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Introduction
In the previous RAN1 meeting #98bis [1], the following agreements were made for configured grant enhancements in NR-U: 
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

In the following sections, we discuss the support of uplink transmission with configured grant in NR-U based on NR Rel-15 CG and the further enhancements required to Type 1 and Type 2 in aspects such as time-frequency resource configuration, HARQ retransmission and feedback indication, UCI on PUSCH, MCOT sharing, as well as transmission adaptation. This is a revision of R1-1910048.  
[bookmark: _Ref129681832]Time-frequency Resource Configuration
Time-domain resource configuration
Extending NR Rel-15 time-domain resource allocation mechanisms
In NR R15, an RRC signaling indicates the full time domain resource allocation for type 1 including periodicity, offset, start symbol and length of PUSCH and K repetitions over K slots (repK). For type 2, only periodicity and repK are given through RRC signaling. The other time domain related parameters are given through DCI activation scrambled with CS-RNTI.
While both the Periodicity, repK, and the timeDomainOffset parameters can be directly reused for NR-U CG, it needs to be decided how the remaining time-domain resource allocation parameters can be reused/enhanced in NR-U: 
· timeDomainResourceDurtaion: Given that the duration of the CG time resource (the number of allocated slots) shall be configured while generally containing transmissions of multiple TBs within a period, this new parameter could be introduced and signaled in RRC (type 1/2). The indication of such a number could be explicit, i.e., N slots or symbols valid for the SCS of the respective active UL BWP, or implicit through indicting the absolute resource duration, e.g. N subframes or msec. Wherein the latter approach, the UE derives the number of allocated slots based on the SCS of the respective active UL BWP. Although the implicit indication is more efficient since the field values and bitwidth are agnostic to the numerology in use, we observe that it would be more intuitive and harmonized if the indication of the new timeDomainResourceDurtaion parameter follows the same explicit approach as that of indicating the Periodicity parameter.    
Proposal 1: 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.
· startSymbolAndLength (SLIV): In NR R15, this parameter indicates the starting symbol (S) and the length of the PUSCH (L) within a slot; the SLIV is repeated over K slots. In NR-U, to avoid gaps between the consecutive slots within a period (when L<14) in which other coexisting nodes may acquire the unlicensed channel, and to avoid allocating all the time-domain resources to the UE (P = L=2, 7, or 14), some enhancements as discussed in the next section are needed as to how the UE would interpret the SLIV parameter. This is particularly important in terms of the channel access opportunities in light of the earlier agreement that a UE can only start transmissions accessing transmission opportunities provided by a CG at the configured/indicated starting position.  

Indication of multiple (mini-slot) PUSCHs within a slot
[bookmark: OLE_LINK9]Given the requirement for NR-U CG to enable configuring multiple PUSCHs within a slot, the following issues need to be addressed:
· A PUSCH is not allowed to cross the slot boundary, whereas gaps between resources allocated in consecutive CG slots should be avoided. Without enhancements, only 2 or 7-symbol PUSCHs are possible for the typical case of NCP.
· Overhead: A 2-symbol PUSCH may not offer sufficient resources due to the high DMRS and UCI overhead, especially when partial BW allocation (interlaces) and/or large SCSs are used.
· HARQ Processes: Transmitting all PUSCHs of length 2 symbols occupies too many HARQ processes thus limiting the ability to transmit new TBs in long bursts and/or when frequent HARQ retransmissions are needed
· UE capability: In NR R15, a UE may only support up 2 or 4 TDMed PUSCHs per slot for different TBs. Consequently, UEs may not support 7 TDMed PUSCHs per slot if repetitions are not needed. 
· Channel access flexibility/probability: Based on coexistence simulation results [2], potentially starting the transmission every 7 symbols is a granularity suitable only for SCSs of 60 kHz or above.  Configuring 7-symbol or longer PUSCHs, at least at the beginning of the CG time resource, would undermine the performance of CG using the SCSs of 15 and 30 kHz that are supported in NR-U. 

