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1 Introduction 
In 3GPP TSG RAN Meeting #82, a new WID on NR-based access to Unlicensed Spectrum (RP-182878) [1] was approved. As part of the objectives of the work item, the following physical layer aspects related to the design of configured grant operation were suggested to be specified as per the outcome of the study item (TR38.889) [2]:
	Physical layer procedure(s) including [RAN1, RAN2]:
- Configured Grant operation: NR Type-1 and Type-2 configured grant mechanisms are the baseline for NR-U operation with modifications in line with agreements during the study phase (NR-U TR section 7.2.1.3.4). (RAN1)


 In this context, the following agreements related to configured grant operation were made during the previous RAN1 meetings [3-8]:
	
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

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

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 opportunities 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

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.
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.

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 context of the agreements provided above, in this contribution we will discuss the enhancements for support of the configured grant operation for NR in the unlicensed spectrum.

2 		Grant-free UL Transmission via ‘configured grant’ Mechanism
2.1 Time-Domain Allocation 
During the RAN#1 97 meeting [6], the following agreement was made regarding time-domain allocation:

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.

Therefore, a UE is allocated time-domain resources using the Rel-15 approach, which is indicated by a periodicity P, a slot offset K2, a SLIV (starting symbol S and length L), and a repetition number repK, with the enhancement that a UE is allocated a number of additional consecutive slots following the initially allocated slot via the slot offset. This enhanced allocation is shown below in Figure 1. 
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Figure 1: Rel-15 based time-domain allocation with enhancement to include slot duration

It has also been agreed in the eURLLC WI for Rel-16 NR CG operation that when a UE is configured with repK>1, the UE transmits the TB repetitions so that the PUSCHs containing the repetitions occur in contiguous time occasions. This may lead to nominal PUSCH occasions which cross the slot boundary, as depicted in the figure below. 
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Figure 3: nominal PUSCH crossing slot boundary when repK>1 or S+L>14

Observation 1: An initial transmission of a TB can be transmitted via a nominal mini-slot PUSCH which spans across a slot boundary, if no restrictions to the interpretation of the Rel-15 time-domain allocation and enhancements from Rel-16 as they are applied to CG operation in the unlicensed band. 

Since a PUSCH cannot be transmitted in OFDM symbols such that they cross a slot boundary, it has been agreed that a nominal PUSCH that is scheduled to cross a slot boundary is to be transmitted as two repetitions of the same TB, such that the first repetition ends at the end of the first slot containing the nominal PUSCH, the second repetition should begin at the beginning of the second slot containing the nominal PUSCH, and each repetition should have an indicated RV. This behaviour is depicted in the following figure. 
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Figure 4: nominal PUSCH broken into two separate PUSCHs with TB repetitions

This behaviour can become problematic for CG in NR-U due to the fact that each PUSCH must carry a front loaded DMRS followed by the CG-UCI. Thus, for a single nominal PUSCH, the DMRS and CG-UCI overhead is doubled. It is still beneficial to allow repetitions on contiguous time occasions, but the CG configuration should be such that the repetitions never cross the slot boundary. If the UE is configured such that the repetitions extend beyond the slot boundary, only the repetitions which fit within the slot boundary should be transmitted within the slot. 

Observation 2: The DMRS overhead and potentially CG-UCI overhead both significantly increase for the case when a nominal PUSCH mini-slot spans across a slot boundary.


Within the slots, the SLIV belonging to a particular CG configuration indicates the symbol level allocation in each slot of the slot duration. A UE may begin its initial transmission at any of the configured starting occasions, based on the parameters indicated above, and depending on the configured grant configuration used. Furthermore, once the UE has acquired the channel and begun its uplink burst, it may continue to transmit on as many contiguously allocated time resources until either the contiguous resources end or the end of the MCOT has been reached or the CG UE does not have anything else to transmit. If the SLIV in the CG configuration is such that there is a gap in the time domain allocation, then there is the possibility that the UE may lose the channel. The following options present examples on how to address this problem:

· Option 1: using multiple CG configurations with non-overlapping SLIVs to provide multiple LBT opportunities in the first slot, and one full slot CG configuration. 
· Options 2: use one CG configuration for the first slot to enable multiple non-overlapping mini-slot PUSCHs by extending the definition of the SLIV to indicate consecutive length L PUSCHs after the initial SLIV indicated PUSCH, as many as can fit in the slot; reinterpret the SLIV for the final PUSCH so that it can occupy the final OFDM symbols up to the end of the slot; one CG configuration for full-slot transmissions after the first slot.

