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[bookmark: _Ref71620620][bookmark: _Ref124589665][bookmark: _Ref129681832][bookmark: _Ref124671424]Introduction
This document summarizes the contributions submitted under the “7.2.2.2.4 Configured grant enhancement” agenda item on NR-based access to unlicensed. In each section, open issues are listed, and for each issue, alternatives are identified including individual company view/position. Following conclusion on contention window adjustment, sharing of UE initiated COT with gNB and CG-UL transmission within gNB acquired COT was reached in RAN1#AH1901. Thus, discussion on these topics are avoided in this summary.Conclusion:
The following aspects should be discussed further as part of the channel access discussions 
· Contention window adjustment
· Details of COT sharing related to NRU configured grant including details and limitations on UE-initiated COT sharing with gNB and configured grant UL transmissions within gNB acquired COT 


Resource configuration
2.1 Time domain resource configuration
The key issue to be decided here is how to configure CG resource in time domain resources, there are two alternatives identified, 1) Bitmap based approach as baseline with potential enhancement and 2) NR Rel-15 based time domain resource allocation approach as baseline with potential enhancement. Several companies provided their views on time domain resource allocation.

Proposal:
Down select between Alt1 and Alt2,

· Alt. 1: Bitmap based approach with potential enhancement, there are three slightly different variants. 
In Rel-15 NR, the resource can be configured with periodicity of 2 symbols, 7 symbols or multiple of slot. It should be clarified whether/how to support symbol level resource with bitmap.

· Opt1: RRC configures bitmap of [X] bits indicating allowed slot for configured grant UL transmission regardless of numerology
· Opt2: RRC configures a bitmap of [X] bits to indicate which subframes (1 ms in duration, regardless of which numerology is used)
· Opt3: Different granularity for each bit in the bitmap can be considered according to SCS

· Alt. 2: NR Rel-15 based time domain resource allocation approach as baseline with potential enhancement
Few issues as below are discussed in contributions, further details are required.

· Multiple burst starting positions within a period with configurable granularity 
· Repetition times can be considered as pre-configured transmission occasions
· Determination of multiple candidate transmission occasions within a period


[LG] It is mentioned that the support of periodicity with 2 symbols or 7 symbols is necessary for Alt .1. However, even in Alt .2, if the periodicity is configured with 2 symbols or 7 symbols, the resource for configured grant is allocated to every slot, which seems undesirable for NR-U operation. Since both of two alternatives may need to be modified to support 2 symbol or 7 symbol periodicity, we propose to focus on the slot level time domain resource allocation, with some modifications for each alternative.
For Alt. 1, the difference between the Opt 3 and Opt1/Opt2 is not clear. Also for Alt.2, it seems necessary to clarify the three sub-bullets. For example, if the start symbol and length in SLIV are indicated as 3 and 7, respectively, and the periodicity and repetition time are configured as 4 slots and K = 2, two slots are candidates for transmission within 4 slots and each slot may contain separate TB. In NR, the configured grant PUSCH can be transmitted each occasion with starting at symbol 3 and duration of 7. However, the SLIV needs to be re-interpreted to fill the gap between consecutive slots if allocated starting or ending symbol does not coincide with slot boundary. Based on the above observations, the modified proposal is as follows:
· At least for slot-level time domain resource allocation for configured grant transmission, down select between Alt1 and Alt2.
· Alt. 1: Bitmap based approach with potential enhancement, there are two slightly different variants. 
· Opt1: RRC configures bitmap of [X] bits indicating allowed slot for configured grant UL transmission regardless of numerology
· Opt2: RRC configures a bitmap of [X] bits to indicate which subframes (1 ms in duration, regardless of which numerology is used)
· Alt. 2: NR Rel-15 based time domain resource allocation approach as baseline with the following enhancement to interpret the parameters (i.e., offset, periodicity, repetition time K, SLIV) to configure Re-15 configured grant transmission
· Repetition time K: K units within a periodicity are the candidate transmission occasions and each slot contains separate TB.
· SLIV: Re-interpretation to fill the gap between consecutive slots if allocated starting or ending symbol does not coincide with slot boundary
· FFS on how to reinterpret SLIV
· FFS for symbol-level time domain resource allocation

Proposal: (companies are encouraged to discuss/propose other requirements this week)
· Mini-slot level configured grant transmission is supported
· Back to back mini-slot/slot level configured grant transmission is supported


