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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

This document summarizes the contributions submitted under the “7.2.2.2.4 Configured grant enhancement” agenda item.
DFI design, including content
Offline Proposal:

· DFI is transmitted using:
· Alt1: GC-PDCCH, size aligned with other DCIs
· The new GC-DCI format can match the size of DCI Format 2_0/2_1 or 2_2/2_3
· RRC configures following parameters
· A groupCommon-DFI-RNTI value
· Semi-static codebook size of X bits
· UE group size
· A logical index for the UE to locate its respective indication bits within the GC-DCI format 
· Alt2: PDCCH scrambled with CS-RNTI, DFI size similar to UL DCI size 
· Size aligned with UL grant DCI format 0_0/0_1 size
· To distinguish DCI for activation/deactivation CG transmission and DFI
· Option1: 1 bit flag explicit indication
· Option2: Use special combination of {e.g. NDI set to ‘0’,  RV set to all ‘1’} to differentiate
· DFI DCI includes HARQ A/N feedback for more than one carrier
· DFI DCI includes information on carrier(s) for which feedback is intended

· DFI DCI includes CBG-level HARQ-ACK feedback in addition to TB-level HARQ-ACK feedback
· FFS: How to align the size of DFI to UL grant

· For type 1 configured grant, UE assumes DFI is only present when CG is configured. For type 2 configured grant, UE assumes DFI is only present when CG is configured, and UE is in activated state for configured grant transmissions

Company views:
	Company
	Summary of Proposal

	ZTE
	· CBG-based retransmission with CG resource should be supported.
· CBG level ACK/NACK feedback information can be included in the DFI.
· Whether the transmission is initial or retransmission, can be indicated by NDI.
· 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.
· DCI scrambled with CG C-RNTI is used for NR-U CG transmission and 1-bit flag is used to distinguish this DCI for activation/deactivation CG transmission and DFI, where CG C-RNTI is similar with AUL C-RNTI in FeLAA.

	Huawei
	· 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 a group common DFI.
· The new GC-DCI format can match the size of Format 2_0 or 2_1   
· 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
· Semi-static codebook size of X bits
· UE group size
· A logical index for the UE to locate its respective indication bits within the GC-DCI format 
· Mixed TB-level and CBG-level HARQ feedback can be provided in a GC-DFI using a semi-static codebook design that allows the gNB to dynamically select the intended UEs from the group and selectively provide the CBG-level feedback to only the TBs with TB-level NACK:
· An indicated UE uses the number of TB-level NACKs for the preceding indicated UEs to locate its corresponding CBG-level fields in the codebook, if any. 
· The following are the contents of the GC-DFI format:
· CIF field
· CBG flag (if CBG level feedback is carried)
· DFI codebook of configured size X bits
· Zero padding bits if any


	vivo
	· The size of CG-DFI should be aligned with one of the DCI formats
· In NRU, it is beneficial to include HARQ ACK bitmap for more than one carrier in DFI
· FFS: The CG-DFI is scrambled by UE-specific RNTI or group-common RNTI

	Intel
	· To reduce blind detection, and complexity, the activation/deactivation and DFI DCI have the same payload size.
· One of the bits of the activation/deactivation and DFI DCI are is used to differentiate between the activation/deactivation and DFI DCI. 
· At least the following fields should be carried within the activation DCI: information regarding the specific time domain configuration used, MCS, and TPC command. 

	MediaTek
	· Support CBG-based retransmission using ONLY dedicated resource scheduled by UL grant.
· A single CG-DFI can provide TB-level HARQ-ACK bitmap(s) for one or more CCs
· A field is included CG-DFI to indicate the HARQ-ACK bitmap(s) is provided to which CC(s)
· FFS: maximum number of the CCs
· CG-DFI is transmitted via DCI format 0_0/0_1 scrambled by CS-RNTI, and the size of DCI format 0_0 /0_1 conveying CG-DFI should not be changed compared to NR Rel-15.
· If CG-DFI is transmitted in DCI format 0_0/0_1 scrambled by CS-RNTI, {NDI, HARQ process, RV} are set to predefined values to distinguish CG-DFI from other purposes.

	Nokia
	· 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.
· DFI is scrambled by CS-RNTI.
· The stopping of cg-RetransmissionTimer can be deferred with a configurable offset to allow gNB further scheduding opportunities after sending NACK via DFI, without creating collissions with UE-autonous retransmissions.
· Support CBG based retransmissions in configured grant resources.

	Lenovo
	· CBG-based retransmission on configured resource is supported. 
· For HARQ-ACK codebook in CG-DFI, TB-level HARQ-ACK feedback is included in CG-DFI for all the UL HARQ processes and CBG-level HARQ-ACK feedback is included just for the first several UL HARQ processes with “NACK” indicated in the TB-level HARQ-ACK feedback. 
· CG-DFI has same size with DCI format 0_1 to reduce UE effort on PDCCH blind detection.

	Sony
	· Support CBG-based retransmission by using configured grant resource for Rel-16 NR-U.
· CG-DFI shall enable a payload reduction mechanism if adopting CBG level HARQ-ACK feedback

	OPPO
	· Support CBG based HARQ-ACK feedback for CG-PUSCH.