As such, further enhancements are needed to provide more flexibility in configuring/indicating multiple mini-slot PUSCHs/channel access occasions within each CG slot without gaps. That is indicating consecutive PUSCHs within the CG slot each of length, e.g.,  symbols, which is a predefined/configured minimum length. 

[image: ]
[bookmark: _Ref13173330]Fig. 1 Flexible configuration of multiple (mini-slot) PUSCHs within each slot of the CG time resource using Llong =L+Lrem when Lrem < Lmin Transmission is based on LBT results.

The enhancements could be as simple as that the UE interprets SLIV as follows where the number of symbols/slot is  and :
· S is the starting symbol of the first PUSCH in a slot and should be set to zero or otherwise applied to only the first slot and then forced to zero for the subsequent slots
· Given , if  , 
·  is the nominal PUSCH length for n-1 consecutive PUSCHs and the nth PUSCH occupies the remaining  symbols of the slot
· Otherwise,  is the nominal PUSCH length for n consecutive PUSCHs and the (n+1)th PUSCH occupies the remaining  symbols of the slot
As shown in Fig. 1, L=4 is configured as indicated in the SLIV which renders 2 remaining OSs (Lrem=2) that can be augmented into the adjacent mini-slot PUSCH of the nominal length L in the same slot to form a longer min-slot PUSCH of length Llong = L+Lrem at the end of the slot. Another alternative is to configure the long mini-slot PUSCH to occur at the beginning of the CG slot. Typically, S should be set to zero and applicable to all CG slots. However, in some cases, the gNB may indicate a non-zero value for S in the SLIV, e.g., to create a gap for LBT from the end of other configured DL/UL transmissions. In such cases, S should apply only to the starting symbol of the first PUSCH within the first CG slot in the period to avoid creating gaps between the consecutive CG slots.
If the same TBS is used for transmissions on the long mini-slot PUSCHs, gNB can indicate in RRC (Type 1/2) or in DCI Type 2, another lower MCS value to be used with the longer transmissions. Otherwise, if the same MCS level is used for all CG transmissions, the UE can derive a larger TBS to be used only with the transmissions on the long mini-slot PUSCHs or rate match the same TBS on the longer PUSCH resource.  
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[bookmark: _Ref13174023]Fig. 2: Hybrid configuration of multiple (mini-slot) PUSCHs/channel access occasions within CG slots prior to channel acquisition. Transmission is based on LBT results.
Furthermore, the gNB may configure the UE with a hybrid configuration wherein for the same active configuration, the multiple mini-slot PUSCHs per slot configuration is assumed for all the slots in which the UE attempts to access the channel whereas subsequent transmission slots, if any, fall back to a default or pre-defined PUSCH configuration, e.g., full slot PUSCH. For instance, if transmission starts in CG Slot m, the UE applies the default configuration to all remaining CG slots starting form slot m+1. The hybrid configuration exploits the fine granularity of mini-slots for increased channel access probability while minimizing the overhead and complexity issues associated with mini-slot transmissions. It is also important to note that indicating S=mod(14, L) in the hybrid configuration eliminates the need for the transmission and the special handling of the long mini-slot PUSCHs as shown in Fig. 2, since the SLIV indication will only be applied to the 1st transmitted CG slot, i.e., at which the transmission starts.
[bookmark: OLE_LINK3]Observation 1: Configuring consecutive 7-symbol or longer PUSCHs, at least at the beginning of the CG time resource, would undermine the performance of CG using the SCSs of 15 and 30 kHz that are supported in NR-U.
Observation 2: Configuring consecutive 2-symbol PUSCHs would not provide sufficient resources for data transmission due to the high DMRS and UCI overhead, especially when partial BW allocation and/or large SCSs are used. It further limits the HARQ (re)transmissions and may not be supported by UE capability. 
[bookmark: OLE_LINK2]
Proposal 2: 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.   

