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1. Introduction
In RAN#82 a new WI [1] for NR based access to unlicensed spectrum was approved following the closure of the corresponding SI [2,3]. The agreements and conclusions of the SI are captured in TR38.889 [4]. The objectives of the WI include specifying the following for physical layer procedures:
· 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 contribution, we provide our views on the NR configured grant (CG) operation in unlicensed spectrum.
Below is a list of previous agreements on this topic:
RAN1 #93, May 2018
Agreement:
· The following modifications to the configured grant procedures are beneficial
· Removing dependencies of HARQ process information to the timing
· Introducing UCI on PUSCH to carry HARQ process ID, NDI, RVID
· Introducing Downlink Feedback Information (DFI) including HARQ feedback for configured grant transmission
· Increased flexibility on time domain resource allocation for the configured grant transmissions
· Supporting retransmissions without explicit UL grant
RAN1 #94, August 2018
Agreement:
Allowing consecutive configured grant resources in time without any gaps in between the resources and non-consecutive configured grant resources (not necessarily periodic) with gaps in between the resources is beneficial and should be considered for NR in unlicensed spectrum
Conclusion:
There is no necessity to exclude Type-1 or Type-2 configured grant mechanism for operation of NR in unlicensed spectrum.
Agreement:
UE selects the HARQ process ID from an RRC configured set of HARQ IDs for NR-unlicensed configured grant transmission.
Agreement:
It is identified to be beneficial to support DFI to include pending HARQ ACK feedback for prior configured grant transmissions from the same UE. 
· FFS: DFI to include HARQ ACK feedback for scheduled UL transmissions using HARQ IDs configured for NR-unlicensed configured grant transmission.
Agreement:
· Retransmission via same configured grant resource is supported for a HARQ process that was initially transmitted via configured grant resource. 
· Retransmission via resource scheduled by UL grant is supported for a HARQ process that was initially transmitted via configured grant resource.
Agreement:
UE may autonomously initiate retransmission for a HARQ process that was initially transmitted via configured grant mechanism for NR-unlicensed when one of the following conditions is met:
· Reception of NACK feedback via DFI for the corresponding HARQ process
· FFS: No reception of feedback from gNB upon the timer expiration.
· To introduce a new timer or reuse configuredGrantTimer.
Agreement:
It is identified to be beneficial to consider UE multiplexing and collision avoidance mechanisms between configured grant transmissions and between configured grant and scheduled grant transmissions. 
· FFS: detailed mechanism.
Agreement:
NR-unlicensed configured grant transmission is not allowed during the time when it overlaps with occasions configured for potential NR-U DRS of the serving cell irrespective of the configured time domain resource for configured grant transmission.
RAN1 #95, November 2018
Agreement:
Adopt the following TP for the TR:
As for potential solutions to providing flexibility on time domain resource allocation, bitmap based approach and NR Rel-15 based time domain resource allocation approach, which includes {periodicity, offset in the frame, start symbol and length of PUSCH and K-repetition signaling}, are identified as potential candidates. Additional aspects such as finer granularity of resource allocation, and multiple resources within a period may be considered for enhancing flexibility on time domain resource allocation.
Agreement:
It was identified that CBG based retransmissions for configured grant based transmissions is beneficial. Details on which CBG related control information is transmitted as part of DFI and UCI, and how such control information is conveyed through DFI and UCI can be determined when standards are developed.
Agreement:
It was identified that collision avoidance between configured grant and scheduled grant based transmission can be achieved by management of starting point of the transmission for configured grant and scheduled grant based transmission. Further details on the management of the starting point of the transmission can be determined when standards are developed.
Agreement:
It was identified that the resources utilized by the UCI, and multiplexing of UCI and data information of PUSCH require consideration of DMRS placement and starting and ending symbols of the configured grant based transmissions. Details on multiplexing UCI and data information of configured grant PUSCH can be determined when standards are developed.