	Panasonic
	· For DL channel carrying DFI, GC-PDCCH is used. As the GC-PDCCH, the design of DCI format 2_2 or 2_3 is reused, where the bit field position in the DCI and RNTI are UE specifically configured.
· Whether/how to indicate DFI for scheduled cell in cross-carrier scheduling should be clarified along with DL channel for DFI.

	Apple
	· Not support CBG-based retransmission using a UL configured grant.
· 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
	· CBG level HARQ-ACK feedback information is included in DFI if CBG level retransmission is supported and if DFI size is same as the size of one of DCI formats monitored by NR-U UE.
· DFI is transmitted by GC-PDCCH with a new group-common RNTI

	Samsung
	· CBG-based retransmission using a configured grant should not be supported for NR-U.
· If CBG-based HARQ-ACK feedback is included in DFI, a mechanism which minimizes DFI size should be supported.

	LGE
	· Adopt CBG based transmission for CG considering how to configure control information such as CG-DFI and CG-UCI.
· DFI is transmitted with PDCCH format 0_0/0_1 scrambled by CS-RNTI. DFI can be differentiated with (de)activation by re-using special fields that are used for activation/release PDCCH validation such as NDI and redundancy version, as follows.
	
	DCI format 0_0/0_1

	NDI
	Set to ‘0’

	Redundancy version
	Set to all ‘1’


· 

	Ericsson
	· If CBG is enabled for UL transmissions with configured grant (CG), support CBG-based retransmissions using ONLY dedicated scheduled UL resources. CBG-based retransmissions are not supported on an UL CG resources
· DFI is scrambled with CS-RNTI
· The size of DFI is aligned with the size of  DCI 0_0
· 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

	Qualcomm
	· For type 1 configured grant, UE assumes DFI is only present when CG is configured.  For type 2 configured grant, UE assumes DFI is only present when CG is configured, and UE is in activated state for configured grant transmissions
· DFI should also include an NDI bit for each HARQ ID
· DFI DCI includes information on carrier(s) for which feedback is included
· A single DFI DCI can include HARQ A/N feedback for more than one carrier
· DFI is sent using DCI Format 0_0/0_1 with CS-RNTI
· To distinguish DFI from CG activation/deactivation and UL grant, NDI is set to 0 and LSB of RV is set to 1




UCI content

Offline proposals:
Details on UE initiated COT sharing indication
· The indication of CAPC
· Alt 1: the gNB can transmit PDSCH only when UE initiated the COT using the largest priority class and thus no need to indicate the CAPC in CG-UCI.
· Alt 2: The CAPC value is indicated in CG-UCI. 
· Enabling/disabling of COT sharing:
· Alt 1: COT sharing is enabled/disabled by one-bit indicator in CG-UCI.
· Alt 2: COT sharing is enabled/disabled by special combination of certain fields, for example, a combination index value of DL offset and DL duration, remaining CO duration
· For a UE configured with ED threshold to be used for UE-initiated channel occupancy
· Alt 1: Explicit indication of ED threshold in CG-UCI
· Alt 2: Implicit indication of ED threshold by restricting remaining channel occupancy length (e.g. 2 symbols) indication in CG-UCI
· The indication of the duration that the gNB is allowed to transmit in the channel occupancy initiated by the UE.
· [bookmark: _GoBack]Alt 1: The duration of remaining MCOT after each PUSCH transmission until the end of the COT.
· The remaining COT information is indicated in each CG-UCI	Comment by 作者: Our understanding that this comment applies to some proposals in favor of Alt2 as well
· Alt 2: The duration of sharing COT for the gNB
· 5 bits to indicate the number of slots that the gNB can utilize for PDCCH and/or PDSCH transmission
· Allowed DL duration in the number of slots
· The indication of when to start the DL transmission:
· Alt 1: DL offset for gNB to transmit DL channels/signals is indicated in CG-UCI.
· Alt 2: ‘UL burst end’ indicates when the PUSCH transmission ends which implicitly indicates start of DL transmission
· Alt3: Same bitfield indicates the DL offset in slot granularity or the UL burst end in symbol granularity 

Company views:
	Company
	Summary of Proposal

	ZTE
	· Whether the CRC can be included in the CG-UCI should follow the UCI encoding rules of NR depending on CG-UCI payload size.
· UE ID is not need to be included in the CG-UCI.
· CBGTI should be included in the CG-UCI.
· UAI may also be included in the CG-UCI.
· The COT sharing information can be the remaining slot number and the symbol number of the MCOT. 
· The resource sharing mechanisms and rules for UE initiated COT sharing is the same as the gNB initiated COT sharing.

