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1 Introduction 
A new work item on “NR-Based Access to Unlicensed Spectrum” was approved in RAN plenary #82 [1]. During RAN1 #92bis [2], the following has been agreed:
	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



As it is captured in the above agreement, potential modifications to Rel. 15 NR configured grant mechanism to support unlicensed operation is to be studied in the scope of this SI. In this matter, in RAN1 #93 [3] the following agreements were made:
	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



And also some of the detailed discussions were made on configured grant operation during RAN1 #94 [4], where the following agreements were reached at:

	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

UE selects the HARQ process ID from an RRC configured set of HARQ IDs for NR-unlicensed configured grant transmission.

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.
· 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.

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 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.

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.  




Finally, from the detailed discussions were made on configured grant operation during RAN1 #95 [5], the following agreements were reached at:

	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.
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.
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.
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.
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.
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.




In the context of the agreements provided above, in this contribution we will discuss the enhancements for support of the configured grant operation for NR in the unlicensed spectrum.

2 		Grant-free UL Transmission via ‘configured grant’ Mechanism
2.1 Time-Domain Allocation
It was agreed in meeting #95 that the bitmap approach is a potential candidate for time-domain allocation for configured grants in NR-U from the configuration flexibility perspective. In FeLAA, a bitmap of length 40-bits is used to indicate the subframe allocation to the UE, such that the UE is allowed to perform uplink transmissions using the AUL operation. The difference between the FeLAA scenario and the NR-U scenario is that in FeLAA there is only one SCS that the system can employ, whereas in NR-U the system may employ multiple SCS, and their associated OFDM symbol durations. Furthermore, the slot and subframe format is different in NR-U from FeLAA, such that now the slot always equals 14 OFDM symbols, whereas the subframe duration is always 1ms in duration. 
For configured grants in NR-U, in order to maintain time-domain allocation that remains consistent between all of the numerologies, the time-domain bitmap can be used to indicate time-domain allocation on a subframe basis. Therefore, regardless of which numerology is employed by the system, the format of the time-domain allocation bitmap remains the same. In other words, there is no need to have a bitmap of dynamic length, which depends on the numerology. This is also helpful in the sense that the amount of time that the UE is allowed to access the channel and transmit does not change, regardless of the numerology. 
Proposal 1: A bitmap of 40-bit length, where the bitmap indication is at the subframe level, is used for configured grant resource allocation in NR-U. 

2.2 UCI Format
The UCI format used by the UEs for configured grants operation in NR-U needs to contain enough information such that the UE can inform the gNB of the UE behaviours when it acquires the COT and begins to transmit along the PUSCH. During the study item, it was already agreed that UCI will include UE-ID, HARQ process ID, NDI, RVID, COT sharing indication, and PUSCH duration. These fields are similar to the fields in the AUL-UCI for FeLAA. 
For PUSCH duration, Rel-15 NR provides sufficient flexibility. Depending on the PUSCH mapping type, the possible symbol starting point for a PUSCH can be anywhere from OS #0-12, and the length of the PUSCH can be anywhere from 1-14 OFDM symbols. Essentially, the PUSCH starting symbol and ending symbol indication in the UCI needs to be able to convey all of the possibilities for PUSCH duration. As done in AUL of FeLAA, the starting symbol can be only applicable in the first slot of the uplink burst and the ending symbol can be only applicable in the last slot of the uplink burst.
Proposal 2: 
· The PUSCH starting symbol indication and PUSCH ending symbol indication should be signaled with sufficient flexibility

The COT sharing indication must also be enhanced due to the multiple possible ending positions, as well as the different types of uplink transmissions that the gNB may perform if and when it the COT is shared by a UE. In FeLAA , the COT sharing indication is done by giving the UE an RRC configured COT sharing offset X = 2, 3, or 4, which the UE then selects during subframe n of an uplink burst to indicate COT sharing in subframe n+X. This is done in the UCI using a single bit in subframe n and the shared downlink parts can be only used for the transmission of control information, including DFI or uplink grant. However, in NR-U more flexible COT sharing indication may be used. This becomes especially important if the gNB has DCI and data to transmit to the UE during a UE-initiated COT. Hence, considering the potential for MCOT duration, LBT outcome by the UE, and time-domain allocation, it is better to allow the UE flexibility to signal more information on the shared COT. 
Observation 1: The UE COT sharing indication for configured grants in NR-U needs enhancement 

2.3 HARQ Format and Related Procedures
In FeLAA AUL, following schemes are supported for the retransmission of a transport block, 
· A scheduling grant is used to trigger retransmission for the HARQ process;
· DFI is introduced to indicate HARQ-ACK information;
· There is a timer, retransmission can be performed by UE once the timer expired. 