In the eURLLC WI for Rel-16 [6] it was agreed that the maximum CG configuration per UE per BWP is four. Option 1 has the advantage of having no additional spec impact on top of what has already been agreed upon for Rel-16 CG. However, it has the limitation that the number of mini-slot configurations possible is limited, especially if a UE is to have one configuration reserved for full-slot PUSCH allocation. Furthermore, it is desirable for the CG configurations’ SLIVs to have the same length, so that if the UE fails LBT for one PUSCH occasion, the already prepared PUSCH can simply be transmitted at the subsequent occasion corresponding to another CG configuration. Therefore, the maximum number of mini-slots that can be transmitted is three when one configuration is used for full-slot PUSCH. If the mini-slot PUSCH configurations are such that they have the same length and combine to occupy a full slot, then the number and length of the mini-slots becomes limited. Assuming that one CG configuration is used for full-slot transmissions, this particularly becomes a problem when the mini-slots have length 2 or 3, where there can only be maximum 3 mini-slots within a slot, and the CG configuration with the earliest PUSCH occasion must start much later in the slot (OS#8 for L=2OS, and OS#5 for L=3OS). 
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Figure 5: Example of case 1 with slot duration of 4
Another issue with Option 1 is that in order to configure resources across the full slot, and still guarantee multiple starting positions, effectively in order to avoid any gaps between PUSCH transmissions, and any PUSCH transmission to occur between slot boundaries, the network has no choice but to configure the CG configurations’ SLIVs to have length 7, which is very limiting.
For Option 2, the advantage is that the one CG configuration can be used to configure multiple mini-slot PUSCH occasions based on one SLIV, even up to really short mini-slot lengths. For example, if S=1 and L=3, then mini-slot PUSCH occasions of length 3 OS are also configured starting at OFDM symbols 4, 7, and 10. However, this allocation would require a mini-slot of length 4 OS at the end of the slot, which is not aligned with the SLIV length, and hence it would have to be understood that this configuration creates a PUSCH longer than the configured length of 3 OS. This reinterpretation of the SLIV for the final PUSCH is further complicated by the case where a CG configuration has S=0 and L=3. In this case, there are length 3 OS mini-slot PUSCHs configured with starting at symbols 0, 3, 6, and 9, and an additional PUSCH of length 2 OS is implied to end the slot. This second CG configuration has a PUSCH shorter than the configured length of 3 OS. The matter of how to allocate the final PUSCH becomes complicated and requires significant specification impact on top of what is already agreed upon on in Rel-16. 
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Figure 6: Example of case 2 with slot duration of 4

One possible compromised solution is to allow one CG configuration to enable consecutive PUSCH occasions within a slot, such as with option 2, but not allow the behaviour of the final PUSCH in the slot to be implicit. In other words, in the case that the remaining symbols in the slot do not fit the configured PUSCH length, then the UE should be configured with an additional CG configuration with a PUSCH SLIV that fits these remaining symbols. This way, the implementation of the UEs CG configurations can be such that the final PUSCH in the slot is not based on disregarding all of the SLIV information. 
During the last RAN#1 [8], the following agreement was made: 

In terms of how to interpret L and K for Rel-16 PUSCH transmissions (for both DG & CG), Alt. 1 is adopted. 
· That is, for the Rel-16 PUSCH with enhanced repetition transmission, the time window within which valid symbols are used for transmission is L*K, starting from the first symbol indicated by the SLIV in TDRA field.

If S+L*K<14 (where K=repK), then by using the Rel.16 procedure, it is possible to generate a nominal window of L*K symbols, composed by K PUSCH repetitions all of the length L. In case the nominal window does not cover the entire slot, and within the slot where are some remaining unused symbols, this can simply be filled-in through an additional CG configuration without any additional enhancements. However, if repK=1, the number of repetitions can be reinterpreted so that the UE will perform N=floor((14-S)/L) PUSCH transmissions all of length L, while the remaining symbols (if any) can be filled through a different CG configuration imposing very minimal specification impact, but still guaranteeing a very flexible allocation of the time domain resources. 

Proposal 1: 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. 

