocation for wideband operation
Indicated the allocated sub-bands

	Intel
	Support partial interlace indication
Allocated sub-bands are indicated

	Ericsson
	Support partial interlace indication
Y bits in the frequency domain resource allocation field can be used to indicate an RRC configured PRB-level rate matching pattern, where the rate matching patterns include the allowed sub-band combinations

	
	



There is significant support for the introduction of partial interlace allocation and that the allocation should be done in units of LBT bandwidths.

Agree to the following proposal
· For interlaced PUSCH transmission in a BWP, Y bits of the PUSCH frequency domain resource allocation (FDRA) field are used for indicating which set of RB ranges (corresponding to LBT bandwidths) is allocated to the UE 
· This applies to PUSCH of at least the following types
· PUSCH scheduled by fallback and non-fallback DCI
· Configured Grant PUSCH Type 2 (FDRA indicated by DCI)
· Configured Grant PUSCH Type 1 (FDRA configured by RRC)
· A list of RB ranges is configured by RRC in which each RB range indicates the RBs available for scheduling and the Y bits indicate one or more elements in the list
· FFS: Restrictions on the indication, e.g., contiguous, non-contiguous LBT bandwidths
· FFS: UE assumptions on the allocation of intra-carrier guard bands
· FFS: For a 20 MHz carrier bandwidth, whether a BWP can be configured to be less than the carrier bandwidth. If allowed, the number of allocated PRBs per interlace can be less than 10

[bookmark: _Toc21841193][bookmark: _Toc22050963][bookmark: _Toc535588821][bookmark: _Toc1970566][bookmark: _Toc5596367][bookmark: _Toc8398218][bookmark: _Toc5100805][bookmark: _Toc8247950][bookmark: _Toc5596053][bookmark: _Toc17755489]3.4	Indication of Interlace Mapping
As mentioned previously in the context of PUCCH, it is the understanding of the feature lead that both Rel-15 resource allocation (contiguous) and interlaced allocation should be supported for PUSCH, and which one to select depends on the deployment scenario. Both cell-specific and dedicated PUSCH need to be considered. 

[bookmark: _Toc21841194][bookmark: _Toc22050964]3.4.1	Cell-Specific PUSCH 
Description:
Open Issue #3 listed in Section 3.1.
Cell-specific PUSCH is configured in PUSCH-ConfigCommon signalled in SIB1 and is used for PUSCH transmissions prior to dedicated configuration, e.g., Msg3.

Alternatives:
· Alt-1: Support a higher layer parameter (broadcast in SIB1) to indicate whether interlaced mapping or contiguous (Rel-15) mapping is used for cell-specific PUSCH, e.g., Msg3
· Alt-2: 

	Company
	View/Position

	Samsung
	Alt-1

	Ericsson
	Alt-1

	
	



Support the following higher layer parameter
	Parameter Name
	(New) values
	New R16 vs extension of R15
	Per (UE, cell, TRP, …)
	Broadcast/dedicated
	Description
	Configuration restriction (if any)

	interlaceMappingPUSCH-r16
	Parameter is either present or absent
	new
	Initial BWP
	Broadcast (SIB1)
	Configured in PUSCH-ConfigCommon
Indicates whether interlace mapping for cell-specific PUSCH in the initial UL BWP (e.g., Msg3) is enabled or disabled.
If the parameter is configured, interlaced mapping is enabled.
If the parameter is absent, interlace mapping is disabled and contiguous (Rel-15) mapping is used.
	If parameter is configured, UE assumes there is no second hop. 



The following was agreed on-line:
Agreement:
· Support configurability between interlace and contiguous (Rel-15) mappings for cell-specific PUSCH (e.g., msg3), i.e., PUSCH transmitted prior to dedicated configuration
· If interlace mapping is configured, the UE assumes there is no frequency hopping
· RAN2 to decide how broadcast signaling (SIB1) is modified to support this
· Cell specific PUSCH and PUCCH can only be configured to both have interlaced mapping or to both have non-interlaced mapping

[bookmark: _Toc21841195][bookmark: _Toc22050965]3.4.2	UE-Specific PUSCH
Description:
Open Issue #3 listed in Section 3.1
UE-specific PUSCH in a BWP is configured in PUSCH-Config for the case of PUSCH transmissions after dedicated configuration. In Rel-15, Type0 or Type1 or dynamic switching between Type0/Type1 is resource allocation is supported.