	Huawei
	· gNB should configure the UE with a deterministic size of CG-UCI including a deterministic size of the COT Sharing Information for a given CG resource configuration
· Indication of PUSCH ending point can be replaced by indicating the ‘UL burst end’ which can be jointly encoded within the COT sharing information without any additional overhead.
· Support one of the following design options for encoding a combination index value of DL offset and DL duration (CIV):
· Opt1: CAPC value, DL Offset and Allowed DL duration are jointly encoded in the CIV based on the numerology configured for the active UL BWP. 
· Opt2: CAPC value is separately indicated in the CG-UCI. The length of the bit field indicating the CIV of   accounts for the largest CAPC value regardless of the CAPC value indicated
· One CIV is reserved for disabled/not-indicated COT sharing. 
· For starting the DL burst with a partial-slot DL transmission, some remaining CIVs can be used to indicate the UL burst ends
· Support the use of other configured resources, e.g., DMRS and/or frequency interlace, to identify the UE ID
· Inclusion of UE ID in the CG-UCI results in unnecessary overhead and should not be supported 
· For gNB to share a COT initiated by a CG UE, the UE indicates in the CG-UCI and index value of one of pre-configured/predefined combinations of DL offset and Allowed DL duration in slots, along with the CAPC UE used to initiate the CO and the UL burst ending point.
· For indicating the DL offset and Allowed DL duration for a UL BWP configured with a large SCS, a reference numerology, e.g., , can be assumed for the CIV encoding and indication only and a scaling by is applied to the received values of . 
· An additional ‘slot_offset_adjustor’ can be indicated for  (1 or 2 bits depending on ) to overcome the coarse granularity of indicated 

	vivo
	· For NRU UL configured grant, the content of CG-UCI can include
· COT sharing information contains a COT sharing indicator to enable or disable the COT sharing and the duration about COT sharing with gNB
· Option 1: The duration of remaining COT after the PUSCH transmission
· Option 2: The duration of sharing COT for the gNB
· The indication of number of HARQ-ACK bits multiplexed in CG-PUSCH.
· The indication of ED threshold that the UE actually applied when initiating a channel occupancy.
· FFS: The LBT priority class that the UE applied when initiating the COT

	Intel
	· The explicit indication of the ending PUSCH transmission is signaled within the CG-UCI
· Together with the HARQ-ID, NDI, and RV, the CG-UCI contains at least also the UE-ID, indication of the ending PUSCH transmission, the channel access priority class, the remaining COT length, and the COT sharing indication.
· To efficiently utilize the UE’s initiated MCOT, the UE will signal to the gNB the CAPC used by the UE which acquired the COT, 1 bit used as COT sharing indication, and 5 bits to indicate the number of slots that the gNB can utilize for PDCCH and/or PDSCH transmission.
· 

	Nokia
	· COT sharing related UCI can be signaled separately ahead of the rest of CG-UCI on PUCCH to allow for timely decoding of COT sharing related control information1. 
· CRC and UE ID should be included in CG-UCI.
· CAPC should be included in CG-UCI.
· To facilitate COT sharing, the UE will need to provide to the gNB information about CAPC, COT structure/duration, and possibly also the TX power assumed when acquiring the COT.

	Lenovo
	· CBGTI indicating the (re)transmitted CBGs of one TB is included in associated CG-UCI.
· For UE-initiated COT sharing for DL transmission, UL CAPC value is included in the CG-UCI.
· In UE-initiated COT, one or more contiguous full slots are shared for DL transmission and SLIV-based indication in unit of full slot is used to indicate the shared slots. 
· UE-ID and CRC are included in the CG-UCI.

	Sony
	· UL transmission duration (e.g PUSCH start and end point/slot) and UE-initiated COT duration (e.g. LBT priority class) should be signaled to gNB via CG-UCI.

	InterDigital
	· The UE indicates the LBT priority class in CG-UCI, when it initiates a channel occupancy.
· Table 1 is considered for the support of CG-UCI contents for CG transmission in NR-U.

	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)

	Samsung
	· NR-U should include UE ID in the CG-UCI.
· NR-U should include UL DAI in the CG-UCI.
· COT sharing indication should be included in the CG-UCI.
· Time domain resource assignment value should be included in CG-UCI for the UL-to-DL sharing

	LGE
	· 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 CG-UCI.
· For a UE configured with ED threshold to be used for UE-initiated channel occupancy, if the UE is allowed to select between configured ED threshold and ED threshold calculated based on UE’s configured maximum transmission power, the UE indicates which ED threshold is used by applying at least one of the following options.
· Option 1: Explicit indication in CG-UCI
· Option 2: Implicit indication by restricting for the UE to carry up to 2 symbols for remaining channel occupancy length 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
· If ED threshold that the UE applies when initiating a channel occupancy to be shared with the gNB is configured, The COT sharing indication is indicated as follows
· The remaining DL duration is indicated in unit of slots. Used UL duration + indicated DL slots do not exceed MCOT
· COT sharing indication: 1 bit indicating if slot n+X is an applicable slot for UL to DL sharing). X is configured by the eNB as part of RRC configuration
· If ED threshold that the UE applies when initiating a channel occupancy to be shared with the gNB is not configured, The COT sharing indication is indicated as follows
· COT sharing indication: 1 bit indicating if slot n+X is an applicable slot for UL to DL sharing). X is configured by the eNB as part of RRC configuration 
· CG-UCI should include CRC and UE ID
· PUSCH starting/ending symbol is not indicated in UCI