Since it is possible that the CG UE does not utilize all of its configured resources, it is preferable that the gNB receives indication from the UE of the final PUSCH transmission in the UL burst. This can be done using one bit in the CG-UCI. When the UE indicates the final PUSCH of the UL burst, the gNB can stop attempting to detect and decode PUSCH transmissions for the UE in its remaining configured resources. 

Proposal 2: The explicit indication of the ending PUSCH transmission is signalled within the CG-UCI.

2.2 Starting Offsets with Sub-Symbol Granularity 
In the RAN1 #98-bis meeting, the following agreement was made:
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

In NR-U, both grant based PUSCH and configured grant based PUSCH are supported. It is straightforwardly thought that grant based PUSCH needs to be prioritized over configured grant PUSCH, where the prioritization could be given by mulitple ways. 
In LTE eLAA, a grant based PUSCH can start from one of four possible start position as indicated by DCI, i.e. start of OFDM symbol (OS) #0, 25us after OS #0, 25us + TA after OS #0 and start of OS #1. Meanwhile, for FeLAA AUL, the set of start position is {16us, 25us, 34us, 43us, 52us, 61us, OS#1} outside of a gNB-initiated COT, and {16us, 25us} are not allowed from previous set of values inside a gNB-initiated COT. For full BW allocation, UE can randomly select a value from the set for the transmission of AUL; but for partial BW allocation, the UE will be assigned a starting offset value from the aforementioned sets above. Thus, this approach can give higher priority to grant based PUSCH over AUL PUSCH, if gNB schedules grant based PUSCH with start position at OS #0 or 25us. Likewise, similar principles can be also applied to NR-U. However in NR-U, both GB and CG UEs can be configured to begin their PUSCH transmissions on any OFDM symbol in the slot. Therefore, it is not necessary for CG UEs to have the earliest starting positions precluded within the gNB initiated COT, since GB and CG UEs no longer must necessarily have the same PUSCH starting symbol.
With respect to the CP extension descriptions, which will be RRC signaled, if the length of the CP extension is defined according to the agreement in RAN1 #99, rather than CP extension starting positions as in LTE AUL, then new set of values will have to be defined when compared to LTE AUL. Particularly, the CP extension lengths will need to have two sets for the two different lengths of OFDM symbol depending on its position. The first OFDM symbol in each half of a subframe is always slightly longer than the rest of the OFDM symbols. This creates the set of CP extension lengths  {0, 10.87us, 19.87us, 28.87us, 37.87us, 46.87us, 55.87us} for the case when the LBT gap contains one of the longer OFDM symbols, and the CP extension lengths {0, 10.36us, 19.36us, 28.36us, 37.36us, 46.36us, 55.36us} for the case when the LBT gap does not contain the longer OFDM symbols. 
It is more straightforward to define the CP extension starting position with respect to the start of the OFDM symbol that begins the LBT gap, similar to what was done in LTE AUL. For example, the number of symbols over which the CP extension extends and the LBT may be applied is 1OS for 15kHz SCS, 2OS for 30kHz SCS, and 4OS for 60kHz SCS. So the UE’s latest starting position for the case of  15kHz SCS is PUSCH start symbol X, which corresponds to a starting position of  OS, where . The LBT gap may begin at the start of OS#X-, and the starting positions are {16us, 25us, 34us, 43us, 52us, 61us, OS}, where X is understood to be the configured PUSCH starting symbol. This means that regardless of the starting symbol of the PUSCH and the numerology, the starting position of the CP extension can be easily described in the RRC spec using one set of values. 
Observation 3: In the specification multiple RRC signaling entries should be introduced based on the SCS, and the specific position of the symbol that is located before the configured SLIV indicated resources.   
Proposal 3: 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
A gNB can also directly impact prioritization within its initiated COT. A configured grant PUSCH may be forbidden from transmission inside UL burst in a shared gNB-acquired COT by a certain indication. In FeLAA, there is one bit in C-PDCCH which indicates whether CG transmissions are permitted within the gNB-initated COT. We can also reuse the similar behavour in NR-U. Prioritization of a GB transmission over a CG transmsision can also be achieved through proper scheduling, and by chosing the proper set of sub-symbol starting positions.
Proposal 4: 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.