Proposal 3: 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.

Use of multiple active resource configurations per cell per BWP 
An NR-U UE can be transmitting uplink packets from different traffic classes (QCIs) with different latency and/or bit rate requirements for which a single resource configuration, e.g., periodicity and TBS, may not be adequate. In RAN1 meeting #95 [4], it was agreed for enhanced configured grant transmission in NR R16 that multiple active configured grant configurations for a given BWP of a serving cell should be supported at least for different services/traffic types and/or for enhancing reliability and reducing latency.     
Therefore, it is beneficial to support multiple resource configurations per UE for the uplink transmission with configured grant to satisfy the diverse QoS requirements anticipated in NR-U. However, we note that relying on multiple active configuration to address the issue of indicating multiple PUSCHs within a slot as an alternative the enhancements proposed in the previous section entails the following implications:
1- Repetitions of the same TB cannot be performed over the consecutive PUSCHs since they belong to different configurations 
2- HARQ retransmissions on the same TB can only be mapped to the PUSCH resources of the same configuration even if all PUSCH resources are configured with equal length
3- A single active configuration would not satisfy the channel access/transmission requirements of NR-U since only full slot allocation can avoid gaps between the consecutive slots in such case 
4- In case 2-symbol PUSCH allocation is allowed, 7 active configurations are required to serve one traffic type for which the suitable periodicity and number of allocated slots are selected.     
Proposal 4: 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.
Proposal 5: If the UE is configured with multiple 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  
Frequency-domain resource configuration 
Since one of the key features of NR-U is the wideband operation, a CG UE can be configured with a wideband carrier and a wideband UL BWP thereof that spans multiple subbands, e.g., each subband is a 20MHz unlicensed channel. In order to increase the resiliency of the TCG in NR-U to LBT failure, the CG UE can be configured with a frequency-domain resource, e.g., one or more frequency interlaces, across multiple subbands. As agreed in the SI phase, subband LBT is supported and thus the CG UE can perform multiple subband LBT procedures, e.g., following eLAA multi-channel access. Based on the results of the subband LBT procedures, the CG UE can transmit on one or more subbands for which the LBT procedure(s) are successful. Moreover, the CG UE may select the number of subbands to use for its TCG based on the traffic type or the TB size.  
Proposal 6: 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.
Proposal 7: 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
HARQ Enhancements
HARQ retransmission 
NDI in DCI and CG-UCI 
In NR R15 CG, the retransmission is scheduled by UL grant scrambled by CS-RNTI with NDI=1, and UL grant scrambled with C-RNTI always schedules initial transmission regardless of the NDI value. If the legacy NR mechanism is reused, there is a risk of DTXACK issue. E.g., if the gNB miss detects a CG PUSCH transmitted by a UE and associated with a HARQ ID, and schedules the UE for an initial transmission with UL grant scrambled by C-RNTI using the HARQ ID, the UE would misunderstand that the gNB has correctly received the CG PUSCH and then flush the buffer. 
In NR-U, gNB will have the knowledge of the HARQ ID and NDI value from a successfully detected PUSCH, and can use this information for grant-based new (initial) transmission or retransmission. The differentiation of the initial transmission and retransmission can be based on the comparison of NDI reported by CG-UCI and that included in UL grant. E.g., an initial transmission is scheduled if the NDI indicated in UL grant is toggled compared with the NDI reported in CG-UCI of the CG PUSCH, while a retransmission is scheduled if the NDI is non-toggled. Thus the DTXACK issue disappears in the case above since the NDI in UL grant would be non-toggled compared to that reported in the CG-UCI. This rule is also adopted by FeLAA specifications.
For the case where the gNB miss-detects the CG PUSCH after which it intends to schedule the UE with an initial transmission for the same HARQ ID, the NDI in UL grant would be non-toggled compared to that reported in CG-UCI for the miss-detected CG PUSCH from the UE perspective. But as the gNB intended to schedule an initial transmission, the TBS indicated by the UL grant may be different from the miss-detected CG PUSCH. Under the TBS mismatch case, the UE can ignore the UL grant similar as FeLAA, and may perform the retransmission using the next CG PUSCH occasion. 
Proposal 8: 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.
HARQ feedback indication
Minimum PUSCH-to-HARQ-feedback timing
It was agreed in a previous meeting that a minimum duration, D, from the ending symbol of the PUSCH to the starting symbol of the DFI carrying HARQ-ACK for that PUSCH is RRC configured, whereas the 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. 
For the FFS point on the definition of the minimum duration for the case of slot aggregation, we observe that the minimum duration D in this case 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 associated HARQ process ID. 
However, we note that such a case should be applicable only to the scheduled based slot aggregation since CG K-repetitions may or may not occur over multiple slots. Besides, one or more repetitions can be dropped for several reasons. Therefore, for the case of CG repetitions, each PUSCH of the K repetitions of a given TB should be treated independently, and thus, the minimum duration D in that case 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 associated HARQ process ID.
Proposal 9: 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.
Proposal 10: 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.
CBG-based HARQ Feedback
Since CBG-based retransmissions scheduled on dedicated resources are supported, when the DFI is transmitted with only TB-level A/N, it would ignore the successful CBG-based retransmissions on some LBT subbands and thus unnecessarily penalize their respective CWS. Therefore, 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.  
Proposal 11: 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.

