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In RAN#84, Guidance on essential functionality for NR-U [RP-191581] was agreed and following essential items are identified for configured grant enhancement. Essential
· DFI design, including content and CG PUSCH to DFI  timing
· UCI design, including content and multiplexing
Optimizations
· Ending symbol flexibility
· CBG based transmission with CG resource

And following agreement was reached in RAN1#97:Agreement:
For configured grant time domain resource allocation, the mechanisms in Rel-15 (both Type 1 and Type 2) are extended so that the number of allocated slots following the time instance corresponding to the indicated offset can be configured 
· FFS: How to indicate multiple PUSCHs within a slot.



This document summarizes the contributions submitted under the “7.2.2.2.4 Configured grant enhancement” agenda item on the identified essential items and the FFS part from RAN1#97.
DFI design, including content and CG PUSCH to DFI timing
Following issues are discussed in contributions on DFI design, including content and timing between CG PUSCH to DFI:
· DFI includes an NDI bit for each HARQ ID determination
· HARQ-ACK bitmap for all UL HARQ processes for NR-U CG
· HARQ-ACK for scheduled PUSCH
· Size of DFI e.g. UL grant DCI size, FFS: content details
· Earliest (minimum) timing from CGU PUSCH to CGU-DFI
· DFI in GC-PDCCH 
· HARQ feedback design in group common (GC) DFI, details FFS
· Transmission parameters (such as MCS, RI, PMI, RA, SRI) indicated in the CG-DFI 
· DFI for scheduled cell in cross-carrier scheduling
· CBG level ACK/NACK feedback in DFI including overhead reduction mechanism

Proposal:
At least followings are supported:
· DFI at least include:
· An NDI bit for each HARQ ID 
· HARQ-ACK bitmap for all UL HARQ processes for NR-U CG
· HARQ-ACK for scheduled PUSCH
· FFS: others
· Earliest (minimum) timing from CGU PUSCH to CGU-DFI
· Size of DFI is same as one of the existing DCI sizes in Rel-15, 


Company views:
	Company
	Summary of Proposal

	Huawei, HiSi
	· The gNB should configure the CG UE with the minimum PUSCH-to-HARQ feedback timing for proper determination of the HARQ-A/N status from the DFI bitmap.
· CBG-based level HARQ feedback indication should be supported in the DFI for uplink transmission with configured grant in NR-U, at least for the purpose of CWS adjustment.
· NR-U should support transmitting the HARQ-ACK feedback for a dynamically selected subset of configured grant UEs in a semi-static codebook using group common DFI.
· For transmission of HARQ-ACK feedback in a group common DFI, gNB should at least configure the CG UE with the following parameters through RRC signaling:
· A groupCommon-DFI-RNTI value
· A logical index for the UE to locate its respective indication bits within the GC-DCI format

	Vivo
	· The size of CG-DFI should be aligned with one of the DCI formats.

	ZTE, Sanechips
	· DFI size should be similar to the UL grant DCI size and the solution to minimize DFI size should be introduced if CBG-level HARQ-ACK feedback is included in DFI.
· The minimum timing between CG PUSCH and DFI should be introduced and it can be N1+X symbol.

	MediaTek
	· Support CG-DFI containing a HARQ-ACK bitmap including TB-level A/N for all UL HARQ processes configured for NR-U CG.
·  CG-DFI is transmitted via DCI format 0_0 and/or format 0_1 scrambled by CS-RNTI.
· FFS: How to differentiate a DCI is transmitted for CG-DFI or other purposes?
· FFS: How to convey the content(s) included 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.
· If CBG-based HARQ-ACK feedback is included in DFI, a mechanism which minimizes DFI size should be supported.

	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.

	Intel
	· The DFI payload size should be determined to be similar to legacy DCI payload size
· To reduce blind detection, and complexity, the activation/deactivation and DFI DCI have the same payload size.
· Two of the bits of the activation/deactivation and DFI DCI are used for the following purpose: 1 bits is used to differentiate among UL/DL DCIs, and one bit is used to differentiate between the activation/deactivation and DFI DCI.

