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 Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK15][bookmark: OLE_LINK16]The SID on NR-based Access to Unlicensed Spectrum [1] aims to identify and evaluate solutions and techniques for next generation wireless systems operating on unlicensed bands. Besides, coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements should also be studied. 
In #92bis meeting, the following agreement about physical layer procedures for NR-U (NR-based access to Unlicensed Spectrum) has been reached. 
Agreement:
· Study possible enhancements for HARQ operation 
· Study changes needed for Configured Grant support in NR-U
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.
· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms
· Techniques to cope with directional antennas/transmissions
· Receiver assisted LBT : RTS/CTS type mechanism
· On-demand receiver assisted LBT: For example receiver assisted LBT enabled only when needed 
· Techniques to enhance spatial reuse 
· Preamble detection
· Enhancements to baseline LBT mechanisms above 7 GHz
· Note: LTE-LAA LBT mechanism are assumed as baseline for evaluations for 5GHz. 
· Note: Other aspects are not precluded from being included
And in #93 and #94 meeting, the following agreement about configured grant for NR-U has been reached. 
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
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.  
In this contribution, we discuss configured grant support aspects for NR-U. 
 Discussion on Configured Grant for NR-U
Autonomous uplink access (AUL) with frame structure type 3 has been specified in Rel-15 FeLAA WI. Meanwhile, configured grant Type1 and Type2 were also discussed in Rel-15 for NR UL data transmission. Compared with the grant-based access, both AUL and configured grant scheme have the following advantages: energy efficiency on UE side, very low cost/complexity with UE design, reduced signalling overhead and transmission latency. These advantages are also the goals that NR-U needs to achieve. And in the 92bis meeting, it has reached agreement to support configured grant scheme for NR-U UL transmission, and some enhancements or changes considering unique characteristic of unlicensed band should be studied.
Resource allocation 
For NR-U configured grant UL transmission, both time domain and frequency domain resource allocation should be considered.
Firstly, in time domain, gNB can configure a UE with a periodicity and repetition times by RRC as in licensed band. And repetition times can be considered as pre-configured transmission occasions within the periodicity. UE can transmit PUSCH after a successful LBT before any of the candidate transmission opportunities scheduled by the configured grant, and gNB can perform blind detection on uplink data according to the configuration. Therefore, the resource allocation modes adopted for NR licensed configured grant transmission should be the baseline for NR-U configured grant transmission.
Secondly, in order to increase UL transmission opportunities, multiple frequency domain opportunities can also be considered for NR-U. For example, multiple BWPs can be configured to UE. When UL data arrives, UE can attempt to perform LBT in multiple BWPs according to the resource configuration for configured grant. If any LBT on these BWPs succeeds, UE can transmit on either multiple BWPs or a selected one. More details may be further studied on multiple BWPs transmission opportunities.
Proposal 1: Multiple candidate time domain and/or frequency domain transmission opportunities can be configured for configured grant.
UCI, DFI and HARQ
For NR configured grant, as HARQ ID is implicit from selected time resource, therefore, only synchronous HARQ is supported for configured grant. However, if the UE fails LBT on the predetermined HARQ locations, it needs to wait till next HARQ instances for uplink transmission, which will cause large delay. Considering the uncertainty of medium access, asynchronous HARQ should be supported for NR-U configured grant, and the details can be further studied. In the #93 meeting, it has been reached the agreement to introduce UCI on PUSCH to carry HARQ process ID, NDI, RVID, therefore, asynchronous HARQ can be achieved.
For UCI, besides HARQ process ID, NDI, RVID, other information, such as COT sharing information can also be included. As the PUSCH starting position and duration can be configured in RRC or indicated by DCI, these information is not necessary to be carried in UCI. And as the gNB can identify the UE ID through the DMRS, UE ID is also no longer necessary to be included in UCI.