	Qualcomm
	· CG-UCI includes information on
· Remaining CO duration from end of the PUSCH
· This can be replaced with a single bit indicator to enable/disable COT sharing when COT sharing ED threshold is not configure
· Offset information indicating where the UE transmissions end
· RRC configures the max duration to report and the granularity (e..g symbol level, half slot level, slot level)
· CAPC is included as part of the COT sharing information in the CG-UCI when COT sharing ED threshold is configured
· Inclusion of UE-ID in the CG-UCI in supported. The presence/absence of UE-ID in CG-UCI can be RRC configured
· Ending symbol used by the UE is indicated in the CG-UCI



UCI multiplexing

Offline proposals:
· In the case of PUCCH overlapping with CG-PUSCH(s) within a PUCCH group, the existing UCIs are multiplexed together with the CG-UCI on first PUSCH transmission
· Alt1: Drop CSI part 2 when the number of UCI types multiplexed in a CG-PUSCH beyond 3
· Alt2: Joint encoding of CG-UCI and HARQ-ACK bits, when there are more than 3 UCI types to report
· Alt3: in the case of HARQ ACK feedback scheduled on a configured grant resource, configured grant PUSCH is skipped 
· 

· The beta offset values for HARQ-ACK are reused for CG-UCI, by reinterpreting the payload size of CG-UCI as if it were HARQ-ACK payload

Company views:
	Company
	Summary of Proposal

	ZTE
	· Drop CSI part 2 or low priority UCI should be adopt when the number of UCI types multiplexed in a CG PUSCH beyond 3 UCI types

	Huawei
	· For the case of collision of the 4 UCI types, support dropping CSI part 2.

	vivo
	· It is supported to multiplex HARQ-ACK on CG PUSCH when the HARQ-ACK PUCCH and CG PUSCH are overlapped
· It is preferred to drop CSI part 2 when the number of UCI types multiplexed in a CG-PUSCH beyond 3 UCI types
· The priority order is CG-UCI, HARQ-ACK, CSI part 1

	MediaTek
	· In the case of a HARQ-ACK feedback scheduled on a PUCCH resource that overlaps a CG-PUSCH, the CG-PUSCH is transmitted and the HARQ-ACK feedback is dropped.
· CG-UCI is multiplexed using the same procedure as HARQ-ACK feedback
· CSI part 1 and part 2 can be sent along with the CG-PUSCH

	Nokia
	· In case of a collision between HARQ-ACK and CG-PUSCH, the CG-PUSCH is dropped.

	xiaomi
	· For UCI multiplexing on CG-PUSCH, Alt 3 should not be adopted.
·  for UCI multiplexing on CG-PUSCH, either the following solution can be considered,
· Add UL DAI field in CG-UCI to indicate the HARQ-ACK codebook size and the CG-UCI and HARQ-ACK information should be encoded separately, and naturally Alt 1 should be adopted as well.
· Always feedback HARQ-ACK for all the configured DL HARQ process when multiplexing on CG-PUSCH, and along with it, either Alt1 or Alt2 can be applied. 

	OPPO
	· Jointly encoding of CG-UCI and HARQ-ACK following the rules of Rel-15 should be supported.

	Intel
	· When a PUCCH overlaps with CG-PUSCH(s) within a PUCCH group, the existing UCIs are multiplexed together with the CG-UCI on first PUSCH transmission where the HARQ-ACK timeline requirements are met according with the following rules:
· 1. If HARQ-ACK is transmitted, HARQ-ACK and CSI part 1 are mapped after the CG-PUSCH, and CSI part 2 is dropped;
· 2. If HARQ-ACK is not transmitted, CSI part 1 and part 2 may be mapped after the CG-PUSCH
· 3. In case not enough resources are available, the following priority order is used: HARQ-ACK -> CG-UCI-> data -> CSI part 1 -> CSI part 2.
· The beta offset values for HARQ-ACK are reused for CG-UCI, by reinterpreting the payload size of CG-UCI as if it were HARQ-ACK payload

	InterDigital
	· In case of PUCCH overlapping with CG-PUSCH, UE drops CSI part 2 when the number of UCI types multiplexed in a CG-PUSCH is greater than 3 UCIs.

	Panasonic
	· CG PUSCH is transmitted only when HARQ-ACK is not transmitted.
· If CG PUSCH transmission collides with HARQ-ACK, HARQ-ACK can be transmitted on PUCCH as if UE does not have transmission data on PUSCH, and the data is going to be transmitted later in another CG resource similar to LBT failure case.
· CG-UCI is multiplexed as same as UCI for HARQ-ACK in Rel.15 NR.

	Apple
	· Joint encoding the CG-UCI and HARQ-ACK bits and reuse the same Rel-15 RE mapping rule defined for HARQ-ACK piggyback on PUSCH.

	DOCOMO
	· Joint encoding of CG-UCI and HARQ-ACK bits is supported when more than 3 UCIs are multiplexed in CG-PUSCH.

	Samsung
	· CG-UCI is located in the resources using the same mapping rule of HARQ-ACK. Then, HARQ-ACK is mapped on the resources where CG-UCI is not mapped.

	LGE
	· When the CG-UCI, HARQ-ACK, and CSI-part1 is multiplexed on a CG-PUSCH, the HARQ-ACK and CSI-part1 can be mapped with second and third priority respectively such as CSI-part1 and CSI-part2 in Rel-15.
· If two UCIs are to be joint encoded, HARQ-ACK and CSI-part1 should be considered which is already supported in Rel-15.