Proposal: 
· NR Rel-15 based time domain resource allocation approach as baseline
· Alt1: Enhancement based on bitmap approach to flexibly restrict some of the time domain resources 
· Alt2: reinterpreting some of the time configuration parameters to achieve multiple starting candidates
· Alt3: introduce additional time duration parameter to achieve multiple starting candidates

· Bitmap based approach, similar to FeLAA AUL
· 
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Company views:
	Company
	Summary of Proposal

	Huawei
	· NR-U should consider to enhance the time domain allocation of configured grant based on NR R15 (Alt. 2 in the last agreement). Basic enhancements should at least include:
· Total duration of the time-domain resources within a period 
· Reinterpretation of the K-repetition as the number of configured resources within a period
· FFS: Reinterpretation is based on the SCS configured for the respective active UL BWP 
· Multiple burst starting positions within a period with configurable granularity such as slot or mini-slot

	ZTE
	· The resource allocation modes adopted for NR licensed configured grant transmission can be the baseline for NR-U configured grant. And repetition times can be considered as pre-configured transmission occasions within the periodicity.

	vivo
	· For configured grant resource configuration in time domain, NR Rel-15 based time domain resource allocation approach as baseline with potential enhancement should be supported.
· For NR-U UL configured grant, UE determines multiple candidate transmission occasions within a period based on the first candidate transmission occasion, duration of PUSCH and period P.

	OPPO
	· RRC configured resource with bitmap indication in time domain and dynamically allocated resource in frequency domain can be considered for CG-PUSCH. 

	LG
	· For flexible time-domain resource allocation, adopt bitmap based time domain resource allocation considering various numerologies for CGU PUSCH and CGU-specific starting/ending position configured by higher layer signaling.

	Nokia
	· Use a bitmap of [X] bits (via RRC signalling) to indicate which subframes (1 ms in duration, regardless of which numerology is used) are allowed for configured grant UL transmission. FFS: the value of X=40.

	Sony
	· 
· Support Opt.2, where slot-level indication is adopted. Before determining whether the option is numerology independent, the size of the bitmap needs to be studied first: fixed size [40]bits, or could be extended to [80]bits, [160]bits, and so on. 

	Samsung
	· NR-U configured grant should support bitmap based the time resource allocation. Different granularity for each bit in the bitmap can be considered according to SCS.

	Intel
	· A bitmap of 40-bits length is used, where the bitmap indication is at the slot level.

	NEC
	· Bitmap is adopted for configured grant resource configuration in time domain. Some additional information of special slot in which has offset at the front of slot should also be indicated.

	Ericsson
	· [bookmark: _Toc1153185]RRC configured Bitmap of X bits is used to indicate which CG time resources to disable even if enabled by CG-Periodicity configuration.
· [bookmark: _Toc1153186]FFS: the resolution of the bitmap

	Qualcomm
	· A bitmap is used to indicate the slot level time domain resource allocation for NR-U configured grant




2.2 Frequency domain resource configuration
The key issue to be decided and discussed here is whether and how to enhance the frequency domain resource configurations. Few contributions proposed to support multiple frequency domain opportunities for configured grant in NRU. 

Proposal:
Given the lack of input and the discussion on wide-band operation is still ongoing, it is proposed to discuss this issue in next meeting.


Company views:
	Company
	Summary of Proposal

	Huawei
	· For the uplink transmission with configured grant in NR-U, configuration of frequency-domain resources includes one or more frequency interlaces.
· Frequency-domain resources are configured across multiple subbands of a wideband UL BWP configured to the UE for transmission with configured grant in NR-U.
· Based on the results of the subband LBT procedures, the CG UE can transmit on one or more subbands for which the LBT procedures are successful. 
· FFS: The CG UE selects a number of such subbands to use for its TCG based on the traffic type and/or the TB size
· Multiple active resource configurations per cell per BWP should be supported for uplink transmission with configured grant in NR-U.

	vivo
	· For NR-U UL configured grant, multiple resource configurations are supported per BWP.
· Different resource configurations correspond to different subband combinations. 

	OPPO
	· RRC configured resource with bitmap indication in time domain and dynamically allocated resource in frequency domain can be considered for CG-PUSCH. 

	Nokia
	· Study whether to support multiple active configured grant configurations for a given BWP of a serving cell for different sub-bands.

	Qualcomm
	· NR-U should support configuration of multiple configured grant resources in frequency. UE can pick which frequency resource it uses for the configured grant UL transmission based on the LBT outcome.