Besides, it has also reached the agreement to introduce Downlink Feedback Information (DFI) including HARQ feedback for configured grant transmission, and UE may perform non-adaptive retransmission for configured grant according to DFI including NACK feedback. Meanwhile, according to the NR licensed configured grant scheme, if UE does not receive CS-RNTI scrambled DCI to trigger UE to perform configured grant retransmission before the expiration of the timer, then the UE interpret it as ACK. However, both the DFI and the CS-RNTI scrambled DCI may be blocked by LBT, and if the DFI or the CS-RNTI scrambled DCI cannot be transmitted due to gNB LBT failure before the timer expires, then UE interpret it as ACK which might be not correct. Therefore, a method should be proposed to improve the DFI and the CS-RNTI scrambled DCI transmission opportunity. The scheme of the COT sharing may be used as a tool to solve this problem. After PUSCH is received, gNB can transmit DFI or the CS-RNTI scrambled DCI within the same COT. At UL-DL switching point, no LBT or one shot LBT will be performed for gNB, which can decrease the LBT impact on DFI and the CS-RNTI scrambled DCI transmission.
Proposal 2: a method for decreasing the LBT impact on DFI and the CS-RNTI scrambled DCI transmission should be further studied.
CBG based transmission
Rel-15 NR supports CBG based transmission and HARQ-ACK feedback. gNB or UE can retransmit the failed CBGs instead of the entire TB. This mechanism is extremely useful when some CBGs are suffered from bursty interference in unlicensed band. Therefore, CBG based transmission for NR-U should be supported and inherited. Besides, CBG based DFI or UCI can also be considered. UE can select the configured grant UL CBG and the transmitted CBGs information can be carried in the UCI. Or the DFI could provide CBG level feedback indication while UE can retransmit the failed CBGs based on the DFI indication. 
Proposal 3: CBG based configured grant UL transmission should be supported in NR-U.
UE initiated MCOT sharing
In FeLAA, UE supporting AUL can initiate an MCOT and eNB can share the MCOT to transmit DL control information to the UE. UL-DL-UL sharing is not supported constrained by frame structure 3. However, in NR, as flexible frame structure is allowed, the transmission scheme as illustrated in Figure1 below could be supported for NR-U to improve the MCOT utilization efficiency. In this figure, the red represents a gap for gNB or UE performing LBT, and if the gap is <16us, LBT may not needed according to the ETSI regulation.


[bookmark: _GoBack]Figure 1: Frame structure in a MCOT initiated by configured grant UE
Proposal 4: UE initiated MCOT sharing between configured grant UL and DL should be studied.
UE multiple access
For NR configured grant, as gNB may configure multiple UEs to share the same resource, UL transmission collisions might occur. If one UE successfully performs LBT earlier and transmits data on the configured BWP, then other UEs may not be able to access channel due to LBT failure on the same BWP. Therefore multiple channel access or UL multiple user multiplexing cannot be achieved. Some mechanism should be considered for resolving the contention among multiple UEs attempting to access the same PUSCH resource. For example, blank pattern method as discussed in [2] or same UL data transmission start point mechanism can be used to reduce UL collisions. Meanwhile, further studies should be performed on how to support multiple access for NR-U considering LBT influence.
Proposal 5: Further studies should be performed on how to support multiple access for NR-U considering LBT influence.
[bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0995][bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0993] Conclusion 
In this contribution, we discuss the configured grant aspects for NR operation in unlicensed spectrum, and have the following proposals:
Proposal 1: Multiple candidate time domain and/or frequency domain transmission opportunities can be configured for configured grant.
Proposal 2: A method for decrease the LBT impact on DFI and the CS-RNTI scrambled DCI transmission should be further studied.
Proposal 3: CBG based configured grant UL transmission should be supported in NR-U.
Proposal 4: UE initiated MCOT sharing between configure grant UL and DL should be studied.
Proposal 5: Further studies should be performed on how to support multiple access for NR-U considering LBT influence.
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