Group common DFI
Compared to gNB transmitting the DFI for each UE individually, savings in signaling overhead, LBT overhead, and UE energy consumption can be achieved when group common signaling is employed for ACK/NACK feedback. For instance, the gNB can provide pending HARQ feedback for one or more PUSCH transmitted with configured grant within previous UL COTs using a GC-DCI scrambled with a group RNTI. As shown in Fig. 3, for the UEs configured with the same time-domain resources and with orthogonal interlaces, the HARQ feedback would be needed concurrently; the gNB can thus provide the HARQ feedback simultaneously for such UEs using the GC-DFI without incurring the latency and LBT overhead associated with sending individual UE-specific DFIs.
This technique therefore results as well in reducing the contention in the unlicensed channel and hence improving both intra- and inter-RAT coexistence. Moreover, the CRC overhead will be much less significant when applied to the group common DFI as compared to each individual DFI.
Since it is desired for a DCI format size to be fixed, and possibly matching the size of some other DCI formats in use to reduce the blind decoding effort at the UE side, significant signalling overhead is incurred due to the zero padding in each transmission of the UE-specific DFI when the activation DCI format is reused. On the other hand, it would be also impractical to design a group common DFI using a semi-static codebook in which the bitmap size X provisions for the worst case scenario, i.e., maximum configurable UE group size times NHARQ processes per UE. Such a design becomes even infeasible if CBG-level HARQ feedback is supported in the DFI wherein the bitmap size would be scaled up by NCBG CBGs per TB.
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Fig. 3. Transmission of HARQ feedback in UE-specific DFIs vs. group common DFI

Therefore, as shown in Fig. 4, the key design approach is to allow the gNB to semi-statically group a set of CG UEs to receive the GC-DFI scrambled with a GC-DFI-RNTI value whereas the gNB signals the HARQ-ACK feedback only to a dynamically selected subset of Y UEs within this semi-statically defined group of size NUE. Using a logical index configured through RRC signaling, each UE locates its respective indication bits within the codebook in the GC-DCI format. For the cases where the number of UEs to provide feedback for is large, this design also allows the gNB to split the number of UEs over multiple instances of the GC-DFI transmissions. The dynamic selection of which UEs to indicate in an instance of the GC-DFI can be done by implementation to maximize the utilization of the codebook size. 
   