	Sony 
	· Study the possibility of using multiple active configured grant configurations with independent configured parameters




2.3 Flexible starting points
For NRU, the key issue to be decided is how to configure/specify flexible starting points for configured grant transmission. Following agreements were reached in RAN1#AH1901:· Support multiple UE starting time offsets with sub-symbol granularity with FeLAA AUL approach as the baseline
· FFS: Enhancements specific to NRU
· Companies are encouraged to provide views and analysis on the following issues:
· Whether to support allowing the UE to start transmission later than the starting symbol as indicated in configured grant based on LBT outcome
· If yes, multiple starting positions within a slot for a configured grant configuration;
· Alt. 1: subset of symbols
· Alt. 2: any symbol
· FFS: gNB knowledge of starting symbol, whether UE indicates to gNB
· FFS signaling details
· FFS: whether similar design for scheduled grant and configured grant
· Whether the ending symbol can be punctured
· Whether the position of the ending symbol can be shifted depending on the starting position due to LBT procedures


Multiple companies discussed multiple flexible starting points in two main aspect: channel access granularity, and multiple starting point by considering UE multiplexing and collision avoidance mechanisms.

[bookmark: _GoBack]Proposal:
· Support of UE start transmission later than the starting symbol as indicated in configured grant based on LBT outcome, at least for slot based transmission
· FFS: number of starting positions
· Supported PUSCH type(s)
· Alt1: Type A scheduling only
· Alt2: Type B scheduling only
· Alt3: both Type A and Type B are supported.
· Enhancement to FeLAA mechanism
· Depending on SCS 
· SLIV time parameter modification



Company views:
	Company
	Summary of Proposal

	Huawei
	· To improve the CG resource utilization in NR-U, gNB should align the transmission starting points of UEs configured with the same time-domain resources, and either orthogonal or same frequency interlaces, to avoid mutual blocking during the LBT.
· Given that NR-U naturally inherits NR’s support multiple CG UEs configured with the same time-frequency resources per cell, NR-U should support the use of other configured resources, e.g., DMRS, to resolve intra-cell collisions.
· NR-U should support the configuration of multiple transmission occasions/potential burst starting positions every subset of symbols (Alt. 1) within the CG time resource to avoid latency and resource waste due to LBT failure and reduce the gNB’s blind detection.
· Subset of 2 symbols is used with 15 and 30 KHz SCSs
· Subset of 7 symbols is used with 60 KHz SCS 
· To reduce UE complexity and gNB blind decoding, consider the following two options for the configuration of the PUSCH resource based on Alt. 1:
· Opt 1-a: Each PUSCH is configured to span the number of symbols between two consecutive burst starting positions. 
· No puncturing or rate matching needed while the PUSCH ending position is pre-known to the gNB
· Opt 1-b: Each PUSCH is configured to span a full slot ending at the slot boundaries. 
· Puncturing/rate matching may apply to at least the first PUSCH at the beginning of the UL burst wherein. 
· CBG-based  (re)transmission should be considered 

· Support PUSCH type B
· Random UE-selected offsets for collision avoidance of full BW CG UEs
· For NR-U to support NR-U multiple time-domain transmission opportunities along with CG UE multiplexing/collision avoidance with scheduled UL, the following parameters can be configured, via RRC for Type 1-based, and via DCI for Type 2-based NR-U TCG:  
· Number of potential burst start positions within the CG time resource
· Number of, or interval between, selected occasions with blanking symbols 
· Starting point, or number of blanking symbols, at selected transmission occasions
· 

	ZTE
	· Supported PUSCH type(s)
· both Type A and Type B are supported.
· 

	
	

	MediaTek
	· Multiple candidate starting positions within a grant-free PUSCH transmission occasion for improving the resource utilization and increasing the channel access probability should be supported in NR-U.
· PUSCH DMRS could be always located in the starting symbol of a transmitted PUSCH for channel estimation and starting position detection.
· Both rate-matching and puncturing should be considered to avoid changing TBS depending on the LBT outcome if multiple candidate starting positions within a grant-free PUSCH transmission are supported in NR-U.

	LG
	· If the UE is allowed to start transmission later than the starting symbol as indicated in configured grant based on LBT outcome, at most two starting points can be considered.

	Nokia
	· Study whether to support additional starting positions within symbol #1 or following symbols for 30 kHz SCS and 60 kHz SCS PUSCH in NR-U configured grant.
· Support multiple starting positions within the initial slot of a UL burst (for both scheduled and configured grant based PUSCH) at least in the case of UL burst being outside a COT acquired by the gNB.
· Study the following alternatives to support multiple transmission positions within a slot for configured grant UL transmission:
· Alternative 1: symbol puncturing based approach
· Alternative 2: mini-slot based approach
· Support limited number of starting positions within a slot for configured grant UL transmission, e.g., 2 per 30 kHz SCS and 60 kHz SCS slot.