When one of the above cases happens, a UE can do retransmission for the TB by setting the same HARQ process number and not toggling the NDI in the AUL-UCI. However, in NR-U, configured grant involves repeated transmissions without the explicit ACK-ACK. If repK is configured as more than 1, after repK repetition of the TB is transmitted, if there is no response from gNB, the UE considers that the TB is correctly received. However, for NR-U, due to potential interference from other nodes, the probability for erroneous reception of configured grant is increased at gNB. Therefore, it is preferred to adopt FeLAA-like behaviour for the retransmissions, which is based on explicit feedback. 
In FeLAA AUL, DFI is introduced to indicate HARQ-ACK for the PUSCH. One HARQ-ACK bit is transmitted for each TB in the DFI. In summary 16 or 32 bits are transmitted in DFI for all HARQ processes for UL TM1 or TM2. And for a HARQ process not configured for AUL transmission, the HARQ-ACK bit is still needs to be transmitted for CWS adjustment purpose. 
We believe the same principle can be applicable for NR-U. However, a direct extension of the scheme may result in quite large overhead since NR-U configured grant based PUSCH could support CBG based transmission. Assuming 16 HARQ processes for CG, and each TB has 8 CBGs configured, 128 bits should be carried in DFI, which is too large compared to regular DCI size. Therefore, overhead reduction scheme is necessary in order to match the DFI size with existing DCI size.  One simple way is that only the HARQ-ACKs for a subset of HARQ processes are transmitted in a single DFI and the remaining HARQ-ACKs can be transmitted in different DFIs.

Proposal 3: support following means for retransmission of CG PSUCH including a DCI scheduling same HARQ process, DFI and a timer. 
Proposal 4: DFI size should be determined to be similar to DCI size.

2.4 Collision Avoidance
In NR-U, both grant based PUSCH and configured grant based PUSCH are supported. It is straightforwardly though that grant based PUSCH is prioritized over configured grant PUSCH, where the prioritization could be given by mulitple ways. 
Assuming that the node who accesses the channel can get the channel in unlicensed band, a starting position of a PUSCH can be used for providing the prioritization to different channel. Namely, the PUSCH with an earlier starting position can be prioritized over the PUSCH with delayed starting position. 
In LTE LAA, a grant based PUSCH can start from one of four possible start position as indicated by DCI, i.e. start of OS 0, 25us after OS 0, 25us + TA after OS 0 and start of OS 1. While for FeLAA AUL, the set of start position is [16us, 25us, 34us, 43us, 52us, 61us, 1 symbol]. For the outside of a COT and full BW allocation, UE can randomly select a value from the set for the transmission of AUL; for inside a COT and full BW allocation, UE can randomly select a value from the set excluding 16us and 25us, which can give higher priority to grant based PUSCH over AUL PUSCH. Likewise, similar principles can be also applied to NR-U.
COT sharing is another way fo provide different prioritization. A configured grant PUSCH may be forbiden from transmission inside UL burst in a shared gNB-acquired COT. In FeLAA, there is one bit in C-PDCCH controling whether the shared UL burst can be used by AUL or not. We can also reuse the similar behavour in NR-U. 
In addition, prioritization can be also considere iniside one UE. From a single UE point of view, the slot level collision between grant based PUSCH and C configured grant G PUSCH needs to be well managed. For example, UE tries to transmit configured grant PUSCH in a slot indicates as ‘1’ by the high layer bitmap for configured grant resource. In this case, if the UE received a DCI scheudling grant based PUSCH in the same slot, UE needs to withdraw the tnramission of configured grant PUSCH and follow the DCI for the transmission of grant based PUSCH.