[image: ]
Fig. 4. Codebook design for GC-DFI of a semi-static size of X bits using a UE-level indication block and considering TB-level only HARQ feedback for the dynamically selected subset of CG UEs

Group Common DFI Format content and size: It was agreed in the previous meeting that the UE blind decoding complexity shall not be increased due to the DFI size. Therefore, we propose that this new GC-DFI format should match the size of one of the existing GC-DCI formats.  Since the CG (de)activation for Type 2 will be done using a UE-specific DCI format, e.g., DCI Format 0_0/0_1, a differentiation flag is not needed in the new GC-DFI format which would be scrambled with a GC-DFI-RNTI value and thus distinguished from the size matching GC-DCI format. Those size matching DCIs can be DCI format 2_0 (up to 128 bits) or DCI format 2_1 (up to 126 bits). 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
Observation 4: Compared to transmitting UE-specific DFIs, following benefits are achieved with the transmission of Group Common DFIs:
· Significant savings in the signaling overhead incurred due to zero padding and CRC attachment in each DCI instance
· Reduced LBT overhead  and feedback latency
· Reduced contention in the unlicensed channel and hence improved intra/inter-RAT coexistence.

Proposal 12: 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   
Proposal 13: 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 Indication: Thanks to this semi-static codebook design that allows the gNB to dynamically select which CG UEs to be indicated within the group common DFI, with a slight modification to the TB-level indication, gNB can selectively provide additional CBG-level HARQ feedback indication for each of those UEs yet only for the TBs with TB-level NACK. For instance, as shown in Fig. 5, an indicated UE uses the number of preceding TB-level NACKs to locate its corresponding CBG-level fields in the codebook, if any. As such, the GC-DFI bitmap size does not have to provision for the worst case scenario with a prohibitive signaling overhead. 
Proposal 14: 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. 
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Fig. 5. Codebook design for GC-DFI of a semi-static size of X bits using a UE-level indication block, a TB-level indication block and CBG-level indication block for TBs with TB-level NACK only. NHARQ = 8 is assumed for illustration purposes only. 
UE-Specific DFI
Despite the numerous drawbacks of the UE-specific DFI design, the consensus in the group is so far inclined towards reproducing the AUL-DFI mechanism. In such case, and in light of the latest agreement on reducing the blind detection effort, the CRC of UE-specific DFI should be scrambled with the CS-RNTI and one of the DCI formats used for UL grant should be reused, i.e., DCI Formats 0_0/0_1.
Due to the absence of the CIF field in DCI Format 0_0, it might be more beneficial to reuse DCI Format 0_1 instead. The following modifications should be applied to the format contents/description:
============================ Possible Modifications==============================
DCI format 0_1 is used for the scheduling of PUSCH in one cell, or activating/releasing a CG transmission on an NR-U cell as defined in [38.213], or indicating CG downlink feedback information (CG-DFI) to a UE that is activated with CG transmission on an NR-U cell.
If the CRC of DCI format 0_1 is scrambled by CS-RNTI,
· Flag for CG differentiation – 1 bit, where value 0 indicates activating/releasing CG transmission and value 1 indicates CG-DFI. 
…
If the format 0_1 is used for indicating CG-DFI to a UE that is activated for transmission with CG, all the remaining fields are set as follows:
· HARQ-ACK bitmap – 16 bits, where the order of the bitmap to HARQ process index mapping is such that HARQ process indices are mapped in ascending order from MSB to LSB of the bitmap. For each bit of the bitmap, value 1 indicates ACK, and value 0 indicates NACK.
· TPC command – 2 bits as defined in [38.213] 
· All the remaining bits in format 0_1 are set to zero.
==================================================================================
MCOT Sharing and LBT Requirements
DL to UL COT sharing: Typically, a transmission with configured grant based on either Type 1 or Type 2 would require the UE to perform CAT4 LBT based on the priority class of the traffic. However, if the gNB transmits a DL Alignment signal, e.g., a GC-PDDCH, to trigger UL transmission from one or more UEs based on the configured grant, only the gNB is required to perform CAT4 LBT with the largest priority class value. Whereas, the UEs with data to transmit can share the gNB-acquired MCOT and either access the channel immediately using CAT1 LBT, if the PUSCH transmission that is shorter than a threshold can start after a gap of 16 μsec or less, or using CAT2 LBT otherwise such that the UEs transmitting in response to the DL Alignment signal limit their COT by the gNB-acquired MCOT. This feature could be supported in NR-U in addition to or combined with the existing feature in AUL by which DL-UL COT sharing can be allowed for scheduled UL and AUL by indicating an UL offset and UL duration in a CPDCCH using format 1C. 
UL to DL COT sharing: The gNB can also provide HARQ feedback for one or more PUSCH transmitted with CG within the UE-acquired MCOT in either a GC-DCI or frequency multiplexed UE-specific DCIs. In comparison to AUL sharing the COT to the eNB, control only transmission always has the smallest CAPC value and thus a UE did not need to indicate the CAPC it used to initiate the UL CO. Furthermore, the eNB was able to start the DL transmission at the first symbol of the subframe indicated by the UE since the PDCCH resources in LTE are always at the beginning of the subframe. Whereas in NR, the T/F resources of CORESET/SS can be flexibly configured in a slot and thus a gNB sharing the UL COT needs to start the DL burst such that at least the first slot contains a configured PDCCH monitoring occasion. 
[image: ] 
Fig. 6. UE indicates to gNB 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.
It was agreed in the previous RAN1 meetings for NR-U that ‘COT sharing information’ is indicated in the CG-UCI such that the information at least indicates to the gNB the time duration within the UE-initiated COT in which it can transmit DL transmissions including PDSCH. Details are FFS. 
Therefore, as shown in Fig. 6, we propose that the CG UE indicates to the gNB in the CG-UCI an 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. The UE flexibly chooses that combination to enable COT sharing after the UL burst such that a configured CORESET/SS monitoring occasion is available in the slot in which the DL burst should start. However, since the DL burst should occur within the  MCOT, not all combinations of   are valid and thus the number of valid combinations can be calculated as , similar to Type1 TDRA/FDRA, where  is at most the  duration in slots and . Since  depends on the CAPC value , one of the following design options for encoding the combination index value (CIV) and determining the length of its bit field can be adopted to reduce the overhead in the CG-UCI and to avoid a variable CG-UCI payload size for the given CG configuration: 
· 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 MCOT of the largest CAPC value regardless of the CAPC value indicated.
In case of Opt1, a combination table may not be configured through RRC. Rather, the following joint encoding procedure can be used at the UE:
 Given an UL CAPC value ,
If  ,
   ,
else
  