	Sony
	· Multiple active configured grant configurations should be supported for flexible frequency and time resource allocation by considering the tradeoff between extra signaling overhead and increased channel access probability.

	Samsung
	· For NR-U configured grant, starting position of configured grant transmission can be determined by the offset. Subcarrier spacing should be considered for determining the offset value.
· If NR-U configured grant supports multiple starting positions, the number of starting position candidates should be restricted.

	Intel
	· PUSCH Type A is the baseline for CG
· DMRS position should not be impacted by the introduction of multiple starting symbols
· The SLIV time parameter is modified to indicate the start symbol of the first slot in the uplink transmission burst, and the end symbol of the last slot of the uplink transmission burst.
· In order to mitigate collisions and blocking among devices, the FeLAA approach is reused in NR-U, with the exception that for 30 and 60 KHz SCS the FeLAA offsets are truncated up to the 2nd symbol.

	TCL
	· Multiple UL can share a common duration for channel sensing when trying to access the medium.

	IDC
	· UE should be allowed to start transmission later than the starting symbol as indicated in configured grant based on LBT outcome.

	NEC
	· Multiple starting position of configured grant transmission should be the same as scheduled transmission case.

	Panasonic
	· NR-U configured grant does not allow the UE to start transmission later than the starting symbol as indicated in configured grant based on LBT outcome.

	Ericsson
	· [bookmark: _Toc1153187]Multiple starting points for configured UL grant should be based on existing Rel-15 features, such as Type B scheduling, with simple extensions if needed.
· [bookmark: _Toc1153188][bookmark: _Toc1045874][bookmark: _Toc1045913][bookmark: _Toc1045872][bookmark: _Toc1045873][bookmark: _Toc1045912][bookmark: _Toc1045911]Multiple active configured grant configurations for a given BWP of a serving cell should be supported for NR-U.
· [bookmark: _Toc1153202]The UE starting time offset is an offset value until the boundary of the first symbol of the CG resource.
· [bookmark: _Toc1153203]The UE extend the first symbol of the CG transmission by an offset value.

	Qualcomm
	· In addition to the transmission starting point selection modes supported in FeLAA, a pseudo-random transmission starting point based on a configured seed is also supported for UEs with partial allocation.
· Configured grant PUSCH should support multiple starting points within a slot that can be selected by the UE based on LBT outcome




2.4 Ending symbol
Following was agreed in RAN1#AH1901:· Whether the position of the ending symbol can be shifted depending on the starting position due to LBT procedures



Proposal:
Given the lack of input, it is proposed to discuss this issue in next meeting.


Company views:
	Company
	Summary of Proposal

	Samsung
	· For NR-U configured grant, subcarrier spacing and LBT type should be considered in determining ending position of configured grant transmission.




HARQ related enhancement
3.1 CBG-based retransmission
The main point of discussion is whether CBG-based retransmission supported using dedicated resource by scheduled UL grant only or both dedicated resource and configured grant resource can be used. Other points such inclusion of CBGTI in UCI, CBG level ACK/NACK in DFI, ACK/NACK compression are also discussed in the contribution. 
Following two alternatives are proposed by companies
· Alt. 1: dedicated resource by a scheduled UL grant only 
· Alt. 2: both dedicated resource by a scheduled UL grant and configured grant resource

Offline agreement
For PUSCH transmitted using CG, CBG-based retransmission is at least supported by using dedicated scheduled resourced by an UL grant. 
Note: need to inform RAN2 about this agreement

Company views:
	Company
	Summary of Proposal

	
	

	ZTE
	· CBG related control information, such as CBGTI can be included in the UCI. 
· CBG level ACK/NACK feedback information can be included in the DFI.
· R15 DL HARQ-ACK feedback scheme can be the reference for CBG level and TB level ACK/NACK feedback design.
· both dedicated resource by a scheduled UL grant and configured grant resource should be supported for CBG-based retransmission.

	
	· 

	MediaTek
	· NR-U should support CBG-level retransmission of a HARQ process initially transmitted on a grant-free PUSCH using a separate grant-based PUSCH or the same grant-free PUSCH in a separate period.
· To reduce codebook size resulted from CBG-level HARQ A/N, the gNB could hybrid provide TB-level A/N or CBG-level A/N for HARQ processes in a codebook.

