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1	Introduction
Based on autonomous UL transmission in feLAA and Rel-15 NR configured grant design, the study on potential enhancements to configured grants in NR-U had good progress during the NR-U study item. The latest approved WID is in RP-191575. Furthermore, RAN#84 also endorsed priorities for the remaining work in the NR-U WI in RP-191581.For CG, following points were highlighted:
Essential
· DFI design, including content and CG PUSCH to DFI timing
· UCI design, including content and multiplexing
Optimizations
· Ending symbol flexibility
· CBG based transmission with CG resource
In this contribution, we discuss the remaining issues for NR-U configured grants. The agreements have been made since the start of the WI are summarized in the APPENDIX.
2		DFI design
HARQ related procedures
In NR-U Study Item, three retransmission options for a HARQ process that was initially transmitted via configured grant mechanism were identified:
1. Scheduled retransmission via UL grant
2. Autonomous retransmission triggered by NACK in CG-DFI
3. Autonomous retransmission if DFI is not received before a timer expires
One open issue related to HARQ procedure captured in TR38.899 is “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 specifications are developed.” In configured grant transmission, it may happen that the CG PUSCH associated with a HARQ ID is not detected by the gNB due to collision. If the gNB schedules the UE for a new transmission with UL grant scrambled by C-RNTI using the same HARQ ID, the UE would misunderstand that the gNB has correctly received the CG PUSCH and then flush the HARQ buffer. Such issue was discussed during feLAA study. In feLAA, the comparison of NDI in AUL-UCI and that included in UL grant is used to identify aforementioned issue. When the UE has a new AUL transmission, it reports a toggled NDI in AUL-UCI. If the eNB does not detect the AUL transmission and schedule a UL transmission with the same HARQ ID, it includes the same toggled NDI (non-toggled compared to that in AUL-UCI) in UL grant. Then, the UE will interpret that such UL grant is for a retransmission of previous AUL transmission with the same HARQ ID, as the received NDI is the same as that included in previous AUL-UCI. Such mechanism solves the issue of misunderstanding of DTX as ACK.
Observation 1: Comparison of NDI in AUL-UCI and that included in UL grant can be used to identify the conflict of configured grant transmission and scheduled grant transmission using the same HARQ process ID.
HARQ related signaling
In feLAA, a HARQ codebook in AUL-DFI is adopted for indicating TB-level A/N for all HARQ processes. Due to unreliable LBT, making a codebook design based on the deterministic timing relation between the CG-PUSCH and HARQ feedback becomes challenging. We see that the feLAA-like codebook design principle should also be used in NR-U. Furthermore, the HARQ feedback for HARQ processes associated with scheduled UL transmission could be used for contention window size adjustment at the UE. It is hence beneficial to support a HARQ codebook containing HARQ feedback for all HARQ processes in CG-DFI. 
Proposal 1: Support a HARQ codebook containing HARQ feedback for all HARQ processes in CG-DFI.
It was identified that CBG based retransmissions for configured grant-based transmissions is beneficial. 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 level HARQ feedback information. However, including CBG-level A/N for all HARQ processes may make the DCI size very large in some cases, making it difficult to include all feedback in one DCI. We expect the CG-DFI size to match one of existing UL grant DCI sizes to avoid blind decoding complexity increase at the UE. In current NR DCI format 0_0 and format 0_1, there are not sufficiently large payload to accommodate CBG-level HARQ feedback for all HARQ processes, and therefore means for reducing feedback overhead should be studied.
Proposal 2: Study overhead reduction mechanism for CG-DFI if CBG level HARQ feedback is required.
To reduce the DFI overhead, one potential way is to separate TB-level and CBG-level HARQ feedback into two CG-DFIs. As all CBs are decoded correctly in most common cases (link adaptation controls BLER to be less than 10%), only TB-level HARQ feedback is required. The gNB can on-demand transmit another DFI when CBG-level HARQ feedback is required. Such design can avoid a hybrid HARQ codebook design with very large payload size, which increases the utilization efficiency of DL control information - PDCCH capacity shortage is always an issue.
Proposal 3: Separate TB-level HARQ feedback and CBG-level HARQ feedback into different CG-DFIs.
3		UCI design
UCI content
It has been agreed to at least include following parameters in UCI: HARQ ID, NDI, RV, COT sharing information. In RAN1 #96 [2], there is an agreement for details on COT sharing information.
