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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.

RAN1 #AH-1901, Jan 2019

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:
[bookmark: _Hlk991366]CG-UCI should at least include the following information:
· HARQ ID
· NDI
· RV
· COT sharing information, FFS details
· FFS: other information including UE ID

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.
[image: ]
[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.
[image: ]
[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	UCI Payload 
The following was agreed for UCI payload
· CG-UCI should at least include the following information:
· HARQ ID
· NDI
· RV
· COT sharing information, FFS details
· FFS: other information including UE ID
Configured grant transmissions may involve scheduling multiple UEs on overlapping resources including possibly with same DMRS sequence/resource. Including UE-ID in the UCI payload provides a robust and reliable way for gNB to determine which UE is transmitting in such cases. An alternate solution has been proposed that relies on using orthogonal DMRS sequences to different UEs. However, configuring multiple orthogonal DMRS sequences may result in higher DMRS overhead and may not always be feasible such as when also supporting higher rank transmissions on CG PUSCH resources, We hence prefer including UE-ID in the CG-UCI.
[bookmark: p2]Proposal : UE-ID should also be included in the CG-UCI 

3.3	UCI and DMRS Multiplexing
It is desirable for gNB to be able to decode UCI and detect DMRS without knowing the exact starting point to reduce the blind detection complexity at gNB. Hence UCI and DMRS should be sent on symbols after the last allowed starting point. When using Type B PUSCH, this would mean, we have to allow DMRS to be possibly a few symbols into the PUSCH. Alternately we only support only type A PUSCH mapping.	
[bookmark: p3]Proposal : CG-UCI and DMRS should be sent on symbols after the last allowed starting point 

3.4	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. 
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.
In subsequent meetings the following was agreed 
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

As mentioned earlier, In FeLAA, the starting point offset is selected randomly from a set of values when the allocation spans the entire bandwidth but is a fixed value for interlace based partial bandwidth allocation (strict subset of interlaces allocated). The motivation is to avoid collision between UEs on one hand for full bandwidth allocations, and on the other hand to allow FDM across UEs for partial bandwidth allocations. For full bandwidth allocation, the multiple starting offsets allow UEs with later starting offsets to use the medium if the LBT for UEs choosing earlier starting offsets failed, providing better resource utilization. However, for UEs that are scheduled only partial allocation, it is likely that rest of the resources are scheduled for other UEs. Aligning to the same starting point allows these UEs to be multiplexed on different frequency resources at the same time. However, this limits the reuse of that resource since only one starting point is used. Consider an example where two users are given 5 different interlaces each out of a total 10 interlaces. If both these UEs fail LBT, the entire slot is left unused. To better utilize this resource, we could allow for contention between different sets of UEs, where UEs within each set do not have overlapping frequency domain resources by configuring different sets of UEs with partial bandwidth allocation with different starting offsets. For example, UE1 and UE3 are allocated first 5 interlaces, UE2 and UE4 are allocated last 5 interlaces. UE1 and UE2 choose a first starting offset, UE3 and UE4 choose a second starting offset. The resource, thus gets used even if one of these UEs passes LBT while at the same time avoids collision across UEs with overlapping resources. Such a design can be supported by using a random offset based on a configured UE group specific seed. 

[bookmark: p4]Proposal :  In addition to the transmission starting point selection modes supported in FeLAA, a pseudo-random transmission starting point based on a configured seed is also supported for UEs with partial allocation.

Providing multiple starting points within a slot for a UE that is selected based on LBT outcome for CG-UL can improve channel access probability. Additionally, such sub-slot starting points are likely to be supported for scheduled UL and the same design can be carried over to configured grant PUSCH as well. Of course, this may come with higher detection complexity at gNB so the starting points to be supported should be configurable. We propose to make an agreement to support the multiple starting points while postponing further discussion to after related design decisions on scheduled UL operation.
[bookmark: p5]Proposal : Configured grant PUSCH should support multiple starting points within a slot that can be selected by the UE based on LBT outcome 

3.5	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
3.6	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.
3.7	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
3.8	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-ID should also be included in the CG-UCI
Proposal 3: CG-UCI and DMRS should be sent on symbols after the last allowed starting point 
Proposal 4:  In addition to the transmission starting point selection modes supported in FeLAA, a pseudo-random transmission starting point based on a configured seed is also supported for UEs with partial allocation.
Proposal 5: Configured grant PUSCH should support multiple starting points within a slot that can be selected by the UE based on LBT outcome
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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