	OPPO
	· Support CBG based HARQ-ACK feedback for CG-PUSCH
· Study how to transmit DFI in PDCCH for CBG-based HARQ-ACK feedback for CG-PUSCH.

	LG
	· Adopt CBG based transmission for CGU considering how to configure control information such as CGU-DFI and CGU-UCI.

	Nokia
	· Support CBG based retransmissions in configured grant resources
· Study overhead reduction mechanism for CG-DFI if CBG level HARQ feedback is required
· Separate TB-level HARQ feedback and CBG-level HARQ feedback into different CG-DFIs

	Samsung
	· DFI size should be considered to support CBG-based HARQ-ACK feedback for NR-U configured grant.

	Panasonic
	· NR-U configured grant support CBG-based retransmission for configured grant PUSCH using dedicated resource by a scheduled UL grant only (Alt.1) if the initial transmission of configured grant is non-CBG based transmission (whole TB transmission) only.

	Ericsson
	· [bookmark: _Toc1153191]If CBG is enabled for configured UL,
· [bookmark: _Toc1153192]Only allow CBG based retransmission using dedicated scheduled resourced by an UL grant 
· [bookmark: _Toc1153193] Initial and retransmissions on configured UL resources are with whole TB
· [bookmark: _Toc1153194]DFI include a bitmap with one HARQ-ACK-bit for each HARQ process per TB 

	Qualcomm
	· If CBG based retransmission on configured grant resources is supported, information on ACK/NACK feedback at CBG level is included in the CG-DFI.
· If CBG based retransmission on configured grant resources is supported, introduce the following schemes to reduce the DCI size of the CG-DFI 
· Compression schemes to feedback TB and/or CBG level ACK/NACK feedback for all the HARQ processes 
· Splitting payload information into multiple DCIs
· If CBG based retransmission on configured grant resources is supported, CBGTI is included in CG-UCI

	Huawei
	· Support CBG-based (re)transmission on CG resources (Support Alt. 2 above)
· Support CBG-level HARQ-ACK in DFI
· Support CBG indication in UCI




3.2 HARQ related signaling and procedures
The key issue to be discussed here is how to convey HARQ related information for configured grant. Several contributions discussed on how to determine/signal HARQ-related information and corresponding procedures in the following different aspects:
· NDI understanding in HARQ retransmission
· HARQ ID determination
· HARQ feedback design in GC-DFI
· Size of DFI
· HARQ retransmission upon configured grant timer
· Earliest timing from CGU PUSCH to CGU-DFI
· Additional information in DFI besides HARQ feedback

Offline agreement
At least following is supported, 
· For initial transmission on configured grant resource, HARQ retransmission on configured grant resource upon configured grant timer expiration (assume NACK if no ACK is received)
Note: need to inform RAN2 about this agreement

Companies are encouraged to discuss more offline on other items and possibly reach consensus.


Company views:
	Company
	Summary of Proposal

	Huawei
	· NR-U should consider HARQ-ACK feedback using group common DFI for uplink transmission with configured grant.
· For scheduling a retransmission for an HARQ process that was initially transmitted with configured grant, the differentiation between the initial transmission and retransmission can be based on the comparison of NDI reported by UCI and that included in UL grant.  

	Vivo
	· For NR-U UL configured grant, Rel-15 AUL retransmission schemes can be reused. 

	LG
	· The earliest timing (denoted as K3 slots) from CGU PUSCH to CGU-DFI is configured by gNB and it can be configured to be shorter than 4 msec.

	Nokia
	· Support a HARQ codebook containing HARQ feedback for all HARQ processes in CG-DFI.

	Samsung
	· NR-U configured grant should support bitmap based HARQ-ACK feedback with DFI. HARQ ACK feedback for scheduled PUSCH can be included in DFI.
· NR-U configured grant assumes NACK feedback in case of no reception of HARQ-ACK feedback from gNB upon the timer expiration.

	Intel
	· Support following means for retransmission of CG PSUCH including a DCI scheduling same HARQ process, DFI and a timer.
· DFI size should be determined to be similar to DCI size.

	Ericsson
	· [bookmark: _Toc1153190]For configured UL on NR-U, a timer starts when a TB is transmitted, and if no ACK is received before the timer expires the UE assumes NACK and performs non-adaptive retransmission. 

