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1 Introduction 
In 3GPP TSG RAN Meeting #82, a new WID on NR-based access to Unlicensed Spectrum (RP-182878) [1] was approved. As part of the objectives of the work item, the following physical layer aspects related to the design of configured grant operation were suggested to be specified as per the outcome of the study item (TR38.889) [2]:
	Physical layer procedure(s) including [RAN1, RAN2]:
- 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 context, the following agreements related to configured grant operation were made during the previous RAN1 meetings [3-4]:
	
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

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




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
During the RAN1 #AH 1901 meeting [3] it was agreed to strive to down-select the time-domain allocation approach between bitmap indication and NR rel-15 approach for configured grants in the unlicensed operation. 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 will change accordingly. Furthermore, the slot and subframe format is different in NR-U from FeLAA, such that now the slot always equals to 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 fixed between all of the numerologies while guaranteeing very flexible selection of the resources to be allocated for configured grant operation, the time-domain bitmap can be used to indicate time-domain allocation on a slot basis. Since the bitmap time duration changes depending on the SCS, i.e. 40ms/20ms/10ms for SCS 15 kHz/30 kHz/60 kHz, then the bitmap slot indication simply repeats itself during the time configuration periodicity in multiples of 40 slots. 
In the Rel-15 NR design the time-domain resource configuration for the CG transmissions is periodic, where the periodicity P can assume values that goes from a few symbols up to many slots of length. However, it is important to notice that for the unlicensed operation, while resources are allocated for CG, the actual utilization of these resources is conditional upon the success of the LBT operation. Therefore, the concept of periodic time-domain configuration introduced for the licensed operation loses its meaning in the context of unlicensed operation. However, if enough resources are allocated for CG operation within a bitmap, it is still possible to enable CG transmissions in a pseudo-periodic manner. That said, the bitmap length and the value of P are decoupled, and do not need to be necessarily related to each other. For this reason, time-domain resource allocation for CG transmissions can be done by bitmap with repetitions rather than applying periodicity and offset (Rel-15 NR approach). 
It is also important to recall in this context, that this procedure has no effect on the DRS, since during the SI [2] it was agreed that the 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.
Proposal 1: A 40-bit bitmap is used for the resource allocation for configured grant, where the bitmap indication is at the slot level and repeated every 40 slots.

2.2 Starting Symbol Occasions within Slot
For configured grant (CG) operation, it is preferred to have the DMRS and UCI mapped in deterministic symbols so as to avoid any complicated blind detection or any potential channel estimation performance degradation at the gNB. With PUSCH type A, the DMRS is always mapped deterministically to the slot. For PUSCH type B, the DMRS is located at the beginning of the PUSCH transmission, which can vary depending on each UE’s configured SLIV. For PUSCH type B, in the first slot of the COT which is acquired by a UE, the first available symbol could be used for DMRS mapping and the remaining symbols can be used for UL-SCH. However, the following contiguous slots of the COT will use symbol #0 for the DMRS transmission. Therefore, the gNB will have to blindly decode the DMRS position for the reception of configured grant PUSCH, which can be located in multiple positions depending on the starting offset and configured SLIV, and the slot positions within the UE acquired COT. Furthermore, the gNB will have to check symbol #0 for the case that it has missed the first slot of the configured grant UL burst. This can also cause degradation in UCI decoding performance at the gNB. Lastly, for the CG operation in NR-U, it is desirable to transmit PUSCHs in multiple contiguous slots in order to fully utilize the uplink COT. Then the PUSCHs, which are not in the first slots of the COT, have to be transmitted from the first symbol of each COT in order to avoid any gaps which may lead to lose the COT. So PUSCH type A could be the natural choice for configured grant.
Proposal 2: PUSCH Type A is the baseline for CG burst.
One other remaining issue is whether to allow multiple starting symbols for CG transmissions based on LBT outcome, such that the first PUSCH in an UL burst can begin in either a subset of symbols, or any symbol in the slot. In order to allow the functionality of multiple starting symbols within the slot, there are two possible consequences based on the PUSCH type. 
For PUSCH type A, the first PUSCH is mapped from the beginning of the slot at OS#0 and DMRS is configured on either the OS#2 or OS#3. Regardless of whether multiple starting symbols are supported or not, the DMRS always has to be transmitted in the same position, and it should not be punctured and cannot be freely changed to the other positions by the UE. A gNB has to detect the CG transmissions and the detection can be done by detecting the DMRS. Therefore, if DMRS position changes based on LBT, the gNB needs to perform detection using multiple hypothesis tests, which can increase greatly the detection complexity, as well as introduce significant specification impact in terms of DMRS position in a slot. 
As for PUSCH type B, if the UE is configured with multiple starting symbols, and the UE is allowed to transmit the DMRS in the first symbol after successfully performing LBT, this will again introduce significant specification impact, as the DMRS mapping is currently done based on the SLIV configured starting symbol and cannot be mapped freely by the UE based on LBT outcome. Furthermore, the gNB channel estimation complexity will increase, while performance will degrade as the number of starting symbols increases. Lastly, the UE will have to perform either significant puncturing of the data, which will further impact the probability of successful decoding. 
Proposal 3: DMRS position should not be impacted by the introduction of multiple starting symbols
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 exact start symbol of the first slot in the uplink transmission burst, and symbol 0 for following slots, and to indicated the exact 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.
Proposal 4: 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.