Agreement:
Adopt the following text for the TR:
· Additional information fields can be considered to be included in the UCI, e.g. UE-ID, COT sharing information, PUSCH duration, etc.
· It was identified that it is problematic for the UE to assume ACK in absence of reception of feedback, which may include explicit feedback or feedback in the form of uplink grants. It was additionally identified that assuming NACK upon timer expiration can be a candidate solution to avoid LBT impact on reception of feedback. It was also identified that possible conflicts, with respect to NDI and RNTI for the same HARQ process, between configured grant transmission and scheduled grant transmission may have to be addressed. Details can be determined when specification are developed.
Agreement:
Adopt the following text proposal to the TR:
· It was identified that sharing resources with gNB within COT(s) that is acquired by UE(s) as part of configured grant based transmissions should be supported. It was also identified that allowing configured grant based transmissions within a gNB acquired COT should be supported. Details of identification of situations when COT(s) sharing is possible and the details of potential resource sharing mechanisms and rules can be determined when specifications are developed.
2. Summary of NR Configured Grant Operation
Two types of configured grant transmissions are supported in NR and the details are summarized below. 
· Type I: RRC-only
· Type II: RRC / DCI (no override of any RRC parameters) to signal MCS and available resources
· Slot-based and mini-slot-based tx are supported
· HARQ fully supported with 2 approaches
· Grant-based re-Tx of TB after grant-free (GF)1st Tx on CG resources
· GF 1st Tx on CG resources with up to K=8 re-Tx (or repetition),  with early termination from explicit ACK
· Implicit HARQ ID from selected resource
· Implicit HARQ RV sequence from configuration (including RV cycling and RV0 repetition)
· Periodic, with multiple tx opportunities for repetition in each period. 
· Tx opportunities are tied to certain RV order ({0,2,3,1}, {0,3,0,3}, and {0,0,0,0} are supported). Initial tx of repetition must start with RV0, but its timing is flexible otherwise
In Type 1 NR configured grant, RRC provides periodicity, offset, time-frequency allocation, UE-specific DMRS configuration, MCS/TBS, #repetitions (K), power control, etc. The configuration is shown in Figure 1.
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[bookmark: _Ref506196924]Figure 1 Type 1 NR Configured Grant
In Type 2 NR configured grant, RRC provides periodicity, power control, #repetitions (K), and MCS/TBS, while activation DCI provides offset, time-frequency allocation, MCS/TBS, UE-specific DMRS configuration, etc. The configuration is shown in Figure 2.
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[bookmark: _Ref506197012]Figure 2 Type 2 NR Configured Grant
3. Enhancements to configured grant for NR unlicensed
3.1	Faster transmission adaptation
In NR configured grant, there is no support for transmission adaptation for type 1 configured grant (unless reconfiguration is involved) while gNB may update the transmission parameters in activation DCI for type 2 configured grant. With both types, the transmission adaptation does not happen very fast. 
In NR-U, one could introduce updated transmission parameters selected by UE (e.g., MCS, PMI, RI, SRI etc.) and indicated in CG-UCI for better transmission adaptation. Conversely, gNB could choose to update the configured-grant transmission parameters (such as MCS, RI, PMI, RA, SRI etc.) and signal them in DL feedback (CG-DFI). 
CG-UCI mapping on CG resources can follow UCI on PUSCH in NR. 
CG-DFI can reuse NR DCI format. 
Note that PMI has been introduced in AUL-DFI in addition to HARQ feedback for FeLAA.
[bookmark: p1]Proposal : Faster transmission adaptation can be introduced in NR Configured Grant for better link and medium efficiency.
· gNB based methods: Transmission parameters (such as MCS, RI, PMI, RA, SRI) can be indicated in the CG-DFI
· UE based methods: UE may indicate some transmission parameters (such as MCS, PMI, RI, SRI) in the CG-UCI to improve transmission efficiency
3.2	COT Sharing in NR Configured Grant
COT sharing between UL and DL for the same UE
When UE accesses medium via type 1 LBT outside of a gNB COT, it is possible for UE and gNB to share the UE COT to schedule DL data to the same UE. UE COT information can be indicated in UCI. In addition, gNB may indicate UE to end its configured grant transmission earlier to leave LBT gap for gNB to access the medium. gNB may also indicate to UE that it has DL traffic so that UE can end its transmission earlier for DL transmission.