	Ericsson
	· In the case of PUCCH carrying ACK bits overlapping with CG-PUSCH(s), CG-UCI and HARQ-ACK bits are jointly encoded on first PUSCH transmission

	Qualcomm
	· If HARQ ACK feedback is scheduled on a configured grant resource, configured grant PUSCH is skipped on that resource
· UE is only required to include the UCI (such as A/N, CSI-part1, CSI-part2) in CG-PUSCH if the UCI is scheduled Np+ ceil(Toffset / Ts) symbols prior to the CG-PUSCH resource where Np is the previous capability of UE to include the UCI not considering any cyclic prefix extension
· UE should drop CG-PUSCH and transmit the UCI in case the UCI timeline of Np can be met but the new timeline cannot be met
· If only a single offset is configured Toffset = the configured offset
· If UE randomly selects the offset Toffset = max of all allowed offsets




Multiple PUSCHs configuration within a slot
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.



Offline proposals:  
· Multiple PUSCH configuration within a slot for given configuration
· Alt1: length of the different PUSCH are same for a given configuration
· Alt2: length of the different PUSCH can be different (at least one PUSCH can be of different length) within a slot for a given configuration

· Details on multiple PUSCH configuration within a slot
· Option1: 
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.
· [bookmark: _Hlk22042657]Option2:
Within the number of allocated slots, N, following the time instance corresponding to the indicated offset the parameter SLIV is interpreted as:
· For the first allocated slot: S is the starting symbol of the first PUSCH, L-symbol PUSCHs are mapped continuously until the end of the slot.
· For the last allocated slot: assume S=0 and length of PUSCH is L
· For the remaining allocated N-2 slots: Assume S=0, L-symbol PUSCHs are mapped continuously until the end of the slot.
· FFS: the details when the combination of (S, L) has gap
· Option3:
A bitmap indicates the allowed starting positions within a slot, Ending position is end of slot/symbol before subsequent starting position

	Company
	Summary of Proposal

	ZTE
	· A bitmap or starting position and PUSCH duration combination method can be introduced to indicate the starting point of each PUSCHs in multiple PUSCHs transmission within the first slot of the COT.

	Huawei
	· Support an RRC parameter to enable the following Rel-16 enhanced TDRA for transmission with CG in NR-U:
· For configuring multiple consecutive PUSCHs per slot without gaps between the allocated slots of a given configuration, the SLIV is interpreted such that the last PUSCH within an allocated slot can be of different length than L symbols
· S and L correspond to the starting symbol and nominal length of the first PUSCH in the first slot. S=0 is assumed for the first PUSCH in each subsequent allocated slot
· Each subsequent PUSCH in an allocated slot spans the nominal length till the slot boundary 
· The remaining symbols before the slot boundary, if any, are allocated as the last PUSCH of the slot or used for extending the length of the last nominal PUSCH.
· A configured/predefined minimum PUSCH length can be used by the UE to determine whether the PUSCH of different length, if any, is longer or shorter than L symbols.

	vivo
	· For NRU configured grant, length of the different PUSCHs are the same for a given configuration.
· The number of allocated slots following the time instance corresponding to the indicated offset can be configured for periodic/semi-persistent SRS.
· The CG PUSCH mapping in configured N (N >=1) slots given one SLIV value and offset value as follows:
· The allocated N slots contains the first slot determined by the indicated offset value as Rel-15 NR and successive N-1 slots.
· The first slot: start with SLIV indicated PUSCH transmission candidate and contiguous PUSCH transmission candidates with length L until slot boundary, i.e. [S, S + L - 1], [S + L, S + 2 * L - 1], …, [S + (n0 - 1) * L, S + n0 * L - 1] where n0= ⌊(14 - S)  /  L⌋.
· The ith slot in successive N-1 slots (N>1): start with symbol#0 and contiguous PUSCH transmission candidates with length L until slot boundary, i.e. [0, L - 1], [L, 2 * L - 1], …, [(ni - 1) * L, ni * L - 1] where ni=⌊14  /  L⌋.

	Intel
	· The time domain resources for CG transmission are formed through one or more CG configurations which do not have overlapping resources. 
· At least for the first slot of a CG UL burst, for the case when a UE has a CG configuration with SLIV such S+L<14, and repK=1, the time domain resource is composed of N CG PUSCH of length L, where N=floor((14-S)/L), and the remaining 14-N*L-S symbols (if any) are filled using a different configuration. 
· At least for the first slot of a CG UL burst, for the case when a UE has a CG configuration with SLIV such S+L*repK<14, and repK>1, the time resource is composed of repK CG PUSCH of length L, and the remaining symbols within the slot (if any) are filled using a different configuration

	xiaomi
	· Option4 should be supported as the time domain resource allocation scheme for multiple PUSCH scheduling.

	Sony
	· To indicate multiple PUSCHs within a slot, NR-U configured grant should allow different length of PUSCHs for a given CG configuration.

	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. 