	Qualcomm
	· DFI should include HARQ ACK feedback for scheduled UL transmissions using HARQ IDs configured for NR-unlicensed configured grant transmission.
· UE may autonomously initiate retransmission for a HARQ process that was initially transmitted via configured grant mechanism for NR-unlicensed when one of the following conditions is met:
· Reception of NACK feedback via DFI for the corresponding HARQ process
· No reception of feedback from gNB upon the timer expiration.
· Introduce a new timer for this
· gNB provides UE the PUSCH to HARQ-ACK feedback delay parameter. 
· In the DFI, UE only considers the HARQ-ACK feedback for PUSCH that occurred before the provided delay as valid

	ZTE
	· Differentiation between the initial transmission and retransmission can be based on the comparison of NDI reported by UCI or that included in UL grant.
· The size of DFI is the same as existing DCI format.




UCI design
4.1 UCI content
It has been agreed to at least include following parameters in UCI HARQ ID, NDI, RV, COT sharing information. Contributions submitted in RAN1#96 further discussed inclusion of additional information, following parameters are proposed to be included in CG-UCI:
· Details on COT sharing information
· LBT Priority class value  (channel access agenda)
· Remaining COT duration 
· Signaling indicator for enabling/disabling COT sharing
· UE-ID 
· CRC
· Details on COT sharing information
· LBT Priority class value  (channel access agenda)
· Remaining COT duration 
· PUSCH start and end point/slot
· Resource configuration index
· Starting position of a transmitted PUSCH
· MCS/TBS, if enhancement on link adaptation is supported
· CBGTI, if CBG based retransmission on configured grant resources is supported

Proposals:
At least following is supported:
· Details on COT sharing information
· Remaining COT duration 
· Signaling indicator for enabling/disabling COT sharing


Companies are encouraged to discuss more offline and possibly reach consensus other items.

Company views:
	Company
	Summary of Proposal

	Huawei
	· CG UE should indicate updated transmission parameters such as MCS in the CG-UCI
· Indication of PUSCH start and end points in CG-UCI should be enhanced to indicate multiple blanked OFDM symbols. The following options should be considered:
· Opt 1: Extended to indicate multiple blanked OSs
· Opt 2: Reuse legacy field plus pre-defined mapping to number of OSs based on numerology
· Remaining MCOT Duration should be indicated in the C-UCI to allow the gNB to share the UL COT from one or more CG UEs for transmission of PDSCH. 
· Given that NR-U naturally inherits NR’s support of multiple CG UEs configured with the same time-frequency resources per cell, critical information in CG-UCI are subject to collisions and NR-U should thus consider the following
· Support as well the use of other configured resources, e.g., DMRS, to identify/verify the UE ID and/or the HARQ process ID
· Inclusion of UE ID in the CG-UCI is not beneficial in such case 
· 

	ZTE
	· UE ID is not need to be included in the UCI.
· The COT sharing information can be the remaining slot number and the symbol number of the MCOT. 
· a method for decreasing the LBT impact on DFI and the CS-RNTI scrambled DCI transmission can be considered, such as COT sharing scheme with configured grant transmission UE.

	vivo
	· For NR-U UL configured grant, UCI is transmitted together with data, and the content of UCI can include resource configuration index
· FFS other control information

	OPPO
	· Support UE determined MCS/TBS for CG-PUSCH

	MediaTek
	· Indication of the starting position of a transmitted PUSCH carried by CG-UCI is beneficial for the gNB to determine the actual starting position.

	Sony
	· As inclusion of the content of GC-UCI, COT sharing information should contain more details of COT structure, e.g., remaining COT information.

	Intel
	· Together with the HARQ-ID, NDI, RV, and COT sharing information, the CG-UCI contains also the UE-ID, and the indication of the PUSCH starting and ending slot.

	TCL
	· As part of the COT sharing information, it is proposed to include at least: 
· Ongoing transmission identification and ownership information (e.g. UE ID)
· Ongoing transmission COT expiration deadline (e.g. remaining duration). 
· COT sharing information repetition should be enabled to maximize chances of spectrum reuse.

	NEC
	· CG-UCI detection should not depend on the MCS of transmitted UE.

	Ericsson
	· [bookmark: _Toc1153196]UCI for configured UL includes: 
· [bookmark: _Toc1153197]COT sharing related information: 
· [bookmark: _Toc1153198]LBT Priority class value 
· [bookmark: _Toc1153199]Remaining duration for DL transmission 
· [bookmark: _Toc1153200]UE ID
· [bookmark: _Toc1153201]CRC

	Qualcomm
	· UE-ID should also be included in the CG-UCI



4.2 UCI multiplexing
There are few contributions discussing multiplexing of UCI and PUSCH (including location of DMRS), the main issues are time domain position of DMRS, location of UCI. Following issues are raised in contributions:
· DMRS and UCI are transmitted on symbol are last allowed starting point
· UCI mapped on first symbol after DMRS
· First symbol and last symbol are not used for DMRS/UCI
· UCI transmitted in every slot

Proposal
Discuss high level principle agreeable to the group online if time permits.