The COT sharing between UL and DL for the same UE is shown in Figure 3.


[bookmark: _Ref506206125]Figure 3 UE COT sharing between UL and DL
COT sharing between configured grant UL and scheduled UL for the same UE
When UE accesses medium via type 1 LBT outside of a gNB COT, it is also possible for UE and gNB to share the UE COT to schedule UL data to the same UE. Typically, SUL can achieve better link efficiency due to the dynamic scheduling.
In order for SUL to share the same COT with CGUL, UE can include SR in CG-UCI to indicate to gNB that it has data to be scheduled. UE may autonomously leave LBT gap for gNB to perform medium sensing and may choose to autonomously terminate its CGUL transmission early for gNB to schedule in UL (provided the processing time for gNB to decode CG-UCI and prepare UL grant). The SR in CG-UCI can have a smaller processing time compared to the buffer status in UL data.
The COT sharing between SUL and CGUL for the same UE is shown in Figure 4.


[bookmark: _Ref506206241]Figure 4 UE COT sharing between CGUL and SUL
The following agreements were already made in previous meetings regarding COT sharing by UE 
· It was identified that sharing resources with gNB within COT(s) that is acquired by UE(s) as part of configured grant based transmissions should be supported. It was also identified that allowing configured grant based transmissions within a gNB acquired COT should be supported. Details of identification of situations when COT(s) sharing is possible and the details of potential resource sharing mechanisms and rules can be determined when specifications are developed.
· Additional information fields can be considered to be included in the UCI, e.g. UE-ID, COT sharing information, PUSCH duration, etc.
Note also that COT sharing between AUL and DL control has been introduced for AUL in FeLAA.
To make further progress on this topic, we make the following proposals:
[bookmark: p2]Proposal : UE acquired COT can be shared with gNB at least for transmitting DL signals (PDSCH, PDCCH, reference signals) meant for the UE. The UE acquired COT can contain multiple switching points at least for UL transmissions (PUCCH/PUSCH including both configured grant and scheduled/SRS) from the same UE.
[bookmark: p3]Proposal : The following information fields should be included in the CG-UCI 
· UE ID
· HARQ ID
· NDI
· RV
· COT sharing information
3.3	Resource overloading in NR-U configured grant
To reduce CG resource overhead and to achieve better resource utilization, gNB may overload multiple UEs on the same resource to account for the following aspects:
· Some CGUL UEs may not have data to transmit
· Some CGUL/SUL UEs may not be able to pass LBT
Currently, the gNB attempts to separate SUL and CGUL resources in time domain to avoid any collisions between the two. However, to improve medium utilization efficiency, the gNB can allow CGUL UEs to contend for SUL resources by assigning locations (or allowing multiple start locations) which are later than the SUL start position. 
Different transmission starting points allow later UEs to determine whether the earlier UEs occupy the medium or not when they are overloaded on the same resource. On the other hand, UEs allocated on orthogonal resources should have the same starting point in order not to block each other. For example, in FeLAA, when all the frequency domain resources are allocated to a UE, then different UEs can pick different start times (within the first symbol) to contend for the transmission while if only a subset of frequency domain resources are allocated, then the UE is assigned a fixed position to start the UL transmission. However, in NR-U, since different UEs can have different configured BWPs and due to the potential to support both regular and interlaced waveforms, it may be possible to have contention-based transmission among UEs that aren’t allocated the full set of RBs. 
In addition, within a gNB COT, it may be possible for the UEs to perform enhanced channel sensing in the frequency domain under certain conditions (such as when there is no Wi-Fi around or when the gNB can guarantee that there are no other UEs that could transmit until the UE under consideration can finish the sensing procedure, e.g. frequency domain sensing). 