	DOCOMO
	· For configured grant, a single SLIV is used for multiple PUSCH indication within a slot.
· For the first allocated slot:
· S is the starting symbol of the first scheduled PUSCH, L-symbol PUSCHs are mapped continuously until the end of the slot.
· Option 1: Combination of (S, L) is limited to no-gap case only.
· Option 2: If the combination of (S, L) has gap, the number of symbols of the last PUSCH in the slot is increased to include symbol#13.
· For the remaining allocated slots:
· Option 1: Assume mapping type B 14-symbol without additional configuration (type 1) or DCI bits (type 2)
· Option 2: Assume mapping type B 14-symbol other than last PUSCH, S = 0 and L is indicated for the last PUSCH with additional configuration (type 1) or DCI bits (type 2)

	Samsung
	· If NR-U configured grant supports multiple starting positions, the number of starting position candidates should be restricted.

	Ericsson
	· All CG-PUSCH within a configuration are assigned the same number of resources (time and frequency
· 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

	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
· 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 ending symbol, UE can choose from any symbol immediately preceding a subsequent starting point in the slot and the last symbol of the slot
· For the first (last) slot, the starting (ending) symbol specified through timeDomainAllocation is also an allowed starting (ending) point





CG-PUSCH Repetition and minimum duration, D
Offline proposal:
· The value of the minimum duration, D: a default value (e.g., 4 slots) is supported before RRC configuration of minimum duration, D
· When the UE is configured with repK > 1, repetition of a TB is mapped within a configuration in the case when an UE is configured with multiple active configurations
· Alt1:the UE repeats the TB in the consecutive transmission occasion candidates instead of consecutive slots 
· Alt2: the UE repeats the TB across consecutive transmissions corresponding to the same configuration applying the same symbol allocation in each slot
· Definition of  the minimum duration, D, in the case of slot aggregation/CG repetition
· For the case of CG repetitions, the minimum duration D is calculated from the ending symbol of each PUSCH of the K repetitions to the starting symbol of the DFI carrying HARQ-ACK for the associated HARQ process ID 
· For the case of slot aggregation for scheduled UL transmission, the minimum duration, D, refers to the time between ending symbol of the PUSCH in the last available slot of aggregated slots to the starting symbol of the DFI carrying HARQ-ACK for the associated HARQ process ID
· For ACK, the minimum duration, D, from the ending symbol of the first PUSCH of the TB repetitions to the starting symbol of the DFI
· For NACK, the minimum duration, D, from the ending symbol of the last available PUSCH of the TB repetitions to the starting symbol of the DFI

	ZTE
	· The minimum duration D between CG PUSCH/slot aggregation PUSCH and DFI can refer to the timing of the PDSCH to HARQ-ACK feedback such as N1 symbols.

	Huawei
	· For the case of slot aggregation for scheduled UL transmission, the minimum duration D should be calculated from the ending symbol of the last PUSCH in the slot-aggregated UL transmission to the starting symbol of the DFI carrying HARQ-ACK for the associated HARQ process ID
· For the case of CG repetitions, each PUSCH of the K repetitions of a given TB should be treated independently such that the minimum duration D should be calculated from the ending symbol of each PUSCH of the K repetitions to the starting symbol of the DFI carrying HARQ-ACK for the associated HARQ process ID.

	vivo
	· For NRU configured grant, the UE shall repeat the TB in the consecutive transmission occasion candidates within a resource group.
· The PUSCH transmission occasion candidates are divided into S resource groups, in which one resource group includes repK consecutive transmission occasion candidates.
· The RV field should be invalid in UCI when CG-PUSCH repetition transmission is configured in NRU

	Intel
	· The HARQ feedback minimum duration D shall be defined as the duration of time from the end time of the first TB repetition PUSCH of slot aggregation to the beginning time of the first symbol of the DFI in the same manner as non-repetition case, while applying the following rules regarding the time duration from the end time of the first TB repetition PUSCH to the beginning time of the first symbol of a DFI containing HARQ feedback:
· When the duration is greater than the minimum duration to for the gNB to process the first repetition, but less than the time required for the gNB to process all repetitions: ACK is valid; NACK is invalid
· When enough time has elapsed such that the duration is enough for the gNB to process all repetitions: both ACK and NACK are valid

	Sony
	· For the case of slot aggregation, 
· For ACK, the minimum duration, D, configured by RRC shall be from the ending symbol of the first PUSCH of the TB repetitions to the starting symbol of the DFI carrying HARQ-ACK for the PUSCH(s) of the TB repetitions. 
· For NACK, the minimum duration, D, configured by RRC shall be from the ending symbol of the last available PUSCH of the TB repetitions to the starting symbol of the DFI carrying HARQ-ACK for the PUSCH(s) of the TB repetitions.
· For the case of slot aggregation, dropping PUSCH on aggregated slots outside COT should be introduced for the NR-U configured grant

	OPPO
	· Among multiple slot aggregated PUSCHs, if at least one PUSCH ends before n-D and the HARQ-ACK indicates an Ack, UE shall assume the HARQ-ACK to be a valid Ack; otherwise, the UE will assume the HARQ-ACK to be invalid

	Nokia
	· For the case of slot aggregation, the minimum duration D can be from the ending symbol of last PUSCH in slot-aggregated UL transmission to the starting symbol of DFI carrying HARQ-ACK for that slot-aggregated UL transmission.