2.3 CG-UCI Mapping, Multiplexing, and Format 
During the RAN#1 98 and RAN#1 98bis meeting [7-8], the following agreements were made:

· The number of separately encoded UCIs multiplexed in a PUSCH transmitted using a configured grant is not changed from Rel-15 (maximum of 3).
· CG-UCI is included in every CG-PUSCH transmission (confirms working assumption from RAN1#98).
· 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)
· 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
· 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

Since the time-domain resources allocated for CG-PUSCH transmission may be configured by the gNB to contend for the channel, and may be allocated so that multiple CG-PUSCH transmissions occur consecutively, overlapping with GB transmissions may occur. In particular, one or more consecutive CG-PUSCHs may actually overlap with a PUCCH within a PUCCH group.  In this case, it is important to define some multiplexing or dropping rules to accommodate for this scenario considering the agreement listed above, according to which the maximum number of separately encoded UCIs within a CG-PUSCH transmission is the same as Rel-15, and set to 3, and the CG-UCI is always mapped with the highest priority.
In case a CG-PUSCH overlaps with a PUCCH within a PUCCH group, the gNB may have scheduled the transmission of the HARQ-ACK and/or CSI information. In the case HARQ-ACK is not scheduled on the PUCCH within the PUCCH group overlapping with the CG-PUSCH, then based on the agreements reached during RAN#1 98bis meeting [8] the CG-UCI can be multiplexed with CSI-part 1 and CSI part-2. 
When HARQ-ACK is instead scheduled on the PUCCH within the PUCCH group overlapping with the CG-PUSCH, it is important to notice that if no dropping/multiplexing rules are defined, then by skipping a CG-PUSCH within an UL burst, in the attempt to transmit the PUCCH where the HARQ-ACK is scheduled may lead to a gap between CG-PUSCH transmissions within an CG burst. This gap has a deleterious impact on the overall performance since it will increase the LBT overhead and also reduce spectral efficiency, since the GC UE will need to perform an LBT procedure again during that gap to be able to continue its UL transmission.
Therefore, in case the gNB schedules both HARQ-ACK and CSI information within the PUCCH that overlaps with the CG-PUSCH transmission, in order to guarantee that a maximum of 3 UCIs are separately encoded, CSI part 2, if scheduled, should be dropped. In this case, the UE multiplexes the UCIs with the following priority order: CG-UCI, HARQ-ACK and CSI-part 1. As for the data, this can be rate matched on the remaining resources after the scheduled UCIs are multiplexed following the aforementioned rule. 
 However, it may also happen that the CG-PUSCH resources may not be sufficient to allow the approach described above. Then either CG-UCI or the legacy UCIs carried within the PUCCH may be dropped. In this case, one possibility may be to enforce dropping based on a predefined list which indicates their priority, and their encoding order compared to other UCIs. Given the criticality of the HARQ-ACK information, HARQ-ACK should be always transmitted, followed by CG-UCI, then data and CSI part 1 and CSI part 2. Therefore, priority order may be as follows: HARQ-ACK -> CG-UCI-> data -> CSI part 1 -> CSI part 2, where the former has higher priority. Finally, in the case, multiple CG-PUSCH transmissions overlap with a PUCCH within a PUCCH group, similar approach as in Rel-15 can be used, and the existing UCIs are multiplexed according with the rules described above within the first PUSCH that satisfies the HARQ-ACK timeline requirements. 
Proposal 5: 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.