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

	Lenovo, MotoM
	· CG-DFI has same size with DCI format 0_1 to reduce UE effort on PDCCH blind detection.
· Overhead reduction is required for HARQ-ACK codebook in CG-DFI to ensure CG-DFI has size with DCI format 0_1.

	Sony
	· CG-DFI shall include the HARQ ACK feedback for scheduled UL transmissions using HARQ IDs configured for NR-unlicensed configured grant transmission. 
· The size of CG-DFI should be aligned with a Rel-15 DCI format.

	Panasonic
	· For DL channel carrying DFI, GC-PDCCH is used.
· Whether/how to indicate DFI for scheduled cell in cross-carrier scheduling should be discussed.
· HARQ-ACK bitmap corresponding to HARQ processes is used for HARQ codebook for DFI.
· Whether to indicate HARQ-ACKs of all HARQ processes should be concluded.

	Apple
	· Using bit-map based approach in DFI to indicate the HARQ-ACK information for each HARQ process. 
· Consider using group-specific DCI format to convey DFI information targeting to a group of UEs. 
· The group-specific DCI format is size-aligned with other Rel-15 UL grant formats to keep the same number of BDs as in Rel-15.

	Docomo
	· The size of DFI is same as the size of one of DCI formats monitored by NR-U UE.
· The DFI includes bitmap for explicit HARQ-ACK feedback for all HARQ processes.
· The minimum time gap between PUSCH and DFI is configured to UE.

	Qualcomm
	· 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
· FFS: If the feedback delay parameter is provided in DFI or RRC configuration
· DFI should include HARQ ACK feedback for scheduled UL transmissions using HARQ IDs configured for NR-unlicensed configured grant transmission 
· DFI should also include an NDI bit for each HARQ ID
· gNB based methods: Transmission parameters (such as MCS, RI, PMI, RA, SRI) can be indicated in the CG-DFI

	Ericsson
	· Support DFI containing a HARQ-ACK bitmap with one bit per configured HARQ process
· No new mechanism for indicating CG PUSCH transmission MCS (e.g., by indication of MCS in the DCI carrying DFI) is introduced for Rel-15 NR-U.




UCI design, including content and multiplexing
UCI content
It has been agreed to at least include following parameters in CG-UCI HARQ ID, NDI, RV, COT sharing information. Following parameters are proposed in contributions to be included in CG-UCI, however there is no majority view on any of them:
· UE-ID 
· CRC
· Indication of PUSCH start and end point/slot 
· Resource configuration index
· Details on UE initiated COT sharing with gNB, e.g.  LBT type/priority class, COT duration (details FFS)
· Extended fields to indicate multiple blanked OSs
· Transmission parameters (such as MCS, PMI, RI, SRI) 
· shared CG-UCI corresponding to multiple PUSCHs
· SR information to indicate the request of continuous PUSCH scheduling
· UAI (similar to DAI in DL)
· UL transmit power
· CBG level ACK/NACK
· CBGTI, if CBG based retransmission on configured grant resources is supported


Discuss whether these items can be agreed to include in CG-UCI:
· UE-ID 
· CRC
· Indication of PUSCH start and end point/slot 
· Resource configuration index
· Details on UE initiated COT sharing with gNB, e.g.  LBT type/priority class, COT duration (details FFS)


Company views:
	Company
	Summary of Proposal

	Huawei, HiSi
	· 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
· 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 fields to indicate multiple blanked OSs
· Opt 2: Reuse legacy field plus pre-defined mapping to number of OSs based on numerology
· UE should indicate CBGTI in the CG-UCI to support CBG-based (re)transmissions on CG resources in NR-U.
· CG UE should indicate updated transmission parameters such as MCS in the CG-UCI

	Vivo
	· For NR-U UL configured grant, CG-UCI is transmitted together with data, and the content of CG-UCI can include the indication of ending symbol of PUSCH.
· FFS other control information.