The following agreements were already made in previous meetings with respect to resource overloading:
· It is identified to be beneficial to consider UE multiplexing and collision avoidance mechanisms between configured grant transmissions and between configured grant and scheduled grant transmissions. 
· FFS: detailed mechanism.
It was identified that collision avoidance between configured grant and scheduled grant based transmission can be achieved by management of starting point of the transmission for configured grant and scheduled grant based transmission. Further details on the management of the starting point of the transmission can be determined when standards are developed.
Based on the above discussion, we make the following proposals proving further details on configuration of the multiple starting points.
[bookmark: p4]Proposal : Multiple transmission starting points that are separated at least by a CCA slot (9us) are provided 
· Different transmission starting point sets can be configured for inside and outside a gNB acquired COT.  
· The transmission starting point to be used by a UE can be configured in the following ways
· A fixed starting point: This may be useful for example to enable UEs with non-overlapping frequency domain resources to transmit at same time without blocking each other.
· A randomly chosen starting point: This may be useful for contention among UEs with overlapping frequency domain resources
· A pseudo-random transmission starting point based on a configured seed: This may be useful for contention between different sets of UEs, where UEs within a set do not have overlapping frequency domain resources.
[bookmark: p5]Proposal : Mechanisms should be provided to enable gNB to prioritize scheduled UL transmission over configured grant UL transmission by allowing scheduled UL transmission to have an earlier transmission starting point than configured grant UL transmission 
3.4	CBG based transmission in NR-U Configured Grant
The following was agreed for NR-U configured grant with respect to CBG based retransmission:
· It was identified that CBG based retransmissions for configured grant based transmissions is beneficial. Details on which CBG related control information is transmitted as part of DFI and UCI, and how such control information is conveyed through DFI and UCI can be determined when standards are developed.
CBG based retransmissions for transmissions sent on configured grant resources can be done using scheduled grants. Such an option requires no additional specification work. However, if we wish to enable CBG based retransmissions in configured grant resources, the HARQ feedback in the CG-DFI will need to be updated to include the CBG feedback information. Including this for all HARQ processes may make the DCI size very large in some cases making it difficult to fit all feedback in one DCI. Note that we may want the DCI size to match the UL grant DCI size to avoid blind decoding complexity increase at the UE. To address the payload size issue, we could consider splitting the information across multiple DCIs or consider compression schemes that may feedback TB level ACK/NACK for some of the TBs and CBG level ACK/NACK for others to reduce the DCI size.
[bookmark: p6]Proposal : If CBG based retransmission on configured grant resources is supported, information on ACK/NACK feedback at CBG level is included in the CG-DFI. 
[bookmark: p7]Proposal : If CBG based retransmission on configured grant resources is supported, introduce the following schemes to reduce the DCI size of the CG-DFI 
· Compression schemes to feedback TB and/or CBG level ACK/NACK feedback for all the HARQ processes 
· Splitting payload information into multiple DCIs
In order to avoid any ambiguity between gNB and UE some information about which CBGs are transmitted needs to be included in the UCI. One option is to include the entire CBGTI information in the CG-UCI. 
[bookmark: _Hlk534743548][bookmark: p8]Proposal : If CBG based retransmission on configured grant resources is supported, CBGTI is included in CG-UCI
3.5	Time and Frequency domain resource allocation
The following agreements were made so far in relation to the resource allocation. 
· Allowing consecutive configured grant resources in time without any gaps in between the resources and non-consecutive configured grant resources (not necessarily periodic) with gaps in between the resources is beneficial and should be considered for NR in unlicensed spectrum
· As for potential solutions to providing flexibility on time domain resource allocation, bitmap based approach and NR Rel-15 based time domain resource allocation approach, which includes {periodicity, offset in the frame, start symbol and length of PUSCH and K-repetition signaling}, are identified as potential candidates. Additional aspects such as finer granularity of resource allocation, and multiple resources within a period may be considered for enhancing flexibility on time domain resource allocation. 