During the RAN#1 98bis meeting [7] it was agreed that to determine the number of REs used for CG-UCI, the mechanism of beta-offset used in Rel-15 NR would be reused, but it was left as FFS on which values should be used. In Rel. 15, similar agreement it was made for the AUL design, and the value of the beta-offset defined in LTE for HARQ-ACK were reused for the AUL-UCI, by reinterpreting the payload size of the AUL-UCI as if it were the HARQ-ACK payload. Similar concept can now be applied for the CG feature in NR-U.
Proposal 6: 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.
During the previous RAN1 #AH 1901 meeting, it was agreed that the CG-UCI includes at least the HARQ process ID, NDI, RV, and COT sharing information. During the same meeting, it was left for future study on whether the UE-ID should be provided explicitly in the CG-UCI or not. In this matter, providing explicitly the UE-ID within the CG-UCI ensures a more reliable detection of this critical information. Another alternative to provide UE-ID in CG-UCI is to scramble this information with the CRC of the CG-UCI like the PDCCH. In this last option, due to the fact that the gNB would need to perform a large number of hypothesis testing, the reliability of this information would be impacted by false detection. That said, it is preferable to explicitly carry the UE-ID directly within the CG-UCI, and scramble the CRC of the CG-UCI with a cell-specific value.
As for the ending positions, as for FeLAA, only the last one or two symbols, depending on the subcarrier spacing (one symbol is sufficient for CG transmissions operating with 15 or 30 KHz subcarrier spacing, and two symbols are instead needed when operating with 60 KHz subcarrier spacing), of the last slot of a CG burst should be left unused to leave 25us LBT gap. In this matter, to simplify the gNB’s operation, the CG-UCI can contain one bit to indicatewhether the current slot is the last slot of a CG burst or not. Furthermore, as described in Sec. 2.1, this information can be used by the gNB to identify whether the CG UE has terminated earlier its transmission.
 Furthermore, as will be discussed more in details in Sec. 2.6, the CG-UCI needs to also carry information related to the COT acquired by the CG UE in order to allow an efficient use of the MCOT and share unutilized resources within it with the associated gNB. In particular, the CG-UCI needs to carry:
1. the channel access priority class (CAPC), in order to inform the network about the priority class used by the UE to acquire this COT, so that the gNB can use the same or higher priority class to transmit DL-SCH within the shared COT so that to ensure fair coexistence with the incumbent technologies;
2. a remaining COT length indication, which provides information regarding the exact number of slots that the gNB can utilize;
3. A COT sharing indication, which indicates to the gNB that the CG UL burst has terminated, and gNB can utilize all the remaining resources after this point.
Table I – Content of the CG-UCI
	Field
	Bit width (payload)

	HARQ process ID
	4

	RV
	2

	NDI
	1

	COT Sharing Indication
	1

	UE-ID
	16

	PUSCH end symbol
	1

	Channel access priority class
	2

	Remaining Slots
	5



Proposal 7: 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.

2.4 HARQ Format and Related Procedures 
In Rel. 15 a similar procedure as the LTE SPS is used to discern a new transmission from a retransmission. In particular, the two are distinguished by using a different RNTI. In legacy CG, C-RNTI is an indication of a new transmission regardless of the NDI value, and CS-RNTI is an indication of a retransmission when NDI is set to ‘1’, and activation/deactivation with NDI set to ‘0’. In LTE SPS, C-RNTI is an indication of a new transmission regardless of the NDI value, and SPS-C-RNTI is an indication of a retransmission when NDI is set to ‘1’, and activation/deactivation with NDI set to ‘0’. In feLAA, the SPS mechanism was not adopted, and in order to distinguish the unlicensed DCIs between those used for scheduled and autonomous transmission a new RNTI was introduced: AUL-C-RNTI. In this matter, independently if a scheduled transmission is a new transmission or a re-transmission, C-RNTI is used, and the distinction between the two types of transmission is inferred from the NDI toggling (i.e. for a new transmission, the NDI is toggled, while for a retransmission the NDI is not toggled). 


Figure 5: Summary of the RNTI handling for legacy NR CG, LTE SPS and LTE AUL.
When considering which approach to use for Rel.16 CG in NR-U, the following issue should be taken into account: According to current agreements, the RNTI and HARQ ID that can be used for CG transmission need to be chosen from a limited pool of values, which can be also used for GB transmissions. Assume a UE transmits a CG TB with HARQ process ID ‘X’. However, if the gNB is not able to detect this transmission due to unexpected interference, i.e. DTX, then it is unaware that the UE has already used HARQ process ID ‘X’. If now, the gNB schedules a dynamic PUSCH with C-RNTI using the same HARQ process ID as that used for the CG transmission, the UE would interpret the CG transmission as successfully transmitted, and it will flush-out the buffer related to that HARQ-ID replacing its content with a new TB, when instead the gNB has never successfully received it. This issue will be eventually detected though higher layer retransmission and that CG transmission may be recovered, but after a long delay. 
Observation 4: If similar approach as legacy NR CG or LTE SPS is used for CG in NR-U, the UE is unable to discern whether an initial transmission or retransmission performed using a given HARQ process ID has been successfully received or not by the gNB, for the case when the gNB initiates a GB transmission with the same HARQ process ID.