Alternatives:
· Alt-1: Within a BWP, do not support dynamic (DCI-based) switching between interlaced and Rel-15 resource allocation (Type 0/1). RRC based configuration only.
· Alt-2: Within a BWP, support dynamic (DCI-based) switching between interlaced and Rel-15  resource allocation (Type 0/1).

	Company
	View/Position

	Huawei
	Alt-2: Dynamic switching between (a) Type 0 and Type 1 (as in Rel-15) (b) Type 0 and Interlaced, (c) Type 1 and Interlaced

	LG
	Alt-2

	Nokia
	Non-fallback DCI
· Support Type 0 and Type 1 as in Rel-15
· Alt-2: Dynamic switching between (a) Type 0 and Type 1 (as in Rel-15) (b) Type 1 (contiguous) and Interlaced
· For a UE, support different number of interlaces allocated in each sub-band (almost contiguous allocation)
Fallback DCI
· Alt-2: Dynamic switching beween Type 1 (contiguous) and Interlaced (by default)

	Qualcomm
	Alt-2: Dynamic switching between Type 1 (contiguous) and Interlaced. Contiguous LBT-subbands only.

	Samsung
	Alt-1

	Ericsson
	Alt-1

	Sharp
	Both fallback and Non-fallback DCI support
Alt-2: Dynamic switching between contiguous and Interlaced, if configured by SIB

	
	



Support the following higher layer parameter
	Parameter Name
	(New) values
	New R16 vs extension of R15
	Per (UE, cell, TRP, …)
	Broadcast/dedicated
	Description
	Configuration restriction (if any)

	interlaceMappingPUSCH-r16
	FFS
	new
	Per BWP  
	Dedicated
	Configured In PUSCH-Config and ConfiguredGrantConfig
Indicates interlace mapping is to be used for UE-specific PUSCH
FFS: Whether/how dynamic switching is supported between interlaced resource allocation and Rel-15 RA (Type0/1) for PUSCH scheduled by DCI 0_0/0_1 and for Type2 CG.
	If parameter is configured, frequency hopping is not configured



Agree to the following
· For PUSCH transmissions after dedicated configuration, support an RRC parameter to enable configurability between interlace resource allocation and Rel-15 (Type 0/1) resource allocation
· This applies to PUSCH of the following types:
· PUSCH Scheduled by fallback and non-fallback DCI
· Type 1 and Type 2 Configured Grant PUSCH
· If interlace mapping is configured, frequency hopping is not configured
· FFS: Whether/how dynamic (DCI based) switching is supported between interlaced resource allocation and Rel-15 RA (Type0/1) resource allocation 

[bookmark: _Toc21841196][bookmark: _Toc22050966]4	Rel-15 Limitations on Configured UL Transmissions
Description:
In what follows, the discussion is in the context of uplink transmissions that are configured by higher layers. Such uplink transmissions are referred to here as configured UL (CUL) transmissions in the sense that once they are configured, they are autonomously transmitted.
Configured UL (CUL) transmissions include the following:
· PUCCH carrying scheduling requests (SR)
· PUCCH carrying periodic CSI resports
· Configured grant PUSCH transmissions
· Periodic SRS
· PRACH
In unlicensed spectrum, it is likely that UEs will be either not configured with a semi-static TDD pattern or if they are configured with one, symbols will be indicated as flexible (‘F’) due to the unpredictability of channel access. At the same time, group common signalling (GC-PDCCH) via DCI Format 2_0 has been identified as a useful tool for indicating the COT structure in both the time and frequency domains, provision of LBT information, dynamic switching of PDCCH monitoring behaviour, etc.
According to Rel-15 rules (Section 11 in 38.213), CUL transmissions can be highly restricted in the case when the UE is configured to monitor DCI Format 2_0. To illustrate the issue, the following scenarios are of interest:
· UE is configured to monitor for DCI format 2_0, and
· UE is configured with a semi-static TDD pattern (Scenario A-1), or
· UE is NOT configured with a semi-static TDD pattern (Scenario A-2)
· UE is NOT configured to monitor for DCI format 2_0 (Scenario B)
For Scenario B, there is no issue. CUL transmissions are allowed in a set of symbols in a slot that are either indicated as uplink (‘U’) or flexible (‘F’) if a semi-static TDD pattern is configured or are not indicated any transmission direction in the case that no semi-static TDD pattern is configured.
In contrast, once a UE is configured to monitor for DCI 2_0 (Scenarios A-1/A-2) there can be heavy restrictions on CUL transmissions. Specifically, in Scenario A-1 where the semi-static TDD pattern indicates ‘F’ or in Scenario A-2 where there is no semi-static TDD pattern configured, CUL transmissions are cancelled if the UE does not detect DCI 2_0. The only way to avoid the CUL transmissions from being cancelled is for the UE to detect an indication of ‘U’ by DCI Format 2_0. There is one exception to this rule: in a duration of time immediately after the UE monitors for DCI Format 2_0, CUL transmissions are not cancelled. The duration of time depends on the UE processing capability (PUSCH preparation time) and is in the range 5 to 12 symbols. The issue is illustrated in the top of Figure 1 (Rel-15 behavior).
[image: ]
[bookmark: _Ref21687024]Figure 1: UE behaviour for configured UL (CUL) transmissions when DCI 2_0 is configured, but not detected.
This issue can be highlighted using the example of PUCCH carrying SR. Normally, SR is transmitted autonomously when a UE has data to transmit. With the above rules for Scenario A-1/A-2, it means that DCI 2_0 must be received indicating the PUCCH symbols as ‘U’ before the SR can be transmitted. In other words, a DL signal must be received before the SR can be transmitted, which goes against the fundamentally autonomous nature of SRs. The issue is exacerbated in unlicensed spectrum where LBT can prevent such a DL signal to be transmitted. Similar issues exist for the other CUL transmission types in the above list.
While such behaviour could be useful in some scenarios, it causes problems for efficient operation of NR in unlicensed spectrum. Based on this some change to UE behaviour seems to be needed. The bottom part of Figure 1 suggests one option for new behaviour.
Alternatives:
· Alt-1: For Scenario A-1/A-2, introduce new behavior for configured UL (CUL) transmissions in a set of symbols for the case when DCI 2_0 is configured but not detected. The new behaviour includes the ability to control whether CUL transmissions are allowed or cancelled.
· 