	ZTE, Sanechips
	· UE ID is not need to be included in the UCI.
· CBGTI should be included in the UCI.
· UAI may also be included in the UCI.
· The COT sharing information can be the remaining slot number and the symbol number of the MCOT.

	OPPO
	· Starting symbol, duration, and LBT type should be indicated to gNB for DL transmission.
· Support UE determined MCS/TBS for CG-PUSCH.

	Samsung
	· NR-U should include UE ID in the CG-UCI.
· Time domain resource assignment value should be included in CG-UCI for the UL-to-DL sharing. Slot duration indication and CRESET/SS related information can be included according to the way of UL-to-DL sharing.

	LG
	· To handle power imbalance problem between UE and gNB in case of UL-to-DL sharing, consider to carry the information about UE’s UL transmit power in the CGU-UCI.
· Consider to carry the information of the remaining length for COT acquired by a UE and the number of slots to be occupied by the UE on the CGU-UCI.

	Intel
	· In a CG UL transmission, the CG-UCI is transmitted in every PUSCH transmission.
· Together with the HARQ-ID, NDI, RV, and COT sharing information, the CG-UCI contains also the UE-ID, the indication of the PUSCH starting and ending slot, and the configured grant resource index.

	Nokia, NSB
	· At least CRC should be also included in CG-UCI. FFS: UE-ID.

	Lenovo, MotoM
	· CBGTI indicating the (re)transmitted CBGs of one TB is included in associated CG-UCI.
· A shared CG-UCI corresponding to multiple PUSCHs in an UL burst is transmitted for overhead reduction.

	Sony
	· Duration which is allowed to be used by gNB, possible UL continued COT occupancy, and LBT priority class should be signaled to gNB via CG-UCI.

	Interdigital
	· The UE indicates the LBT priority class when it initiates a channel occupancy using CG-UCI.

	Apple
	· Support to include the LBT priority class into UCI contents. 
· Support to include the SR information into UCI contents to indicate the request of continuous PUSCH scheduling.

	Docomo
	· Following contents are included in CG-UCI in addition to HARQ ID, NDI and RV.
· The starting offset and duration of resources that the gNB is allowed to transmit in UE initiated COT
· CRC
· LBT priority class
· CBGTI (if CBG based retransmission on configured grant resources is supported)

	Qualcomm
	· COT duration signaling comprises signaling of ending slot/symbol as well as remaining COT duration
· Ending symbols are restricted to symbols {12,13} for SCS of 15/30kHz and {11,12,13} for SCS of 60kHz
· FFS: Ending symbols with mini-slot
· Ending slot can be indicated by N bits indicating {0, 1, .., 2^N-2, more than 2^N-2}
· Remaining COT duration from the end of UE transmission is signaled to be upto 64/128/256 symbols for 15/30/60kHz SCS that covers a duration of 4.5ms
· FFS exact set of supported values
· CAPC is included as part of the COT sharing information in the CG-UCI
· Inclusion of UE-ID in the CG-UCI in supported. The presence/absence of UE-ID in CG-UCI can be RRC configured.
· The bitwidth of HARQ-ID indication in CG-UCI should be ceil( log2 ( number of configured grant HARQ processes) ).
· UE based methods: UE may indicate some transmission parameters (such as MCS, PMI, RI, SRI) in the CG-UCI to improve transmission efficiency
· 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

	Ericsson
	· Support UCI for UL configured grant that includes the LBT priority class value used by the UE to access the channel.
· CG-UCI should include CRC and UE ID.
· PUSCH starting/ending symbol is not indicated in UCI.



