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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 in NR-U study item. 
In this contribution, we discuss the remaining issues for NR-U configured grants. The following agreements were made in RAN 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
2	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 1: 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 1: 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. 

3	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. Two potential candidates are identified: 
1. Bitmap based approach
[bookmark: _Hlk1043965]In FeLAA, a bitmap of length 40-bits is used to indicate the subframes autonomous UL (AUL) transmission are allowed. A similar approach (i.e. a bitmap of [X] bits) can be reused in NR-U to indicated time domain resource for UL transmission from configured grant. One difference between feLAA and NR-U system is the support of multiple numerologies. In order to maintain the consistence of time domain resource allocation among different numerologies, one way is using the bitmap to indicate the CG resource on the subframe basis not the slot basis. Therefore, regardless of which numerology is used by the system, the time domain resource allocation for configured grant UL transmission is on basis of 1 ms granularity. Slots within a subframe, sharing one bit in the bitmap, are indicated whether the configured grant operation being allowed. The first/leftmost bit could correspond to the subframe #0 of the radio frame satisfying SFN mod 4 = 0.
2. NR Rel-15 based time domain resource allocation approach
In NR, the time domain resource of configured grant transmission is configured via a periodicity with a timing offset. Pre-defined resource allocation cannot be guaranteed in unlicensed spectrum due to unpredictable LBT outcome. To improve the efficiency of configured grant transmission in NR-U, one potential enhancement is defining a periodic transmission window instead of only one periodic transmission occasion.
Compared with option 2, option 1 is more flexible for the gNB to assign or exclude certain slots for configured grant UL transmission, for example in order to prevent a configure grant UL transmission from blocking NR-U DRS transmission.
Proposal 2: Use a bitmap of [X] bits (via RRC signalling) to indicate which subframes (1 ms in duration, regardless of which numerology is used) are allowed for configured grant UL transmission. FFS: the value of X=40.

4	Flexible starting point
Sub-symbol level
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 3: 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.
Symbol level
Another topic being discussed in previous RAN1 meeting is “Whether to support allowing the UE to start transmission later than the starting symbol as indicated in configured grant based on LBT outcome”. In unlicensed spectrum, it could be beneficial to specify multiple starting positions for flexible and efficient channel access and hence increase the overall system performance. On the other hand, the support of excessive number of transmission starting positions increases implementation complexity and cost at both the UE side (for TB preparation) and the gNB side (for CG PUSCH detection). It is beneficial to find a relatively low-complexity design to support multiple transmission starting positions for NR-U configured grant.
Furthermore, we see that the decision of whether to support multiple starting positions within a slot needs to take channel access situation into account.
· Case 1: CG UL burst within gNB acquired COT
In NR-U study item phase, it was identified that allowing configured grant based transmissions within a gNB acquired COT should be supported. In this case the multiple PUSCH starting points are used to test whether an occupied channel becomes vacant within the time span of remaining COT assigned for UL transmission and then to occupy the channel as fast as possible. As the mechanism does not contain any random back-off, there is an increased risk of collisions and may degrade the fairness of channel access. Furthermore, the CG PUSCH may multiplex scheduled PUSCH from other UEs in this case. If scheduled PUSCH starts at the beginning of a slot, multiple attempts from CG PUSCH within this slot becomes meaningless.
· Case 2: CG UL burst outside gNB acquired COT
When a CG UL burst use Cat-4 LBT to initiate a its own COT, the aim of multiple PDSCH starting points is to occupy a vacant channel as fast as reasonable after completing channel contention procedure with random back-off. The mechanism aims for improved channel access probability while facilitating fair coexistence.
Proposal 4: Support multiple starting positions within the initial slot of a UL burst (for both scheduled and configured grant based PUSCH) at least in the case of UL burst being outside a COT acquired by the gNB.
As discussed in previous meetings and mentioned by many companies, two potential ways can be used to support multiple starting positions within a slot.
1. Alternative 1: symbol puncturing based approach
On potential way is using symbol puncturing to adjust the transmission duration in first UL slot according to LBT outcome as shown in Figure 1. Furthermore, CBG based retransmission can be used to transmit punctured CBGs in the initial transmission.
[image: ]
Figure 1: Symbol Puncturing to support flexible starting points
2. Alternative 2: mini-slot based approach
The UE can prepare multiple TBs with Type B PUSCH mapping for the initial slot of a UL burst. Based on LBT outcome, the UE shall determine how many TBs are transmitted in the initial slot. This option can efficiently re-use the Rel-15 mechanism of Type B PUSCH mapping.
In both cases, the gNB could determine the starting position of the received PUSCH based on the detection of front-loaded DMRS. However, it is beneficial to limit the number of supported starting positions to reduce the detection complexity at the gNB side.
Proposal 5: Study the following alternatives to support multiple transmission positions within a slot for configured grant UL transmission:
· Alternative 1: symbol puncturing based approach
· Alternative 2: mini-slot based approach
Proposal 6: Support limited number of starting positions within a slot for configured grant UL transmission, e.g., 2 per 30 kHz SCS and 60 kHz SCS slot.