	Panasonic
	· When the UE is configured with repK > 1, the UE repeats the TB across consecutive transmissions corresponding to the same configuration applying the same symbol allocation in each slot.
· For minimum duration D, the following are supported.
· For the case of slot aggregation, the minimum duration, D, refers to the time between ending symbol of the PUSCH in the last available slot of aggregated slots to the starting symbol of the DFI carrying HARQ-ACK for the associated HARQ process ID
· For the case of CG repetitions, the minimum duration D is calculated from the ending symbol of each PUSCH of the K repetitions to the starting symbol of the DFI carrying HARQ-ACK for the associated HARQ process ID

	Samsung
	· For PUSCH with repletion, UE assumes ACK is valid for PUSCH transmissions with first copy ending before n-D, where D is the configured minimum duration.

	LGE
	· The UE can assume that the minimum duration D value is based on the processing capability (e.g., K1 or K2 value) or a default value (e.g., 4 slots) when D has not been configured yet.

	Ericsson
	· For both Type 1 and Type 2 PUSCH transmissions with a configured grant, when the UE is configured with repK > 1, the UE repeats the TB across the repK consecutive transmissions corresponding to the same configuration applying the same symbol allocation in each slot
· the initial transmission of a transport block may start at any occasion in the CG-PUSCH window, followed by K repetitions according to the configured RV sequence
· For any RV sequence, the repetitions shall be terminated after transmitting K repetitions, or when a UL grant for scheduling the same TB is received within the period P, or when an explicit ACK for the same TB is received via DFI, or configured duration after the transmission of the first repetition, whichever is reached first
· Same as for repetition in NR Rel-15, the gNB configures the redundancy version pattern for configured uplink transmissions
· A new parameter “aul-RV” can be defined in the ConfiguredGrantConfig for configuring RV pattern for configured uplink transmissions
· For the nth autonomous transmission occasion, n=1, 2, …, it is associated with (mod(n-1,4)+1)th value in the configured RV sequence for configured transmission, wherein n only counts the actual transmission occasions which have passed the LBT operation

	Qualcomm
	· For the case with PUSCH slot aggregation, UE assumes HARQ-ACK is valid and corresponds to all the repeated PUSCHs sent as part of the slot aggregated PUSCHs whose  transmission ends before n-D, where n is the time corresponding to the beginning of the start symbol of the DFI and D is the RRC configured minimum duration
· For PUSCH sent with slot aggregation, UE should not retransmit a PUSCH based on reception of NACK in DFI if the DFI only included valid ACK feedback for subset of the repeated PUSCHs transmitted by the UE
· NR-U should continue to support configuration of repetitions for CG PUSCH. However, unlike NR where the repetitions of the same TB are on back to back slots, for NR-U, the UE should be given some flexibility on where it chooses to perform the repetitions



Ending symbol

Offline proposal:


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.

	vivo
	· The number of ending symbol can be different for different SCS sizes and different LBT types when gNB shares the UE initiated COT.

	Qualcomm
	· When a full slot is allocated to the UE for CG-PUSCH, UE may select ending symbols from symbols {12,13} for SCS of 15/30kHz and from symbols {11,12,13} for SCS of 60kHz. Ending symbol used by the UE is indicated in the CG-UCI
· FFS Whether this flexibility is RRC configured

	Huawei
	· Proposal 19: Indication of PUSCH ending point can be replaced by indicating the ‘UL burst end’ which can be jointly encoded within the COT sharing information without any additional overhead.




Multiple active configuration
Offline proposal
· 

	Company
	Summary of Proposal

	Huawei
	· Multiple active resource configurations per cell per BWP should be supported such that a single active configuration can satisfy the NR-U channel access and transmission requirements.
· If the UE is configured with multiple non-overlapping active configurations per BWP using Rel-15 TDRA of partial-slot PUSCH, at least the following impacts to UE procedure should be specified:
· The UE does not expect to be configured with repK >1 for any of such configurations
· The UE maps the HARQ retransmissions of a given TB that was initially transmitted on a given PUSCH resource in a slot to only the same PUSCH resource in later slots 
· The UE is not expected to operate in the respective NR-U cell using a single active configuration of such configurations

	OPPO
	· If Rel.16 URLLC feature about multiple active CG configurations can be naturally supported in NRU, without additional RAN1 agreement, it is preferred to stay with option 1.





Other aspects
Company views:
	Company
	Summary of Proposal

	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

	Huawei
	· For an HARQ process that was initially transmitted with configured grant, verification of a scheduled initial transmission can be based on the comparison of NDI reported by UCI and that included in the UL grant to avoid the potential DTX ACK issue
· 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. 
· UE selects a number of LBT-successful subbands to use based on the traffic type and/or the TB size

	MediaTek
	· RAN1 replies the LS from RAN2 that the same power headroom calculation as in Rel-15 NR needs to be used in NR-U operation, and UE should signal some information indicating related to the first transmission occasion along with the PHR.
· CG transmission within a gNB-initiated COT is supported in NR-U, and the COT sharing information could be conveyed by GC-PDCCH.

	Nokia
	· A UE is allowed to adjust (reduce) the tx power for NR-U CG transmissions to some extent to allow for accessing the channel with higher ED threshold. 
· Transmit power for the CP extension used for collision avoidance, and the following CG-PUSCH data are considered separately.     