UCI multiplexing
There are few contributions discussing multiplexing of CG-UCI and PUSCH (including location of DMRS), the main issues are time domain position of DMRS, location of CG-UCI. Following issues are raised in contributions:
· CG-UCI in every PUSCH transmission
· CG-UCI mapped on first symbol after DMRS 
· DMRS and CG-UCI are transmitted on symbol are last allowed starting point
· First symbol and last symbol are not used for DMRS/CG-UCI
· CG-UCI is mapped using the Rel-15 UCI multiplexing rules, CG-UCI is sent before HARQ-ACK/NACK.
· CG-UCI with same priority as HARQ-ACK UCI
· Mechanism of beta-offset in NR Rel-15 for HARQ-ACK/CSI on CG-PUSCH can be a starting point
· Multiplexing rule of HARQ ACK, CSI-part1 and CSI-part 2 and configured grant PUSCH
· CSI part 1 and CSI part 2 are mapped starting on the first available non-DMRS symbol after the last allowed starting point
· 

Discuss whether following principles of UCI multiplexing can be agreed:
· CG-UCI in every PUSCH transmission
· CG-UCI mapped on first symbol after DMRS 
· DMRS and CG-UCI are transmitted on symbol are last allowed starting point
· First symbol and last symbol are not used for DMRS/CG-UCI
· CG-UCI is mapped using the Rel-15 UCI multiplexing rules, CG-UCI is sent before HARQ-ACK/NACK.

[Qualcomm] Multiplexing 4 different UCIs adds significant specification and implementation complexity. We don’t see benefits being commensurate to that so don’t see a need for that. Number of multiplexed UCIs needs to be kept to 3.
Also for supporting multiple starting point offsets, we propose to use extended CP of the first symbol rather than puncture the symbols within the slot. This then doesn’t require any new DMRS design etc.


Company views:
	Company
	Summary of Proposal

	Huawei, HiSi
	· The mapping of CG-UCI bits to physical resources on the PUSCH should follow the same procedure as that of multiplexing HARQ A/N bits on PUSCH in NR Rel-15.

	vivo
	· For NR-U UL configured grant, CG-UCI is mapped on the resource of the actual transmission occasion following the mapping rule in Rel-15.
· CG-UCI for configured grant is mapped from the first non-DMRS symbol after the first DMRS in the transmitted PUSCH.
· For NR-U UL configured grant, when HARQ-ACK/CSI is multiplexed on CG-PUSCH, the mapping rule for CG-UCI and HARQ-ACK/CSI should be defined.
· To determine the number of REs used for CG-UCI, the mechanism of beta-offset in NR R15 for HARQ-ACK/CSI on CG-PUSCH can be a starting point.

	ZTE, Sanechips
	· The UCI can be mapped using the Rel-15 UCI multiplexing rules.

	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.

	Samsung
	· CG-UCI should be located on the first symbol after first DMRS.

	LG
	· The CGU-UCI can be mapped from the next symbol of the first DMRS symbol. When the NR UCI is piggybacked on the CGU-PUSCH, the NR UCI is mapped by applying Rel-15 NR UCI multiplexing rule except the REs to which the CGU-UCI is mapped.

	Intel
	· When a PUCCH overlaps with CG-PUSCH within a PUCCH group, the existing UCIs are multiplexed together with the CG-UCI on the CG-PUSCH if enough resources are available. Otherwise, some predefined dropping rules must be enforced.

	Panasonic
	· For CG-UCI multiplexing, Rel.15 multiplexing rule can be reused except CG-UCI is sent before HARQ-ACK/NACK.

	Interdigital
	· NR Rel-15 UCI multiplexing rules is used for CG-UCI mapping.   
· In case of PUCCH and CG-PUSCH overlapping, CG-UCI should be considered with same priority as HARQ-ACK UCI.

	Docomo
	· Rel-15 multiplexing rules used for HARQ-ACK UCI are applied to multiplexing of CG-UCI to CG-PUSCH.

	Qualcomm
	· CG-UCI and DMRS should be sent on symbols after the last allowed starting point of the slot
· If HARQ ACK feedback is scheduled on a configured grant resource, configured grant PUSCH is skipped on that resource. CSI-part1 and CSI-part 2 may however be transmitted along with configured grant PUSCH.
· The CG-UCI is treated as HARQ-ACK payload bits and multiplexed using the HARQ-ACK multiplexing procedures.
· Introduce a new set of beta-offset values for CG-UCI
· CSI part 1 and CSI part 2 are mapped starting on the first available non-DMRS symbol after the last allowed starting point
·  used in computation of number of REs for UCI multiplexing on CG-PUSCH in NR-U is defined as the number of non DMRS PUSCH symbols after the last allowed starting time. This applies to all UCI types.