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
The remaining COT duration could be one of the contents in CG-UCI. However, the other parameter related to COT sharing depends on further details in COT sharing mechanism. It is still unclear at the moment which DL signaling can be transmitted within the COT initiated by the UE. Therefore, we see that the applicability of COT sharing to different DL signals and channels should be clarified first before deciding on the details of how the COT duration is indicated to the gNB. We provide our views on the related aspects in Section 9.
Observation 2: The details of COT indication can be only after the applicability of COT sharing to different DL signals and channels has been clarified.
In feLAA, UE-ID and CRC are another two parameters in UCI to ensure a more reliable detection. In legacy LTE and NR, the UE-ID is scrambled with UCI, if it is transmitted on PUSCH. So, the gNB may need to perform a large number of hypothesis detection to decode the UCI, if the UCI is scrambled with UE-ID. To reduce the decoding overhead, the UCI is scrambled with a cell-specific value in feLAA. Furthermore, an explicit UE-ID is introduced in UCI to alleviate the reliability impact from removing UE-specific scrambling. Based on the same assumption, we could also consider introducing UE-ID in CG-UCI.
In addition, as the payload size of CG-UCI is relative large, it is beneficial to have a CRC to improve the reliability of CG-UCI.
Proposal 4: At least CRC should be also included in CG-UCI. FFS: UE-ID.

4	Support for URLLC in NR-U
In NR, transmission with configured grants (grant-free transmission) is specified to meet the stringent latency requirement of URLLC. By reducing the latency given by the scheduling request and UL grant to PUSCH transmission, UL transmission with configured grants can satisfy the latency requirement of URLLC traffic. Furthermore, for the purpose of improving the transmission reliability with relaxed latency bounds, transmission repetition is supported for UL transmission with configured grants in Rel-15 NR.
From our view point, the major expected use case for UL configured grant transmission for NR-U would be eMBB. As concluded in LTE Rel-15 WI “Enhancements to LTE operation in unlicensed spectrum”, the benefits of supporting autonomous uplink access in unlicensed spectrum include:
1. UL latency can be lowered due to reduced scheduling control signalling compared to a fully scheduled UL transmission;
2. UL throughput performance can be significantly better than scheduled UL at least for low cell loads, where only a few nodes contend for the channel.
Hence, the design of UL transmissions with configured grants for NR-U should primarily aim at making the UL transmission more efficient.
Observation 2: The most important use case for UL transmission with configured grant in NR-U is eMBB.
In addition, the support of URLLC could also be considered in NR unlicensed band operation, especially with stand-alone (SA) deployments. However, the URLLC enhancement SI is taking place on parallel as well with the aim to enhance some of the detailed features of URLLC (e.g., intra-UE eMBB and URLLC multiplexing, configured UL grant enhancements for URLLC, L1 enhancements including scheduling/HARQ/CSI etc.). The discussion on URLLC in NR-U could be postponed until more concrete mechanism are concluded for licensed band NR in the URLLC enhancements SI.
Proposal 5: Postpone the addition of URLLC specific features to NR-U until more concrete mechanism are concluded for licensed band NR in the Rel-16 URLLC SI. 
5	Time domain resource allocation 
Time domain resource allocation
Increased flexibility on time domain resource allocation for the configured grant transmissions in NR-U is required due to uncertain channel access outcome. In RAN1#97, the following was agreed:
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.
The remaining FFS point requires still some attention. Assuming full-slot allocations, it is rather easy to just extend the existing Rel-15 RRC configuration so that multiple consecutive slots can be allocated periodically. On the other hand, allocation of partial slots for UEs, i.e. allocations of a few symbols that are non-overlapping in time, becomes more complicated. To facilitate LBT and to mitigate collisions between NR-UY CG users, one may need to allocate one or more empty symbols between CG resources, which complicates the design of the related signaling. The exact design of indication for multiple PUSCH in a slot is also related to the number of UE starting time offsets, discussed in Section 6. Moreover, the design of Multi-TTI UL grants is ongoing as well, and it would be preferable that the time domain resource allocation schemes for scheduled Multi-TTI grants and CG burst are similar, such that re-transmissions of CG bursts can be efficiently scgheduled with multi-TTI grants.Therefore we see that detailed design of sub-slot resource indication should be concluded only after there is a clear understanding on the multiple UE starting time offsets and the multi-TTI UL grant design.
Observation 3: Detailed design of sub-slot resource indication should be concluded only after there is a clear understanding on multiple UE starting time offsets and multi-TTI UL grant design

6	Multiple UE starting time offsets 
In RAN1 AH1901, it is agreed that “Support multiple UE starting time offsets with sub-symbol granularity with FeLAA AUL approach as the baseline, FFS: Enhancements specific to NR-U”. When defining details of transmission starting positions for NR-U configured grant, one aspect that needs to be considered is the support of multiple numerologies in NR. The symbol durations for 30 kHz SCS and 60 kHz SCS are roughly 36 us and 18 us, respectively. Given that different starting positions should be at least 9 us apart, having all starting positions within one symbol (#0) may not be enough. Whether additional starting positions within symbol #1 need to be supported with these two numerologies is FFS.