	Lonovo
	· UE always reports a predefined PHR type, e.g. type-1 PHR, for a serving cell configured with two carriers for cases when the PHR MAC CE is transmitted on a configured grant PUSCH on an unlicensed serving cell. 

	vivo
	· The priority of PUSCH transmission should be defined in the case of the HARQ ID conflict between dynamic UL grant transmission and configured grant transmission

	Nokia
	· Postpone the addition of URLLC specific features to NR-U until more concrete mechanism are concluded for licensed band NR in the Rel-16 URLLC SI.

	OPPO
	· It should be clarified how UE performs CG transmission if the CG frequency resource allocation is over multiple LBT subbands.

	Samsung
	· In NR-U, temporal CORESET/SS configuration for UL-to-DL sharing should be introduced to maximize the resource utilization.

	LGE
	· In order to handle the ambiguity between type 1 PHR and type 3 PHR for the following case 1 or the ambiguity between actual PHR and virtual PHR for the following case 2,
· Case 1) UE transmits CG-PUSCH on NR-U cell which carries PHR of the other cell configured with SUL
· Case 2) UE transmits CG-PUSCH on NR-U cell which carries PHR of the other cell
· UE determines PHR type for above two cases by applying one of the following two alternatives.
· Alt 1: It is up to UE implementation.
· Alt 2: UE always reports type 1 PHR for the other cell configured with SUL in the above case 1 and virtual PHR for the other cell in the above case 2.
· In order to handle the ambiguity between actual PHR and virtual PHR in case that UE transmits PUSCH in a slot on a serving cell which carries PHR of a NR-U cell where CG-PUSCH is configured for the NR-U cell in the slot, UE always reports virtual PHR for the NR-U cell.

	Intel
	The following agreement should be modified as follows:
The starting time offset applied by a UE at the beginning of a transmitted burst with a CG resource at the start of the transmission burst, is RRC configured and defined as the starting position of the CP extension of the symbol located right before or n symbols earlier the configured resources based upon the SCS, and specific UE configuration. 
• Regardless of SCS, the CP extension is up to 72 micro seconds with a granularity of 9 micro seconds
· Irrespectively of whether a CG UE performs an initial transmission inside or outside a gNB’s COT, the starting positions should be selected among the following set of values: {o16, o25, o34, o43, o52, o61, nOS},  where nOS, represents the ending boundary of the symbol before the configured  SLIV indicated resources.

	Ericsson
	· For Configured UL operation, the UL DMRS mapping patterns for both Type A and B mapping are the same as in Rel-15 NR

	Qualcomm
	· UE can indicate a capability to support CP extension/ amount of CP extension it can support
· UE is only expected to be configured with starting point offsets within its capability
· When UE picks the starting point offset randomly, it does so from among the offsets that are within its capability
· UE performs retransmission of CG transmission only if the grant is received using CS-RNTI and NDI is not toggled
· FFS: Updates to mechanisms to differentiate CG activation / deactivation with CG retransmission grant
· Introduce mechanisms to ensure TB size determination is matching at gNB and UE for CG transmission




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.

RAN1#98
Agreement:
· For DFI design for configured grants, support at least the following
· DFI including at least TB level HARQ-ACK bitmap for all UL HARQ processes 
· Note: Total number of HARQ processes is as defined in Rel-15
· FFS: CBG level HARQ-ACK feedback, if supported
· RRC configured minimum duration, D, from the ending symbol of the PUSCH to the starting symbol of the DFI carrying HARQ-ACK for that PUSCH
· Note: UE assumes HARQ-ACK is valid only for PUSCH transmissions ending before n-D, where n is the time corresponding to the beginning of the start symbol of the DFI. 
· FFS: the definition of minimum duration for the case of slot aggregation
· UE blind decoding complexity shall not be increased due to DFI size
Agreement:
The number of separately encoded UCIs multiplexed in a PUSCH transmitted using a configured grant is not changed from Rel-15 (maximum of 3).
Working assumption:
CG-UCI is included in every CG-PUSCH transmission

RAN1#98bis
Agreement:
The starting time offset applied by a UE at the beginning of a transmitted burst with a CG resource at the start of the transmission burst, is RRC configured and defined as the length of a CP extension of the first symbol that is located before the configured resource 
· Regardless of SCS, the CP extension is up to 72 micro seconds with a granularity of 9 micro seconds
Agreement:
CG-UCI is mapped as per Rel-15 rules with CG-UCI having the highest priority (CG-UCI is mapped on the symbols starting after first DMRS symbol)
Agreement:
To determine the number of REs used for CG-UCI, the mechanism of beta-offset in Rel-15 NR for HARQ-ACK on CG-PUSCH is reused.
· A new RRC parameter to configure the beta-offset for CG-UCI is defined. FFS: Value range
Agreement: 
CG-UCI is included in every CG-PUSCH transmission (confirms working assumption from RAN1#98)
Agreement:
· CG-UCI, CSI-part1, CSI-part 2 can be sent on CG-PUSCH at least when CG-UCI and HARQ-ACK feedback is not multiplexed on a CG-PUSCH
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