We support using a bitmap based approach as was used in FeLAA for AUL to indicate the resource allocation for configured grant resources at a slot level granularity.
[bookmark: p9]Proposal : A bitmap is used to indicate the slot level time domain resource allocation for NR-U configured grant
In a wideband carrier, it is possible that a UE may only pass LBT on a subband. To improve performance in such scenarios, NR-U should support configuring multiple configured grant resources in frequency domain where UE can pick a resource for transmission based on the LBT outcome.
[bookmark: p10]Proposal : NR-U should support configuration of multiple configured grant resources in frequency. UE can pick which frequency resource it uses for the configured grant UL transmission based on the LBT outcome.
3.6	HARQ Timeline
NR currently does not support gNB sending HARQ-ACK feedback information to UE corresponding to PUSCH. Hence no PUSCH to HARQ-ACK delay related parameter is defined. However, with NR-U, the CG-DFI would include HARQ-ACK feedback information. To support this gNB may transmit PUSCH to HARQ-ACK feedback delay parameter. UE should assume that the ACK/NACK feedback in the CG-DFI only corresponds to PUSCH that were completely transmitted before that delay. For any PUSCH transmitted between the delay and the PDCCH, the gNB would likely be sending NACK.
[bookmark: p11]Proposal : gNB provides UE the PUSCH to HARQ-ACK feedback delay parameter. 
· In the DFI, UE only considers the HARQ-ACK feedback for PUSCH that occurred before the provided delay as valid
3.7	Other Aspects
The following was agreed in RAN1#94. 
It is identified to be beneficial to support DFI to include pending HARQ ACK feedback for prior configured grant transmissions from the same UE. 
· FFS: DFI to include HARQ ACK feedback for scheduled UL transmissions using HARQ IDs configured for NR-unlicensed configured grant transmission.
In relation to the FFS point above, we see no harm in network providing this information in the CG-DFI if it so wishes. On the other hand, in absence of such feedback there is ambiguity at the UE on whether the gNB successfully decoded the scheduled UL transmission. UE may thus have to delay when it can reuse the HARQ-ID or there may be situations where gNB didn’t receive the packet successfully, but UE reused the HARQ-ID for new transmission before gNB could reschedule the UE for retransmission of the failed packet. Hence, we propose to agree on the FFS bullet as well.
[bookmark: p12]Proposal : DFI should include HARQ ACK feedback for scheduled UL transmissions using HARQ IDs configured for NR-unlicensed configured grant transmission.
The following was agreed in RAN1#94 and RAN1#95
· UE may autonomously initiate retransmission for a HARQ process that was initially transmitted via configured grant mechanism for NR-unlicensed when one of the following conditions is met:
· Reception of NACK feedback via DFI for the corresponding HARQ process
· FFS: No reception of feedback from gNB upon the timer expiration.
· To introduce a new timer or reuse configuredGrantTimer.
· It was identified that it is problematic for the UE to assume ACK in absence of reception of feedback, which may include explicit feedback or feedback in the form of uplink grants. It was additionally identified that assuming NACK upon timer expiration can be a candidate solution to avoid LBT impact on reception of feedback. It was also identified that possible conflicts, with respect to NDI and RNTI for the same HARQ process, between configured grant transmission and scheduled grant transmission may have to be addressed. Details can be determined when specification are developed.