	Ericsson
	· The same Rel-15 multiplexing rules used for HARQ-ACK UCI are applied to multiplex the CG-UCI on the CG-PUSCH. CG-UCI is part of HARQ-ACK UCI.

	Lenovo, Motorola Mobility
	· CG-UCI is carried only on last PUSCH if multiple configured grant PUSCHs are configured in one UL burst.



Resource configuration
Time domain resource configuration
Following agreements were made in RAN1#97Agreement:
For configured grant time domain resource allocation, the mechanisms in Rel-15 (both Type 1 and Type 2) are extended so that the number of allocated slots following the time instance corresponding to the indicated offset can be configured 
· FFS: How to indicate multiple PUSCHs within a slot.



Following points are raised in the contributions on time domain resource configuration:
· NR-U supports multiple active configured grant configurations per BWP
· Signaling details of number of allocated slots
· DMRS symbol position is maintained in every transmitted CGU slot.
· Multiple PUSCH indication within a slot
· Interpretation of SLIV
· Time domain resource assignment in configured grant repeats over the multiple slots within the CG-allocated slots.
· timeDomainAllocation field is enhanced to indicate one start symbol value providing start symbol for the first slot of any burst and one end symbol value that applies to last slot of any burst,
· UE can be configured with overlapping mini-slot and full slot configurations and UE can choose which configuration it wishes to use on any slot.
· Mini-slot starting points: A symbol level bitmap is used to indicate the allowed starting points within a slot. The same configuration applies for every allocated slot
· additional RRC configured sub-slot time domain resource allocation on top of slot-level resource allocation by indicating one of predefined length of sub-slot, e.g. 2-symbols or 7-symbols.
· If the number of PUSCH occasions within an allocated slot is more than 1, UE determine the mapping of every PUSCH occasion within the slot in consecutive manner.
· flexible indication of multiple consecutive PUSCHs within a slot such that the PUSCH length is longer than a minimum length and can be shorter than 7 symbols

Discuss following options for multiple PUSCH indication within slot:  
Option 1: 
· For the first allocated slot,
· S is the starting symbol of the first PUSCH, L is the PUSCH length for n-1 consecutive PUSCHs.
· FFS: the value of n and the nth PUSCH length.
· For the M-1 allocated slots, 
· Alt 1: Assume S=0, switching to a default PUSCH configuration, e.g., full slot.
· Alt 2: the same configuration as the first slot.
[bookmark: _GoBack][Huawei, HiSi] Alt 2 as stated above would result in gaps between CG slots if S is not 0. We think that “Assume S=0” should be part of Alt 2 rather than Alt 1.
[Sony]: Alt 1 is better to adjust as PUSCH mapping type A with L = 14, instead of default PUSCH configuration. For Alt 2, the gaps issue between CG slots is also relative to the length of n-th PUSCH configured in the first slot. 
Option 2: CGU transmission burst can be transmitted from symbol S in the first transmitted CGU slot to symbol S+L in the last transmitted CGU slot without any gap between transmitted CGU slots.
Option 3: RRC configured sub-slot time domain resource allocation on top of slot-level resource allocation by indicating one of predefined length of sub-slot.


	Company
	Summary of Proposal

	Huawei, HiSi
	· For indicating the number of allocated slots within a period for NR-U CG, a new timeDomainResourceDuration parameter is introduced in the ConfiguredGrantConfig information element. The indication follows the same approach as that of indicating the Periodicity parameter.
· NR-U CG supports flexible indication of multiple consecutive PUSCHs within a slot such that the PUSCH length is longer than a minimum length and can be shorter than 7 symbols at least for the SCSs of 15 and 30 kHz.
· For configuring n PUSCHs per slot without gaps between the CG slots, the SLIV should be reinterpreted as follows for each slot within the CG time resource duration
· L is the PUSCH length for n-1 consecutive PUSCHs and the nth PUSCH occupies the remaining symbols of the slot ( this also means n=⌊ (14-S) / L ⌋ ) 
· S is the starting symbol of the first PUSCH in a slot and set to zero or otherwise applied to only to the first slot and then forced to zero for the subsequent slots
Note that above also means n=⌊ (14-S) / L ⌋
· Multiple active resource configurations per cell per BWP should be supported for uplink transmission with configured grant in NR-U.
· It should be noted though that the solution for indicating multiple PUSCHs within a slot should work within the same active configuration and should not be limited to multiple active configuration. 