2.5 Activation/deactivation and DFI DCI: Format and Content 
In FeLAA AUL, DFI is introduced to indicate HARQ-ACK for the PUSCH. One HARQ-ACK bit is transmitted for each TB in the DFI. In summary 16 or 32 bits are transmitted in DFI for all HARQ processes for UL TM1 or TM2. And for a HARQ process not configured for AUL transmission, the HARQ-ACK bit is still needs to be transmitted for CWS adjustment purpose. We believe the same principle on DFI that was used in the FeLAA design can be applicable for NR-U. However, a direct extension of the scheme may result in quite large overhead if NR-U configured grant based PUSCH supports CBG based transmissions. Assuming 16 HARQ processes for CG, and each TB has 8 CBGs configured, 128 bits should be carried in DFI, which is too large compared to regular DCI size. If CBG based transmissions are supported for CG, overhead reduction schemes are necessary in order to match the DFI size with existing DCI size.  One simple way is that only the HARQ-ACKs for a subset of HARQ processes are transmitted in a single DFI, and the remaining HARQ-ACKs can be transmitted in different DFIs.
Given that the legacy type 2 CG resource allocation mechanism is based upon a combination of RRC configurations, and L1 signaling used to activate and deactivate that specific configuration, the design of an activation/deactivation DCI is needed. In order to reduce blind detection and complexity, the activation/deactivation and DFI DCIs must have the same payload size.
Proposal 8: To reduce blind detection and complexity, the activation/deactivation and DFI DCI have the same payload size.
Given that a new RNTI (CG-C-RNTI) is used, similarly as in FeLAA, to distinguish the DCIs used for GB transmissions, from the DCIs for CG transmission, one bit is needed in the newly defined DCIs used for CG in unlicensed operation among them: the one bit is used to discern between the activation/deactivation and the DFI DCI. The DCI for activation can include at least information regarding the specific time domain configuration that needs to be activated, but also power control and the link adaptation information such as TPC command, and MCS. 

Proposal 9: One of the bits of the activation/deactivation and DFI DCI are is used to differentiate between the activation/deactivation and DFI DCI. 
Proposal 10: At least the following fields should be carried within the activation DCI: information regarding the specific time domain configuration used, MCS, and TPC command. 
During the RAN#1 98 meeting [7], the following agreement was made:

· 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

Regarding the minimum duration D for the case of slot aggregation for UEs using the configured grant operation when operating in an unlicensed band, if a UE is configured to transmit multiple repetitions of a TB in consecutive PUSCHs, then it is possible that the gNB can successfully decode the TB after receiving the first repetition. However, it is also possible that the gNB also may need to receive multiple repetitions of a TB in order to successfully decode it. Furthermore, it is possible that the gNB may not be able to decode the TB after receiving all the repetitions. In this case, the minimum duration parameter D, which indicates the minimum time duration for which HARQ feedback can be considered valid must be further considered. 
For the duration D, which is defined so that it starts from the end of the PUSCH containing the first repetition of a TB with an associated HARQ process ID to the beginning of the earliest DFI which contains feedback for that HARQ process, since it is possible that the gNB successfully decodes the TB after the first repetition, a UE can consider valid an ACK response that the gNB sends the UE after duration D, while any HARQ feedback before this duration D is considered invalid. However, if the duration of time is more than D but less than the time for the gNB to receive, process, and send feedback for ALL repetitions, then NACK should be considered invalid by the UE. This is because the gNB may send HARQ feedback on or after the earliest occasion possible after processing the first TB repetition. It is reasonable to allow the gNB to send an ACK at the earliest possible occasion to avoid unnecessary increases in latency. However, for the NACK case, the UE should wait to give the gNB sufficient time to process all repetitions before considering the NACK response as conclusive, and thus valid. This can be demonstrated in the example contained in the figure below. 
[image: ]
Figure 6: Illustration of minimum durations UE waits before accepting HARQ-ACK feedback for a certain HARQ process with respect to multiple repetitions of a TB
Therefore, only after the duration of time has elapsed such that the gNB can process all repetitions of a TB should NACK be considered valid, and before this duration NACK should be considered invalid. However, ACK is always considered valid regardless of how many repetitions are covered by applying duration D.