5	Configured grant transmission 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.
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.

6	HARQ related signaling and procedures
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 2: 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 8: 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 9: 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 10: Separate TB-level HARQ feedback and CBG-level HARQ feedback into different CG-DFIs.

7	LBT and COT Sharing
In Rel-15 WI “Enhancements to LTE operation in unlicensed spectrum”, both Type 1 and Type 2 UL channel access are supported for AUL transmission.
1. AUL is allowed within the eNB acquired COT and Type 2 channel access (25 us one-shot LBT) should be performed before the AUL transmission starts.
2. The UE could also use Cat.4 LBT to acquire its own COT to perform AUL transmission. Furthermore, this COT is allowed to be shared with the eNB for sending DL control signaling, including AUL-DFI or UL grant, to the UE which acquired the COT within remaining COT. The duration of the DL transmission is limited to up to 2 symbols.
We see that similar channel access procedures can be introduced in NR-U for UL transmission with configured grants. Further enhancements to LBT procedure (e.g., CWS adjustment) could also be considered due to new features in NR, such as faster processing time.
Proposal 11: UL transmissions with configured grants should use channel access procedure defined in LTE WI “Enhancements to LTE operation in unlicensed spectrum” as a baseline. Further enhancements to LBT procedure (e.g., CWS adjustment) could also be considered due to new features in NR. 
Another enhancement for COT sharing is that DL broadcast signalling and scheduled DL data to the UE that initiated the COT could be also considered 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.
Proposal 12: DL broadcast signalling and scheduled DL data to the UE that initiated the COT could be also considered within a COT acquired by a UE. FFS: further details.

8	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.
Proposal 13: Support CBG based retransmissions in configured grant resources.

9	Multiple CG configurations
[bookmark: _GoBack]In the URLLC enhancements SI, multiple active configured grants for a BWP of a serving cell are studied. It is concluded that multiple active configured grant configurations for a given BWP of a serving cell should be supported at least for different services/traffic types and/or for enhancing reliability and reducing latency. In NR-U, another motivation to support multiple active configured grants for a BWP is to facilitate wideband operation for a BWP with multiple 20 MHz sub-bands. As each 20 MHz sub-band has its own channel conditions in a coexistence environment, it is beneficial to assign different configured grant resource allocations to different sub-bands. However, due to power leakage the LBT operation for wideband BWP is not in favor of resource allocation among sub-bands having different starting positions. More specifically, when transmission starts on one sub-band, LBT procedure on neighbour sub-bands may be blocked due to unwanted power leakage.
Proposal 14: Study whether to support multiple active configured grant configurations for a given BWP of a serving cell for different sub-bands.

10.    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:
Observation 1: The most important use case for UL transmission with configured grant in NR-U is eMBB.
Proposal 1: 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. 
Proposal 2: Use a bitmap of [X] bits (via RRC signalling) to indicate which subframes (1 ms in duration, regardless of which numerology is used) are allowed for configured grant UL transmission. FFS: the value of X=40.
Proposal 3: 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.
Proposal 4: Support multiple starting positions within the initial slot of a UL burst (for both scheduled and configured grant based PUSCH) at least in the case of UL burst being outside a COT acquired by the gNB.
Proposal 5: Study the following alternatives to support multiple transmission positions within a slot for configured grant UL transmission:
· Alternative 1: symbol puncturing based approach
· Alternative 2: mini-slot based approach
Proposal 6: Support limited number of starting positions within a slot for configured grant UL transmission, e.g., 2 per 30 kHz SCS and 60 kHz SCS slot.
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.
Observation 2: 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 8: Support a HARQ codebook containing HARQ feedback for all HARQ processes in CG-DFI.
Proposal 9: Study overhead reduction mechanism for CG-DFI if CBG level HARQ feedback is required.
Proposal 10: Separate TB-level HARQ feedback and CBG-level HARQ feedback into different CG-DFIs.
Proposal 11: UL transmissions with configured grants should use channel access procedure defined in LTE WI “Enhancements to LTE operation in unlicensed spectrum” as a baseline. Further enhancements to LBT procedure (e.g., CWS adjustment) could also be considered due to new features in NR. 
Proposal 12: DL broadcast signalling and scheduled DL data to the UE that initiated the COT could be also considered within a COT acquired by a UE. FFS: further details.
Proposal 13: Support CBG based retransmissions in configured grant resources.
Proposal 14: Study whether to support multiple active configured grant configurations for a given BWP of a serving cell for different sub-bands.
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