	Company
	View/Position

	Ericsson
	Alt-1. New behavior is needed for unlicensed operation.

	Vivo
	The issue also exists for some DL transmissions since the current spec describes that if the UE is configured by higher layers to receive PDSCH or CSI-RS in the set of symbols of the slot, the UE does not receive the PDSCH or the CSI-RS in the set of symbols of the slot, so we think this issue can be disscussed in the GC-PDCCH session to ptentially make solutions for both DL and UL transimission.

	
	

	
	



Agree to the following
For a UE configured to monitor for DCI format 2_0:
· [bookmark: _GoBack]Support an RRC parameter that enables configurability between Rel-15 behavior and new behaviour for CUL transmissions in a set of symbols of a slot for the case when the UE does not detect a DCI 2_0 format providing a slot format for the slot
· The new UE behavior includes the following
· Ability to configure whether or not CUL transmissions are allowed or cancelled, including during in the PUSCH preparation time
· Ability to cancel CUL transmissions in the DRS transmission window
· Note 1: This applies to both the following scenarios
· The UE is configured with a semi-static TDD pattern in which ‘F’ is indicated for the set of symbols of the slot
· The UE is not configured with a semi-static TDD pattern
· Note 2: Configured UL (CUL) transmissions are UL signals/channels configured by higher layers:
· PUCCH
· Configured Grant PUSCH
· Periodic SRS
· PRACH


[bookmark: _Toc21841197][bookmark: _Toc22050967]5	SRS Enhancements
[bookmark: _In-sequence_SDU_delivery][bookmark: _Toc17755490][bookmark: _Toc1970569][bookmark: _Toc5596056][bookmark: _Toc5596370][bookmark: _Toc535588823][bookmark: _Toc8398220][bookmark: _Toc5100808][bookmark: _Toc21841198][bookmark: _Toc22050968][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 dropping rules for aperiodic SRS resource when LBT is not successful in specific LBT bandwidths.

	ZTE
	Support additional flexibility in triggering aperiodic SRS, i.e. allowing SRS to be transmitted in the next UL after slot n+k.

	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 discussion required on behaviour for aperiodic SRS
[bookmark: _Toc17755491][bookmark: _Toc21841199][bookmark: _Toc22050969]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
Enhance DCI Format 2_3 with timing update fields for triggering multiple UEs simultaneously to transmit aperiodic SRS.

	vivo
	For SRS transmission with antenna switching in NRU, LBT gap is created within SRS resource
Define prioritization reults when SRS collides with PUSCH/PUCCH

	Intel
	Multiple starting positions for ap-SRS

	
	



Further discussion required on whether additional SRS enhancements are needed
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