Proposal 6: Study whether to support additional starting positions within symbol #1 or following symbols for 30 kHz SCS and 60 kHz SCS PUSCH in NR-U configured grant.
7	CG transmissions within gNB-acquired COT
In Rel-15 FeLAA, the eNB allows AUL transmission within eNB acquired COT in subframes belonging to the UL subframes indicated with C-PDCCH only if the COT is acquired using the largest priority class value. Moreover, the eNB enables or disables the COT sharing to AUL via C-PDCCH signalling. Such mechanism provides the possibility of AUL and scheduled UL (ScUL) multiplexing when the configured AUL resources are overlapping with ScUL transmission in time. A similar operation can be also supported in NR-U for configured grant transmission. More details can be found in [R1-1908682].
Proposal 7: Configured grant UL transmission is allowed within the gNB acquired COT. GC-PDCCH can be used to enable/disable CG UL transmission within the gNB acquired COT.
8	LBT and UE-to gNB COT Sharing 
As discussed in [R1-1908682], another enhancement for COT sharing is that DL broadcast signaling and scheduled DL data for the UE that initiated the COT could be also transmitted within a COT acquired by a UE. Such operation can improve the efficiency of channel usage in NR-U, and also complies with regulatory requirements. We note that while in LTE LAA (Rel-15) this functionality is only supported for AUL, in principle UE-to-gNB COT sharing could be applicable to any UE initiated COTs, including scheduled UL transmissions.
Proposal 8: Transmission of DL broadcast signaling and scheduled DL data for the UE that initiated the COT are supported within a COT acquired by a UE. 
To facilitate COT sharing, the UE will need to provide to the gNB COT related information so that gNB’s transmissions are aligned with the assumptions UE used when acquiring the COT. Such information includes at least CAPC, (remaining) duration of the COT, and possibly also information related to the TX power assumed when acquiring the COT.  
Proposal 9: To facilitate COT sharing, the UE will need to provide to the gNB information about CAPC, COT structure/duration, and possibly also the TX power assumed when acquiring the COT.
9	Power Control for Configured Grants
One of the aspects related to CG-transmissions that needs to be clarified relates to power control. In Rel-15 LTE LAA, power control for AUL relies on TPC commands received in the AUL-DFI. Similar approach is in principle applicable for NR-U CG too, but a couple of aspects deserve further attention.
In the case of COT sharing, the transmit power the UE assumes when performing the LBT to start a COT limits also defines what is the TX power that gNB may use in the same COT. Therefore, for COT sharing to be feasible, the gNB needs to have knowledge of the TX power it is allowed to use. Moreover, from the regulatory point of view, a UE transmitting with less than full tx power can benefit from a lower energy detection threshold too. We see that it can be beneficial for the system operation to allow for UE to adjust (reduce) its own TX power e.g. based on pathloss in some scenarios as that allows higher probability of accessing the channel, while at the same time reducing interference towards other nodes operating in the vicinity. 
Proposal 10: A UE is allowed to adjust (reduce) the tx power for NR-U CG transmissions to some extent to allow for accessing the channel with higher ED threshold. 
Another aspect worth considering is transmit power definition for the CP extension when multiple starting points are used as a mechanism for collision avoidance between different CG transmission in a cell, according to conventional TPC operation, the transmit power is inversely proportional to the UEs distance from the gNB, i.e. UEs close to the gNB transmit with low power, while cell-edge UEs use large transmit power. While this principle makes sense in normal operation, for the purpose of CG PUSCH collision avoidance this causes some issues. As shown in Figure 2, a cell-center UE (UE1) transmitting its CP extension at low power may easily go unnoticed by UEs further away (UE2), who would just see a vacant channel and start their transmission in spit of a later starting point. Therefore, to ensure that collision avoidance based on multiple starting points and CP extension works properly, one should consider guaranteeing a sufficiently high-power level for the CP extension of every UE in a cell, such that all UEs contending for the channel can be aware of each other. Therefore, we see that the transmit power for the CP extension, and the following CG-PUSCH transmission should be determined separately, such that reliable detection of CP extension (via energy detection) in is guaranteed in the whole cell. 
Proposal 11: Transmit power for the CP extension used for collision avoidance, and the following CG-PUSCH data are considered separately.     