	vivo
	· For NR-U UL configured grant, introduce a new parameter N to indicate the number of allocated slots for an offset. Within the first transmission slot, the UE determines the first transmission occasion candidate based on timeDomainOffset, SLIV.
· The number of transmission occasions within a allocated slot is determined by SLIV, for example ⌊ (14-S) / L ⌋;
· For the remaining N-1 allocated slots, assume S=0.
· If the number of PUSCH occasions within an allocated slot is more than 1, UE determine the mapping of every PUSCH occasion within the slot in consecutive manner.
· For NR-U UL configured grant, multiple time domain resource configurations are supported.
· Different configurations correspond to different time granularities and DMRS configurations. 
· 

	ZTE, Sanechips
	· Multiple candidate transmission opportunities in time domain and/or frequency domain can be configured for configured grant.

	MediaTek
	· Multiple active CG configurations per cell per BWP should be supported in NR-U

	LG
	· Time domain resource allocation parameters S and L (where S is the starting symbol index and L is the length of PUSCH in a slot) are reinterpreted that the CGU transmission burst can be transmitted from symbol S in the first transmitted CGU slot to symbol S+L in the last transmitted CGU slot without any gap between transmitted CGU slots.
· DMRS symbol position is maintained in every transmitted CGU slot.

	Lenovo, MotoM
	· Multiple Type B PUSCHs is supported within a slot for configured grant PUSCH transmissions.

	Sony
	· Multiple starting positions for the mini-slot based and slot-based scheme with single PUSCH configuration should be supported on top of Rel-15 mechanisms for time domain resource allocation. 
· RRC message can enable/disable a subset of symbols as accessing opportunities within a slot based on the capability of gNB for handling blind decoding complexity

	Apple
	· Support additional RRC configured sub-slot time domain resource allocation on top of slot-level resource allocation by indicating one of predefined length of sub-slot, e.g. 2-symbols or 7-symbols.  
· UE may switch back to slot-based transmission after channel access is obtained. 
· 

	Qualcomm
	· Number of allocated slots is a M bit number which directly indicates the number of allocated slots from 1 to 2M. We propose M = 4/5/6 for 15/30/60 kHz SCS respectively.
· timeDomainAllocation field is enhanced to indicate one start symbol value providing start symbol for the first slot of any burst and one end symbol value that applies to last slot of any burst, where a burst comprises a set of contiguously allocated slots. 
· For all slots in between the first slot and last slot in any burst, all symbols are allocated
· The following enhancements are considered to support mini-slot operation on configured grant
· UE can be configured with overlapping mini-slot and full slot configurations and UE can choose which configuration it wishes to use on any slot.
· Mini-slot starting points: A symbol level bitmap is used to indicate the allowed starting points within a slot. The same configuration applies for every allocated slot
· For the first (last) slot, the starting (ending) symbol specified through timeDomainAllocation is also an allowed starting (ending) point

	Ericsson
	· NR-U supports multiple active configured grant configurations per BWP
· The time domain resource assignment in configured grant repeats over the multiple slots within the CG-allocated slots. The same symbol allocation and mapping type is used across CG-slots.




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:
Multiple active frequency domain configured grant configurations per BWP are supported 

[Huawei, HiSi] Please note that Huawei’s proposals listed below are intended for providing flexibility for WB operation within the same active configuration


Company views:
	Company
	Summary of Proposal

	Huawei, HiSi
	· 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.