Company views:
	Company
	Summary of Proposal

	vivo
	· For NR-U UL configured grant, UCI is mapped on the resource of the actual transmission occasion following the mapping rule in Rel-15.
· NR-U UCI for configured grant is mapped from the first symbol after DMRS in the transmitted PUSCH.

	OPPO
	The first symbol and the last symbol within one CG-PUSCH duration should not be used to transmit DMRS or UCI for LBT purpose.

	LG
	For CGU-UCI mapping on CGU PUSCH, consider multiple starting/ending positions and the position of DM-RS for CGU PUSCH and multiplexing with NR-UCI (including HARQ-ACK, CSI part 1, and CSI part 2).

	Intel
	In a CG UL transmission, the UCI is transmitted in every slot.

	IDC
	NR-U should study mechanisms to enhance the reliability of CG-UCI transmission on PUSCH.

	Ericsson
	[bookmark: _Toc1153204]The UCI is mapped using the Rel-15 UCI multiplexing rules. 
[bookmark: _Toc1153205]FFS: The details on the classification of type for the AUL UCI.

	Qualcomm
	CG-UCI and DMRS should be sent on symbols after the last allowed starting point

	ZTE
	The UCI is mapped using the Rel-15 UCI multiplexing rules.



Other aspects
5.1 Transmission adaptation
The key issue to be discussed here is whether/how to perform transmission for PUSCH transmitted by configured grant. Few companies discussed transmission adaptation issues and views are diverging.

Proposal
Given the lack of input on this issue, feature lead encourages further offline discussions among companies.

Company views:
	Company
	Summary of Proposal

	Huawei
	· CG UE should indicate updated transmission parameters such as MCS in the CG-UCI
· Also possible for gNB-directed dynamically using group common DCI which reduces the signalling overhead. Could be combined with other DL control information or included in DFI.

	Sony
	· The following mechanisms for facilitating transmission adaptation for NR-U configured grant should be considered.  
· Configured grant to scheduled uplink switching
· UE initiating adaptive parameters 

	Ericsson
	· [bookmark: _Toc1153189]No further changes to link adaptation are needed beyond what is already supported in NR.

	Qualcomm
	· [bookmark: p1]Faster transmission adaptation can be introduced in NR Configured Grant for better link and medium efficiency.
· gNB based methods: Transmission parameters (such as MCS, RI, PMI, RA, SRI) can be indicated in the CG-DFI
· UE based methods: UE may indicate some transmission parameters (such as MCS, PMI, RI, SRI) in the CG-UCI to improve transmission efficiency



5.2 K-repetition procedure
The key issue to be discussed here is whether/how to support K-repetition procedure for configured grant. Few companies discussed K-repetition issues.

Proposal:
Given the lack of input on this issue, feature lead encourages further offline discussions among companies.

Company views:
	Company
	Summary of Proposal

	Sony
	· Introduce the following potential enhancements for ensuring K repetition for NR-U configured grant
· Drop redundant repetitions subject to COT length
· Support cross COT repetition
· Initiate repK by UE

	IDC
	· NR-U to study the K-repetition procedure of CG transmission and possibly update the relevant attributes for NR-U use cases.
· NR-U to study the procedure for K-repetition in UL configured grant when a few last repetitions may fall outside of a COT



5.3 UE multiplexing and collision handling
Few companies discussed contention resolution and how to minimize the impact of collision among multiple UEs.

Proposal:
Given the lack of input on this issue, feature lead encourages further offline discussions among companies.


Company views:
	Company
	Summary of Proposal

	Huawei
	· NR-U should support CG UE multiplexing and collision avoidance between CG and scheduled grant using blanking symbols at selected pre-configured transmission occasions/UL burst starting positions. During the blanking period, following FeLAA techniques can be applied
· Random UE-selected offsets for collision avoidance of full BW CG UEs
· Random UE-selected offsets for collision avoidance between CG and Scheduled UL

	TCL
	· Multiplexed UL users can use a common pseudo-random algorithm and seed value to determine the duration of the backoff or offset counter. FFS how to define, share and update the seed among users.
· NR-U should support FDM or SDM multiplexing for UL users through configured grants.