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Figure 2. Due to the low TX power of UE1, UE2 misses its presence and starts transmitting on the same CG-PUSCH resources in spite of different starting points for transmissions. 
10	CBG based transmission in configured grant 
NR has introduced CBG based transmission for PDSCH and PUSCH, in which for the case of CBG-based PDSCH the UE provides individual ACK/NACK for each CBG and gNB retransmits the failed CBGs instead of the entire TB. For CBG-based scheduled PUSCH in Rel-15, the gNB indicates in its UL grant the CBGs to be retransmitted directly. Such mechanism is very useful in the case of eMBB data being preempted by URLLC data.
In NR-U, one additional implementation of CBG operation for configured grant is to overcome bursty interference. With CBG based operation, the retransmission efficiency can be increased. Another potential use case for CBG based retransmissions is to support multiple transmission starting positions by puncturing. The UE shall start configured grant UL transmission directly after LBT, i.e. some symbols or partial symbol shall be discarded according to when the UE finishes the LBT. In case the gNB received the rest of the CBGs correctly, the UE would only need to retransmit CBG(s) belonging to the not-transmitted symbols instead of the full TB. In order to support CBG based transmission, the design of control information (e.g., DFI and UCI) for configured grant should be further considered.
It has been agreed in RAN1 96 that “For PUSCH transmitted using CG, CBG-based retransmission is supported at least by using dedicated scheduled resource allocated by an UL grant.” [2]. The open issue is whether to support CBG based retransmission in configured grant resource – i.e., autonomous CBG retransmission by using configured grant. 
We see the following benefits of supporting CBG based retransmission via configured grant:
1. It brings additional flexibility to the system. NACKed CBGs could be retransmitted via configured grant, when the UE receives NACK in DFI but does not receive an UL grant. Using configured grant resource can offload the high-load usage of scheduled resource.
2. In unlicensed spectrum, one motivation to support configured grant transmission is higher channel access probability when competing with a non-scheduling based system (e.g., WiFi). Such benefit still holds for CBG based retransmission via configured grant.
Therefore, it is beneficial to support CBG based retransmission in configured grant resource.
Proposal 12: Support CBG based retransmissions in configured grant resources.
The support of CBG based retransmission via configured grant requires CBG-level Ack/Nack in CG-DFI, which brings additional complexity in DFI design. Therefore, an overhead reduction mechanism for CBG-level feedback is desired. As discussed in Section 6, an on-demand CBG-level feedback transmitted separately in another DFI (which is different from the DFI containing TB-level feedback) could be considered as one option to reduce the DFI overhead
11.    Conclusions
In this contribution, we have discussed remaining issues of UL transmission with configured grants for NR unlicensed. Based on the discussion, we make the following observations and proposals:
DFI design
Observation 1: Comparison of NDI in AUL-UCI and that included in UL grant can be used to identify the conflict of configured grant transmission and scheduled grant transmission using the same HARQ process ID.
Proposal 1: Support a HARQ codebook containing HARQ feedback for all HARQ processes in CG-DFI.
Proposal 2: Study overhead reduction mechanism for CG-DFI if CBG level HARQ feedback is required.
Proposal 3: Separate TB-level HARQ feedback and CBG-level HARQ feedback into different CG-DFIs.
UCI design
Observation 2: The details of COT indication can be only after the applicability of COT sharing to different DL signals and channels has been clarified.
Proposal 4: At least CRC should be also included in CG-UCI. FFS: UE-ID.
Support for URLLC in NR-U
Observation 2: The most important use case for UL transmission with configured grant in NR-U is eMBB.
Proposal 5: Postpone the addition of URLLC specific features to NR-U until more concrete mechanism are concluded for licensed band NR in the Rel-16 URLLC SI. 
Time domain resource allocation
[bookmark: _GoBack]Observation 3: Detailed design of sub-slot resource indication should be concluded only after there is a clear understanding on multiple UE starting time offsets and multi-TTI UL grant design
Multiple UE starting time offsets
Proposal 6: Study whether to support additional starting positions within symbol #1 or following symbols for 30 kHz SCS and 60 kHz SCS PUSCH in NR-U configured grant.
Configured grant transmissions within gNB-acquired COT
Proposal 7: Configured grant UL transmission is allowed within the gNB acquired COT. GC-PDCCH can be used to enable/disable CG UL transmission within the gNB acquired COT.
LBT and UE-to gNB COT Sharing
Proposal 8: Transmission of DL broadcast signaling and scheduled DL data for the UE that initiated the COT are supported within a COT acquired by a UE. 