2.3 Starting Offsets with Sub-symbol Granularity
In NR-U, both grant based PUSCH and configured grant based PUSCH are supported. It is straightforwardly thought that grant based PUSCH needs to be prioritized over configured grant PUSCH, where the prioritization could be given by mulitple ways. 
Since the UE, which successfully performs LBT, will acquire the channel and transmit on it, different UEs can be prioritized by the utilization of different starting positions with respect to the slot boundary. Namely, the UE with an earlier starting position can be prioritized over the UE with delayed starting position. 
In LTE eLAA, a grant based PUSCH can start from one of four possible start position as indicated by DCI, i.e. start of OFDM symbol (OS) #0, 25us after OS #0, 25us + TA after OS #0 and start of OS #1. Meanwhile, for FeLAA AUL, the set of start position is {16us, 25us, 34us, 43us, 52us, 61us, OS#1} outside of a gNB-initiated COT, and {16us, 25us} are not allowed from previous set of values inside a gNB-initiated COT. For full BW allocation, UE can randomly select a value from the set for the transmission of AUL; but for partial BW allocation, the UE will be assigned a starting offset value from the aforementioned sets above. Thus, this approach can give higher priority to grant based PUSCH over AUL PUSCH, if gNB schedules grant based PUSCH with start position at OS #0 or 25us. Likewise, similar principles can be also applied to NR-U.
In NR-U, due to the multiple numerologies, the starting offsets used may span multiple OS. This may require the need for multiple starting symbol occasions beyond what was used in FeLAA, where the starting offsets only span the length of OS #0. However, if the offsets span across too many OSs, such that the starting symbols allowed go beyond OS #2 for example, then an increased signaling overhead will be required to indicate the starting symbol. Also, the channel estimation performance will suffer, as the DMRS will either be punctured or repositioned in the case of PUSCH type A, or need to be blindly decoded among the different starting symbols in the case of PUSCH type B. Furthermore, due to the shorter symbol and slot durations for higher SCS, spectral efficiency suffers when the offsets are extended too far past the beginning of the slot. An example of this concept is illustrated in Figure 2.
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Proposal 5: In order to mitigate collisions and blocking among devices, the FeLAA approach is reused in NR-U, with the exception that for 30 and 60 KHz SCS the FeLAA offsets are truncated up to the 2nd symbol.
A gNB can also directly impact prioritization within its initiated COT. A configured grant PUSCH may be forbidden from transmission inside UL burst in a shared gNB-acquired COT by a certain indication. In FeLAA, there is one bit in C-PDCCH which indicates whether CG transmissions are permitted within the gNB-initated COT. We can also reuse the similar behavour in NR-U.
In addition, prioritization can be also considered between configured grant PUSCH and grant based PUSCH from a single UE. For example, the UE plans to transmit a configured grant PUSCH in a slot indicated as ‘1’ by the high layer bitmap for configured grant resource. In this case, if the UE received a DCI scheduling 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 6: 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 a single UE point of view, if GB PUSCH is scheduled in a slot, CG PUSCH is withdrawn in the same slot. 