	IDC
	· To reduce collision on CG resources, NR-U to evaluate contention resolution methods such as random resource backoff.

	ZTE
	· to support multiple user access for NR-U considering LBT influence, the methods below can be considered:
· same UL data transmission starting point mechanism
· blank pattern method
· FeLAA AUL approach based



5.4 Indication of CG within gNB COT
Few companies discussed whether and how to trigger/enable/disable CG-UL transmission including prioritization between CG-UL and GB PUSCH transmission.

Proposal:
Given the lack of input on this issue, feature lead encourages further offline discussions among companies.


Company views:
	Company
	Summary of Proposal

	Huawei
	· NR-U should support gNB-triggered transmission with CG parameters (less periodicity and offset) to enhance the UE’s channel access opportunities, meanwhile the following benefits are achieved:
· gNB naturally avoids collisions with DL signals/channels and scheduled UL 
· Multiplexing of multiple triggered CG UEs due to the Alignment signal
· A gNB-triggered transmission with CG can be used to fill the gap between DL transmission and UL feedback for scenarios with processing delay longer than 16 μs.

	Nokia
	· Configured grant UL transmission is allowed within the gNB acquired COT. GC-PDCCH can be used to enable/disable CG UL transmission within the gNB acquired COT.

	Intel
	· It is supported to prioritize GB PUSCH over CG PUSCH, following aspects can be considered
· Rely on starting position of a PUSCH;
· DCI to indicate whether CG PUSCH is allowed in shared UL burst inside a gNB COT; 
· From a single UE point of view, if GB PUSCH is scheduled in a slot, CG PUSCH is withdrawn in the same slot. 



4.5 Timeline between DFI and configured grant PUSCH
In FeLAA, for AUL-DFI, HARQ-ACK information for an AUL PUSCH transmitted at subframe n is not expected before subframe n+4 with the assumption that the minimum HARQ RTT is equal to 8 msec and HARQ delay at UE side is the same with HARQ delay (i.e., 4 msec) at eNB side.
However, in NR, gNB scheduler can configure timing relationship between UL grant and corresponding PUSCH transmission (also between PDSCH and UL HARQ feedback) even shorter than 4 msec. Therefore, the earliest timing (denoted as K3 slots) from configured grant PUSCH to DFI can be set to be shorter than 4 msec and K3 value can be configured by gNB (e.g., via separately signalled value or minimum among configured K1/K2 values. In other words, if a UE receives a DFI at slot n, HARQ-ACK information in the DFI corresponding to HARQ process IDs corresponding to configured grant PUSCHs from slot n-K3+1 is not valid to the UE.

Company views:
	Company
	Summary of Proposal

	LG
	· The earliest timing (denoted as K3 slots) from CGU PUSCH to CGU-DFI is configured by gNB and it can be configured to be shorter than 4 msec.




Previous agreements
RAN1#AH1901 agreements
Agreement:
For configured grant resource configuration in time domain, the following alternatives are to be studied with more detailed proposal and analysis, strive to down-select in RAN1#96:
· Alt. 1: Bitmap based approach as baseline with potential enhancement
· Companies are encouraged to provide detailed design in next meeting
· Alt. 2: NR Rel-15 based time domain resource allocation approach as baseline with potential enhancement
· Companies are encouraged to provide detailed design in next meeting

Agreement:
· Support multiple UE starting time offsets with sub-symbol granularity with FeLAA AUL approach as the baseline
· FFS: Enhancements specific to NRU
· Companies are encouraged to provide views and analysis on the following issues:
· Whether to support allowing the UE to start transmission later than the starting symbol as indicated in configured grant based on LBT outcome
· If yes, multiple starting positions within a slot for a configured grant configuration;
· Alt. 1: subset of symbols
· Alt. 2: any symbol
· FFS: gNB knowledge of starting symbol, whether UE indicates to gNB
· FFS signaling details
· FFS: whether similar design for scheduled grant and configured grant
· Whether the ending symbol can be punctured
· Whether the position of the ending symbol can be shifted depending on the starting position due to LBT procedures

Conclusion:
The following aspects should be discussed further as part of the channel access discussions 
· Contention window adjustment
· Details of COT sharing related to NRU configured grant including details and limitations on UE-initiated COT sharing with gNB and configured grant UL transmissions within gNB acquired COT 

Agreement:
CG-UCI should at least include the following information:
· HARQ ID
· NDI
· RV
· COT sharing information, FFS details
· FFS: other information including UE ID
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