	ZTE, Sanechips
	· Multiple candidate transmission opportunities in time domain and/or frequency domain can be configured for configured grant.

	OPPO
	· Dynamically allocated resource in frequency domain can be considered for CG-PUSCH.

	Sony
	· The configuration of multiple active configured grants is considered as one candidate approach for improving the number of transmission opportunities in the frequency domain. 




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:
Agreement:
· Support multiple UE starting time offsets with sub-symbol granularity with FeLAA AUL approach as the baseline
· FFS: Enhancements specific to NRU



Proposal: 

Company views:

	Company
	Summary of Proposal

	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
	· The explicit indication of the CG configuration resource index and the indication of the starting and ending PUSCH transmission is sufficient to describe the entire UL burst format.
· 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 will not extend beyond the length of 2 symbols.

	Nokia, NSB
	· 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.

	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.
· Allow starting point offsets to take negative values, so the start can be before the slot instead of only after the slot boundary. UE transmits an extended CP of the first OFDM symbol of the slot in the portion between the starting offset and the start of the slot.

	Huawei, HiSi 
	· PUSCH starting/ending may spam multiple blanked OSs
· Number of OSs is based on numerology
· FeLAA approach is reused in NR-U
· 




Ending symbol
Few contributions discussed the issue on ending symbol. 

Proposal:


Company views:
	Company
	Summary of Proposal

	ZTE, Sanechips
	· Determining the ending symbol of NR-U CG PUSCH should consider subcarrier spacing and LBT gap.

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

	Huawei, HiSi
	· PUSCH starting/ending may spam multiple blanked OSs
· Number of OSs is based on numerology

	Lenovo, Motorola Mobility
	· The number of symbols to be blanked is dependent on the numerology.



Other aspects
Company views:
	Company
	Summary of Proposal

	
	· 

	
	· 

	
	· 

	
	· 

	
	· 

	
	· 

	
	· 




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

RAN1#96
Agreement:
For PUSCH transmitted using CG, CBG-based retransmission is supported at least by using dedicated scheduled resource allocated by an UL grant.
· FFS: CBG-based retransmission using a configured grant
· Note: Include this agreement in an LS to RAN2 informing them of relevant RAN1 agreements

Agreement:
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) is supported
· Note: Include this agreement in an LS to RAN2 informing them of relevant RAN1 agreements

Agreement:
When a UE initiates a channel occupancy with a transmission using a configured grant, it can signal at least the following
· The duration that the gNB is allowed to transmit in the channel occupancy initiated by the UE
· FFS: 
· How the duration is signalled
· Whether the UE should signal continued use of the COT for its own transmissions
· LBT priority class

RAN1#96bis
Agreement:
Select from the following additional options for type 1 and type 2 configured grant time domain resource allocation mechanism in NR by RAN1#97
· Option 1: A bitmap to selectively enable or disable configured UL transmission opportunities as per NR Rel-15 configurations.
· FFS: A bit in the bitmap can correspond to a slot or sub-slot or group of slots
· FFS: duration of bitmap in time, e.g. 40ms
· Option 2: A mechanism based on multiple NR Rel-15 configurations
· FFS: Whether any further enhancement is needed to Rel-16 beyond what is being considered in the URLLC WI
· Option 3: Configuration in addition to the Rel-15 baseline of one or more of the following aspects:
· Multiple offsets within an active configuration
· Duration of transmission for an offset
· Option 4: A bitmap to configure UL transmission opportunies to replace current time domain resource configuration
· FFS: A bit in the bitmap can correspond to a slot or sub-slot or group of slots
· FFS: duration of bitmap in time, e.g. 40ms
· Note: This is importing LAA AUL functionality into NR

RAN1#97
Agreement:
For configured grant time domain resource allocation, the mechanisms in Rel-15 (both Type 1 and Type 2) are extended so that the number of allocated slots following the time instance corresponding to the indicated offset can be configured 
· FFS: How to indicate multiple PUSCHs within a slot.

Agreement:
UE can only start transmissions accessing transmission opportunities provided by a configured grant at the configured/indicated starting position.
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