Proposal 9: To facilitate COT sharing, the UE will need to provide to the gNB information about CAPC, COT structure/duration, and possibly also the TX power assumed when acquiring the COT.
Power Control for Configured Grants
Proposal 10: A UE is allowed to adjust (reduce) the tx power for NR-U CG transmissions to some extent to allow for accessing the channel with higher ED threshold. 
Proposal 11: Transmit power for the CP extension used for collision avoidance, and the following CG-PUSCH data are considered separately.     
CBG based transmission in configured grant
Proposal 12: Support CBG based retransmissions in configured grant resources.
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APPENDIX
RAN1 AH1901:
Agreement:
For configured grant resource configuration in time domain, the following alternatives are to be studied with more detailed proposal and analysis, strive to down-select in RAN1#96:
· Alt. 1: Bitmap based approach as baseline with potential enhancement
· Companies are encouraged to provide detailed design in next meeting
· Alt. 2: NR Rel-15 based time domain resource allocation approach as baseline with potential enhancement
· Companies are encouraged to provide detailed design in next meeting
Agreement:
· Support multiple UE starting time offsets with sub-symbol granularity with FeLAA AUL approach as the baseline
· FFS: Enhancements specific to NRU
· Companies are encouraged to provide views and analysis on the following issues:
· Whether to support allowing the UE to start transmission later than the starting symbol as indicated in configured grant based on LBT outcome
· If yes, multiple starting positions within a slot for a configured grant configuration;
· Alt. 1: subset of symbols
· Alt. 2: any symbol
· FFS: gNB knowledge of starting symbol, whether UE indicates to gNB
· FFS signaling details
· FFS: whether similar design for scheduled grant and configured grant
· Whether the ending symbol can be punctured
· Whether the position of the ending symbol can be shifted depending on the starting position due to LBT procedures
Conclusion:
The following aspects should be discussed further as part of the channel access discussions 
· Contention window adjustment
· Details of COT sharing related to NRU configured grant including details and limitations on UE-initiated COT sharing with gNB and configured grant UL transmissions within gNB acquired COT 
Agreement:
CG-UCI should at least include the following information:
· HARQ ID
· NDI
· RV
· COT sharing information, FFS details
· FFS: other information including UE ID

RAN1 #96:
Agreement:
For PUSCH transmitted using CG, CBG-based retransmission is supported at least by using dedicated scheduled resource allocated by an UL grant.
· FFS: CBG-based retransmission using a configured grant
· Note: Include this agreement in an LS to RAN2 informing them of relevant RAN1 agreements
Agreement:
For initial transmission on configured grant resource, HARQ retransmission on configured grant resource upon configured grant timer expiration (assume NACK if no ACK is received) is supported
· Note: Include this agreement in an LS to RAN2 informing them of relevant RAN1 agreements
Agreement:
When a UE initiates a channel occupancy with a transmission using a configured grant, it can signal at least the following
· The duration that the gNB is allowed to transmit in the channel occupancy initiated by the UE
· FFS: 
· How the duration is signalled
· Whether the UE should signal continued use of the COT for its own transmissions
· LBT priority class
RAN1#96bis:
Agreement:
Select from the following additional options for type 1 and type 2 configured grant time domain resource allocation mechanism in NR by RAN1#97
· Option 1: A bitmap to selectively enable or disable configured UL transmission opportunities as per NR Rel-15 configurations.
· FFS: A bit in the bitmap can correspond to a slot or sub-slot or group of slots
· FFS: duration of bitmap in time, e.g. 40ms
· Option 2: A mechanism based on multiple NR Rel-15 configurations
· FFS: Whether any further enhancement is needed to Rel-16 beyond what is being considered in the URLLC WI
· Option 3: Configuration in addition to the Rel-15 baseline of one or more of the following aspects:
· Multiple offsets within an active configuration
· Duration of transmission for an offset
· Option 4: A bitmap to configure UL transmission opportunies to replace current time domain resource configuration
· FFS: A bit in the bitmap can correspond to a slot or sub-slot or group of slots
· FFS: duration of bitmap in time, e.g. 40ms
Note: This is importing LAA AUL functionality into NR

RAN1#97: 
Agreement:
For configured grant time domain resource allocation, the mechanisms in Rel-15 (both Type 1 and Type 2) are extended so that the number of allocated slots following the time instance corresponding to the indicated offset can be configured 
· FFS: How to indicate multiple PUSCHs within a slot.
 
Agreement:
UE can only start transmissions accessing transmission opportunities provided by a configured grant at the configured/indicated starting position.
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