If the UE is indicating ‘UL burst end’ as OS#  from the set {1, 2, …, 11}
   ,
Whereas =1.
Due to the fact that Opt2 accounts for the largest MCOT corresponding to the largest p, the bit field length is expected to be even longer for UL BWP configured to use larger SCS such as 60 kHz. Therefore, a reference numerology, e.g.,  (30kHz), can be assumed for the CIV encoding and indication only and a scaling byis applied to the received values of . However an additional ‘slot_offset_adjustor’ would need to be indicated for  (1 or 2 bits depending on ) to overcome the coarse granularity of indicated  
To allow for partial-slot DL transmission in the same slot UE in which the UL burst ends, the UE should also indicate in at least one CG-UCI the OS# marking the ‘UL Burst end’ so that the gNB can create the LBT gap and start COT sharing after the last partial-slot/(mini-slot) PUSCH transmission in the UL burst. However, no additional indication bits are required for that purpose. Rather, some of the remaining number of CIVs that can be indicated by the   bits can be utilized such that each CIV corresponds to ‘UL burst end’ OS# {1, 2, …, 11} in the slot in which COT sharing should start.  
We note that such a mechanism allows for multiple switching points, e.g., UL-DL-UL or UL-DL-UL-DL as compared to indicating only the whole remaining MCOT duration.
Proposal 15: 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. 
Proposal 16: 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 
CG-UCI on PUSCH
In order to introduce CG-UCI in NR-U, enhancements are needed to the UCI content and associated gNB/UE procedures to commensurate the enhanced resource allocation/granularity and the enhanced COT-sharing for NR-U CG as discussed in the previous sections. These enhancements include:
UE ID: As a solution for UE ID determination for transmissions with configured grant in NR-U, some flexible mapping mechanism between the UE ID and the set of configured grant resources/parameters used for the transmission of the associated TB can be used. For example, the UE ID can be determined/verified based on the frequency interlace and/or the DMRS cyclic shift. This in fact allows for a more flexible utilization of the configured grant resources. 
We note that in such case, orthogonal DMRS sequences would be needed only for the UEs that are configured with the same time and frequency resources, i.e., full BW UEs. In the presence of the agreed collision avoidance mechanism using starting offsets, such UEs will not be able to transmit simultaneously and thus alleviating the concerns on reliable detection using DMRS. Also, the gNB is not expected to configure a large number of such UEs due to the latency incurred by their mutual blocking.
Proposal 17: Given that NR-U naturally inherits NR’s support of UE identification without explicit indication, NR-U should consider the following:
· 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 
 