2.4 CG-UCI Format 
The CG-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. In order to make a CG reception more reliable, the CG-UCI should be carried in every slot of a CG burst: carrying the CG-UCI on some specific slot of a CG burst might limit performance of this type of UL transmission, since the reception of the whole burst will be conditional to the successful reception of the CG-UCI transmitted on specific slots. 
Proposal 7: In a CG UL transmission, the CG-UCI is transmitted in every slot.
During the previous RAN1 #AH 1901 meeting, it was agreed that the CG-UCI includes at least the HARQ process ID, NDI, RV, and COT sharing information. During the same meeting, it was left for future study on whether the UE-ID should be provided explicitly in the CG-UCI or not. In this matter, providing explicitly the UE-ID within the CG-UCI ensures a more reliable detection of this critical information, which is necessary to decode the UL-SCH. In fact, if the UE-ID would not be carried in the CG-UCI, another alternative is to scramble this information with the CRC of the CG-UCI. In this last option, due to the fact that the gNB would need to perform a large number of hypothesis testing, the reliability of this information would be impacted by false detection. That said, it is preferable to explicitly carry the UE-ID directly within the CG-UCI, and scramble the CRC of the CG-UCI with a cell-specific value.
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 #0-13, and the length of the PUSCH can be anywhere from 1-14 OFDM symbols. However, having multiple starting symbols and lengths for CG transmissions pose several issues: i) increases the blind detections and hypothesis testing needed at the gNB; ii) increases the complexity at the UE, since the UE needs to prepare in advance for multiple PUSCH transmissions based on the starting points and lengths, and it needs to quickly react to the LBT outcome; iii) by having multiple starting symbols the blocking among devices might be augment, when the UEs operate in partial bandwidth; iv) larger overhead if CG-UCI is transmitted in all slot of a CG PUSCH burst. Since as described in Sec. 2.2, in order to mitigate interference and blocking among devices, multiple intra-symbol offset may be introduced, which span up to the second OFDM symbol for SCS of 30 and 60 KHz, the transmission may potentially start at symbol #0 (for later slot than the initial slot), symbol #1 or #2 (depending on the offset that is used and the SCS of the PUSCH transmission). In order to facilitate the gNB decoding, similarly as done for FeLAA, the starting symbol can be explicitly signalled within the CG-UCI through the use of two bits.
As for the ending positions, as for FeLAA, only the last one or two symbols, depending on the subcarrier spacing (one symbol is sufficient for CG transmissions operating with 15 or 30 KHz subcarrier spacing, and two symbols are instead needed when operating with 60 KHz subcarrier spacing), of the last slot of a CG burst should be left unused to leave 25us LBT gap. In this matter, to simply the gNB’s operation, the CG-UCI can contain one bit indication, which indicates whether the current slot is the last slot of a CG burst or not.
Proposal 8: Together with the HARQ-ID, NDI, RV, and COT sharing information, the CG-UCI contains also the UE-ID, and the indication of the PUSCH starting and ending slot.

2.5 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 defined and retransmission can be performed by UE once the timer expires. 

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 Rel-15 NR-U, configured grant involves repeated transmissions without the explicit ACK-ACK. If rep-K is configured as more than 1, after rep-K 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 the gNB. Therefore, it is preferred to adopt FeLAA-like behaviour for the retransmissions, which is based on explicit feedback. 
Proposal 9: Support following means for retransmission of CG PUSCH including a DCI scheduling same HARQ process, DFI in addition to agreed timer based retransmission. 
During previous RAN1 #96 meeting [4], the following agreement was reached:
	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



However, from the reading of this agreement, it is actually unclear on whether we should use the Rel-15 NR configuredGrantTimer for the purpose of freeing the HARQ ID processes used by any of the previous CG transmissions when no HARQ-ACK feedback is received. It is important to notice that the configuredGrantTimer for licensed operation has a different logical functionality than that envisioned for the unlicensed operation. In particular, 
· The configuredGrantTimer timer is not a retransmission timer, and it is used to prevent a CG transmission to be performed using a specific HARQ process ID when a grant-based transmission has been already started using that same HARQ process ID. 
· Once the configuredGrantTimer timer elapses, the UE assumes ACK, and not NACK as per the aforementioned agreement. 
· The configuredGrantTimer does not provide indication of whether a transmission failed, and a UE must rely on RLC to detect whether a transmission failure occurred.
· The purpose of introducing a timer for unlicensed operation is to prevent that a UE would perform a retransmission using a specific HARQ process ID too early, when this process is in reality used. For this purpose, the timing values configured for this case might be different that those used by the configuredGrantTimer timer.  
Based on the above motivations, it is more appropriate to introduce a new timer for unlicensed operation, rather than overloading the meaning of the Rel-15 NR configuredGrantTimer timer, which would have a different logical functionality and would imply a different UE behaviour based on whether the system operates on a licensed or unlicensed spectrum.
Proposal 10: For an initial transmission on configured grant resource, its retransmission is performed on configured grant resources upon expiration of a new configured grant timer.
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 on DFI that was used in the FeLAA design 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 11: DFI size should be determined to be similar to DCI size.

2.6 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, which can contain 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. 
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 a 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 12: 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 40-bit bitmap is used for the resource allocation for configured grant, where the bitmap indication is at the slot level and repeated every 40 slots.
Proposal 2: PUSCH Type A is the baseline for CG burst.
Proposal 3: DMRS position should not be impacted by the introduction of multiple starting symbols
Proposal 4: 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 5: In order to mitigate collisions and blocking among devices, the FeLAA approach is reused in NR-U, with the exception that for 30 and 60 KHz SCS the feLAA offsets are truncated up to the 2nd symbol.
Proposal 6: 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 7: In a CG UL transmission, the CG-UCI is transmitted in every slot.
Proposal 8: Together with the HARQ-ID, NDI, RV, and COT sharing information, the CG-UCI contains also the UE-ID, and the indication of the PUSCH starting and ending slot.
Proposal 9: Support following means for retransmission of CG PUSCH including a DCI scheduling same HARQ process, DFI in addition to agreed timer based retransmission. 
Proposal 10: For an initial transmission on configured grant resource, its retransmission is performed on configured grant resource upon expiration of a new configured grant timer.
Proposal 11: DFI size should be determined to be similar to DCI size.
Proposal 12: Flexible COT sharing is supported for the UE-acquired COT compared to FeLAA. 
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