With configured grant UL transmissions, there can be several occasions when gNB does not even detect the UE transmissions. The gNB may thus not send any ACK/NACK information for that UL packet. For example, UE may send multiple back to back PUSCH using up all the HARQ IDs configured for configured grant. If the gNB doesn’t detect this, it will not send any CG-DFI. In such a case, in absence of the timer based mechanism to trigger new transmission or retransmission, the UE will not be able to use configured grant resources again. If a timer based mechanism is used for new transmissions instead of retransmissions, it will create a lot of holes in the packets delivered to higher layers. Based on the above discussion and in light of the second agreement where issues were identified with UE assuming ACK in absence of reception of feedback, we make the following proposal:
[bookmark: p13]Proposal : UE may autonomously initiate retransmission for a HARQ process that was initially transmitted via configured grant mechanism for NR-unlicensed when one of the following conditions is met:
· Reception of NACK feedback via DFI for the corresponding HARQ process
· No reception of feedback from gNB upon the timer expiration.
· Introduce a new timer for this
Note that we prefer introducing a new timer instead of reusing configuredGrantTimer since the functionality is different at the end of the timer expiry. With configuredGrantTimer we assume ACK after the timer expiry while with the new timer we would assume NACK.
4. Summary
The proposals made in this contribution are summarized below.
Proposal 1: Faster transmission adaptation can be introduced in NR Configured Grant for better link and medium efficiency.
· gNB based methods: Transmission parameters (such as MCS, RI, PMI, RA, SRI) can be indicated in the CG-DFI
· UE based methods: UE may indicate some transmission parameters (such as MCS, PMI, RI, SRI) in the CG-UCI to improve transmission efficiency
Proposal 2: UE acquired COT can be shared with gNB at least for transmitting DL signals (PDSCH, PDCCH, reference signals) meant for the UE. The UE acquired COT can contain multiple switching points at least for UL transmissions (PUCCH/PUSCH including both configured grant and scheduled/SRS) from the same UE.
Proposal 3: The following information fields should be included in the CG-UCI 
· UE ID
· HARQ ID
· NDI
· RV
· COT sharing information
Proposal 4: Multiple transmission starting points that are separated at least by a CCA slot (9us) are provided 
· Different transmission starting point sets can be configured for inside and outside a gNB acquired COT.  
· The transmission starting point to be used by a UE can be configured in the following ways
· A fixed starting point: This may be useful for example to enable UEs with non-overlapping frequency domain resources to transmit at same time without blocking each other.
· A randomly chosen starting point: This may be useful for contention among UEs with overlapping frequency domain resources
· A pseudo-random transmission starting point based on a configured seed: This may be useful for contention between different sets of UEs, where UEs within a set do not have overlapping frequency domain resources.
Proposal 5: Mechanisms should be provided to enable gNB to prioritize scheduled UL transmission over configured grant UL transmission by allowing scheduled UL transmission to have an earlier transmission starting point than configured grant UL transmission 
Proposal 6: If CBG based retransmission on configured grant resources is supported, information on ACK/NACK feedback at CBG level is included in the CG-DFI. 
Proposal 7: If CBG based retransmission on configured grant resources is supported, introduce the following schemes to reduce the DCI size of the CG-DFI 
· Compression schemes to feedback TB and/or CBG level ACK/NACK feedback for all the HARQ processes 
· Splitting payload information into multiple DCIs
Proposal 8: If CBG based retransmission on configured grant resources is supported, CBGTI is included in CG-UCI
Proposal 9: A bitmap is used to indicate the slot level time domain resource allocation for NR-U configured grant
Proposal 10: NR-U should support configuration of multiple configured grant resources in frequency. UE can pick which frequency resource it uses for the configured grant UL transmission based on the LBT outcome.
Proposal 11: gNB provides UE the PUSCH to HARQ-ACK feedback delay parameter. 
· In the DFI, UE only considers the HARQ-ACK feedback for PUSCH that occurred before the provided delay as valid
Proposal 12: DFI should include HARQ ACK feedback for scheduled UL transmissions using HARQ IDs configured for NR-unlicensed configured grant transmission.
Proposal 13: UE may autonomously initiate retransmission for a HARQ process that was initially transmitted via configured grant mechanism for NR-unlicensed when one of the following conditions is met:
· Reception of NACK feedback via DFI for the corresponding HARQ process
· No reception of feedback from gNB upon the timer expiration.
· Introduce a new timer for this
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