COT sharing information and LBT priority class: As we discussed in the previous section, UE indicates to the gNB 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 for the gNB to schedule DL traffic of the same or higher priority class. Therefore, we propose that the CAPC is either separately indicated in the GC-UCI (Opt 2) or jointly encoded with the (DL offset and Allowed DL duration) combination index value (CIV) indicated in the CG-UCI as discussed in the previous section (Opt1). However, since the DL burst should occur within the  MCOT, not all combinations of   are valid and thus the number of valid combinations can be calculated as , similar to Type1 TDRA/FDRA, where  is at most the  duration in slots and . 

The following table shows an example for the jointly encoded CIV at 30 kHz () wherein the total number of valid jointly encoded combinations is =214, whereas = 1 and the required bit field size would be thus  = 8 bits. The remaining CIV values starting from  are reserved. Note that if the maximum number of slots in the remaining MCOT duration for p=3 and p=4, is limited to a smaller value, e.g., = 5 slots, the required bit field size would be thus = 7 bits instead of 8 in that example following the same calculation method shown in Table 1.
    
Table 1: Opt 1 joint encoding of CAPC value and (DL offset, Allowed DL duration) @ 30 kHz
	[bookmark: OLE_LINK1]CIV
	UL CAPC value p
	Number of  combinations



	0
	0
	Not indicated
(COT sharing Disabled) 

	
	1 (2 mses)
	

	
	2 (4 msec)
	

	
	3 (6 msec)
	

	
	4 (6 msec)
	

	

…

	--
	UL burst end at OS#1
UL burst end at OS#2
…
UL burst end at OS#11

	
...

	Reserved
	Reserved



[bookmark: OLE_LINK5]Table 2 compares the bit field sizes required for indicating the COT sharing information using Opt1 and Opt 2 at different SCS and optimized for different maximum number of slots of the indicated DL duration .   
Table 2: Bit field sizes required for indicating COT sharing information using Opt1 and Opt 2
	
	
	Opt1
	Opt 2

	SCS
	 
slots
	CIV 
bits
	CAPC
bits
	CIV
bits
	CAPC
bits

	15
	4
	6
	-
	5
	2

	
	5
	6
	-
	5
	2

	
	6
	7
	-
	6
	2

	30
	8
	7
	-
	6
	2

	
	10
	8
	-
	7
	2

	
	12
	8
	-
	7
	2

	60
	16
	9
	-
	8
	2

	
	20
	10
	-
	9
	2

	
	24
	10
	-
	9
	2


[bookmark: _GoBack]
PUSCH ending point: This indication is only needed if the ending symbol could be different from the configured one. For instance, to create a gap for LBT for COT sharing. However, as proposed in the previous bullet, this functionality can be achieved using the ‘UL burst end’ indication which can be indicated using some CIV combinations at no additional overhead.