Proposal 11: 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:
· When the duration is greater than the minimum duration required 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

2.6 COT sharing procedures 
There are two general cases for COT sharing for configured grant UEs. One is UE-initiated COT sharing, where the configured grant UE acquires the COT after performing CAT-4 LBT and indicates shared DL resources to the gNB after a certain offset (known to both UE and gNB). The other case is the gNB-initiated COT, where the gNB acquires the COT after performing CAT-4 LBT, and then signals to UEs that PUSCH is to be transmitted in certain slots during the COT duration. 
In FeLAA, the gNB was allowed to transmit within the UE’s shared COT up to two OFDM symbols for ACK/NACK feedback through the AUL-DFI, or an UL grant to the UE which had acquired the COT. In order to enable this procedure, and cope with the gNB’s processing time, in FeLAA each AUL UE is configured with a COT sharing offset X via RRC signaling. During subframe n, the UE indicates in its AUL-UCI a COT sharing indication using one bit, and the eNB knows that at the end of subframe n+X-1, the final symbol in the subframe is blanked, allowing for the eNB to perform LBT and acquire the shared COT for a PDCCH transmission of at most 2 symbols at the beginning of subframe n+X. 
As for NR-U, during the RAN#1 98bis meeting [8], it was agreed that the CG UE can share its unused resources within its acquired COT with its associated gNB, and that the gNB is allowed to perform both PDSCH and PDCCH transmissions. Now, in order to enable UL to DL COT sharing operation for NR-U, and enable the gNB to efficiently perform a transmission within a UE’s initiated COT, the UE needs to carry in its CG-UCI the information related to the CAPC that it used in order to acquire that COT. This information allows the UE to inform the gNB about the priority class that was used, so that the gNB can follow the same or utilize a higher priority to perform DL-SCH transmissions within that COT so as to ensure fair coexistence with other incumbent technologies. Furthermore, the UE provides to the gNB a COT sharing indication and the length of the DL slots available. 
Since the UE knows the length of the MCOT and the number of slots remaining in the MCOT starting from the COT sharing boundary, the UE can signal the length of the available DL slots such that the maximum DL duration does not exceed the MCOT duration. In the worst case scenario, i.e. when SCS is 60 kHz and only one PUSCH transmission is transmitted, accounting for gNB processing time, the maximum remaining time in the MCOT can be up to 9.25ms. However, in order to strike a balance between flexibility, efficient MCOT use, and CG-UCI signalling overhead, 5 bits can be used to indicate the length of the DL slots in the MCOT. This gives a maximum DL length of 8 ms, which provides sufficient flexibility for signalling the remaining length of the MCOT, while using a reasonable amount of CG-UCI overhead. 
The COT sharing indication bit indicates to the gNB the slot offset from the CG-UCI containing the COT sharing information and the start of the DL slot length. This slot offset should take into account the gNB’s processing capabilities, such that the gNB has sufficient time to determine the slot offset and prepare DL transmissions at the time of the indicated COT sharing boundary. 
Proposal 12: 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.  

3 Conclusions
In this contribution, we discussed the potential modifications to Rel. 15 NR configured grant mechanism to support operating on unlicensed spectrum, and we derived the following proposals and observations:
Observation 1: An initial transmission of a TB can be transmitted via a nominal mini-slot PUSCH which spans across a slot boundary, if no restrictions to the interpretation of the Rel-15 time-domain allocation and enhancements as they are applied to CG operation in the unlicensed band.
Observation 2: The DMRS overhead and potentially CG-UCI overhead both significantly increase for the case when a nominal PUSCH mini-slot spans across a slot boundary.
Proposal 1: 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. 
Proposal 2: The explicit indication of the ending PUSCH transmission is signaled within the CG-UCI.
Observation 3: In the specification multiple RRC signaling entries should be introduced based on the SCS, and the specific position of the symbol that is located before the configured SLIV indicated resources.   
Proposal 3: 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
Proposal 4: 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.
Proposal 5: 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.
Proposal 6: 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.
Proposal 7: 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.
Observation 4: If similar approach as legacy NR CG or LTE SPS is used (option 1), the UE is unable to discern wheneter an initial transmission or retransmission performed using a given HARQ process id has been successfully received by the gNB, for the case when the gNB initiates a GB transmission with the same HARQ process id.  
Proposal 8: To reduce blind detection, and complexity, the activation/deactivation and DFI DCI have the same payload size.
Proposal 9: One of the bits of the activation/deactivation and DFI DCI are is used to differentiate between the activation/deactivation and DFI DCI. 
Proposal 10: At least the following fields should be carried within the activation DCI: information regarding the specific time domain configuration used, MCS, and TPC command. 
Proposal 11: 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
Proposal 12: 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.  
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