Proposal 5: It is supported to prioritize GB PUSCH over CG PUSCH, following aspects can be considered
· Rely on starting position of a PUSCH;
· DCI to indicate whether CG PUSCH is allowed in shared UL burst inside a gNB COT; 
· From single UE point of view, if GB PUSCH is scheduled in a slot, CG PUSCH is withdrawn in the same slot. 

2.5 COT sharing procedures 
There are two general cases for COT sharing for configured grant UEs. One is UE-initiated COT sharing, where the configured grant UE acquires the COT after performing CAT-4 LBT and indicates shared DL resources to the gNB after a certain offset (known to both UE and gNB). The other case is the gNB-initiated COT, where the gNB acquires the COT after performing CAT-4 LBT, and then signals to UEs that PUSCH is to be transmitted in certain slots during the COT duration. 
It has been agreed that a configured grant UE that initiates a COT is allowed to share the COT with the gNB. In FeLAA, each AUL UE is configured with a COT sharing offset X via RRC signaling. During subframe n, the UE indicates in its AUL-UCI a COT sharing indication using one bit, and the eNB knows that at the end of subframe n+X-1, the final symbol in the subframe is blanked, allowing for the eNB to perform LBT and acquire the shared COT for a PDCCH transmission of at most 2 symbols at the beginning of subframe n+X, containing only HARQ feedback and/or uplink scheduling grants. In NR-U configured grant operation, due to the more flexible starting and ending symbols, multiple numerologies, and gNB downlink transmission enhancements, the COT sharing indication and operation should be enhanced. 
A configured grant UE is configured via higher layers with a SLIV parameter that indicates PUSCH start symbol position and PUSCH length in symbols within a slot. However, in the unlicensed operation, it is preferred that a UE could transmit PUSCH continuously in the continuous uplink slot, and not leave blank symbols in between. Therefore, it is better to modify SLIV to indicate the start symbol of the first slot in the uplink transmission burst, and the end symbol of the last slot of the uplink transmission burst, while all 14 symbols are used for the slots in the middle of the uplink transmission burst.
In order for the UE to share the COT, it needs to indicate the resource for shared DL burst in the UE-initiated COT using an time offset. Unlike the FeLAA, where only the first two symbols can be used for DL, NR-U may need to support more flexible offsets in order to support flexible DL transmissions. In addition, it is desirable that the duration of the shared DL burst can be flexible compared to FeLAA. 

Proposal 6: The SLIV time parameter is modified to indicate the start symbol of the first slot in the uplink transmission burst, and the end symbol of the last slot of the uplink transmission burst.
[bookmark: _GoBack]Proposal 7: Flexible COT sharing is supported for the UE-acquired COT compared to FeLAA. 

3 Conclusions
In this contribution, we discussed the potential modifications to Rel. 15 NR configured grant mechanism to support operating on unlicensed spectrum, and we derived the following proposals and observations:

Proposal 1: A bitmap of 40-bit length, where the bitmap indication is at the subframe level, is used for configured grant resource allocation in NR-U. 
Proposal 2: 
· The PUSCH starting symbol indication and PUSCH ending symbol indication should be signaled with sufficient flexibility

Observation 1: The UE COT sharing indication for configured grants in NR-U needs enhancement
Proposal 3: support following means for retransmission of CG PSUCH including a DCI scheduling same HARQ process, DFI and a timer. 
Proposal 4: DFI size should be determined to be similar to DCI size.
Proposal 5: It is supported to prioritize GB PUSCH over CG PUSCH, following aspects can be considered
· Rely on starting position of a PUSCH;
· DCI to indicate whether CG PUSCH is allowed in shared UL burst inside a gNB COT; 
· From single UE point of view, if GB PUSCH is scheduled in a slot, CG PUSCH is withdrawn in the same slot. 

Proposal 6: The SLIV time parameter is modified to indicate the start symbol of the first slot in the uplink transmission burst, and the end symbol of the last slot of the uplink transmission burst.
Proposal 7: Flexible COT sharing is supported for the UE-acquired COT compared to FeLAA. 
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