Mapping of CG-UCI on PUSCH: It has been agreed that the maximum number of multiplexed UCI types on CG PUSCH is 3 as in NR R15. In the absence of HARQ-ACK feedback, CG-UCI, CSI part 1, and CSI part 2 can thus be multiplexed on the CG PUSCH whereas the CG-UCI bits are encoded and mapped following the same R15 procedure used for HARQ-ACK. It is yet to be decided however, how to handle the case in which all 4 UCI types are supposed to be multiplexed on the CG PUSCH. The Feature lead summary has captured 3 alternative proposals to handle this case; 
· Alt-1: CSI part 2 is dropped while the CG-UCI, HARQ-ACK and CSI part 1 are multiplexed on the CG PUSCH; 
· Alt-2: Similar to Alt-1 yet the CG-UCI payload is jointly encoded and mapped with the HARQ-ACK payload
· Alt-3: The CG PUSCH transmission is dropped and the feedback is sent on PUCCH instead.
Although Alt-3 avoids the issue of HARQ-ACK payload ambiguity by dropping the transmission of the CG PUSCH itself, this behavior is against the typical UE behavior in R15 in which the preference is given to dropping the transmission of the control only channel (PUCCH) in favor of transmitting the overlapping data channel which then carries the UCI as well. Alt-1 is more in line with R15 behavior since CSI part 2 is of less priority than all of the other UCI types. However, it implies more specification effort to introduce the encoding and mapping of the CG-UCI before the HARQ-ACK and CSI part 1, if any. Alt-2 on the other hand does not improve the issue of HARQ-ACK payload ambiguity but may reduce the specification effort. Therefore, our preference is adopt Alt-1.   
  
[bookmark: OLE_LINK12]Proposal 18: 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
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. 
Proposal 20: 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.
Proposal 21: For the case of collision of the 4 UCI types, support dropping CSI part 2.  

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discussed the uplink transmission with configured grant in NR-U and the changes required with respect to NR in aspects such as time-frequency resource configuration, HARQ enhancements, MCOT sharing and LBT mechanism as well as transmission adaptation. The following observations and proposals were made:
Proposal 1: 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.
Observation 1: In light of the latest agreements in NR-U CG, the PUSCH length determines the minimum channel access granularity in the time domain.
Observation 1: Configuring consecutive 7-symbol or longer PUSCHs, at least at the beginning of the CG time resource, would undermine the performance of CG using the SCSs of 15 and 30 kHz that are supported in NR-U.
Observation 2: Configuring consecutive 2-symbol PUSCHs would not provide sufficient resources for data transmission due to the high DMRS and UCI overhead, especially when partial BW allocation and/or large SCSs are used. It further limits the HARQ (re)transmissions and may not be supported by UE capability. 

Proposal 2: 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.   

Proposal 3: 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.

Proposal 4: 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.
Proposal 5: If the UE is configured with multiple 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  
Proposal 6: 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.
Proposal 7: 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

Proposal 8: 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.
Proposal 9: 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.
Proposal 10: 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.
Proposal 11: 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.
Observation 4: Compared to transmitting UE-specific DFIs, following benefits are achieved with the transmission of Group Common DFIs:
· Significant savings in the signaling overhead incurred due to zero padding and CRC attachment in each DCI instance
· Reduced LBT overhead  and feedback latency
· Reduced contention in the unlicensed channel and hence improved intra/inter-RAT coexistence.

Proposal 12: 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   
Proposal 13: 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 
Proposal 14: 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. 

Proposal 15: 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. 
Proposal 16: 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 
Proposal 17: Given that NR-U naturally inherits NR’s support of UE identification without explicit indication, NR-U should consider the following:
· 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 

Proposal 18: 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

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. 
Proposal 20: 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.
Proposal 21: For the case of collision of the 4 UCI types, support dropping CSI part 2.  
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