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Introduction
In RAN#88-e, the objective of enhancements for unlicensed band URLLC/IIoT was revised as follows [1]. In this document, we provide our view on the objective.

	2.  Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
a.  Specify support for UE-initiated COT for FBE with minimum specification effort
b.  Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum



Discussion
UE-initiated COT for FBE
If a UE is configured to initiate COT but the UE does not have data at this time, and if gNB has data, delay of gNB is increased because gNB should wait UE's initiated COT. According to the regulation on FBE, COT can only be initiated at the beginning of FFP in FBE [2]. If no one initiates COT at the beginning of a FFP, the whole FFP cannot be used. Therefore, even if there is no data at the beginning of FFP, COT should be initiated at the beginning of a FFP. In addition, even if UE-initiated COT is configured for a FFP, when gNB wants to initiate COT at the FFP, gNB should be prioritized over UE.
Considering the above points, to reuse the multiple starting time offset for configured grant (CG) would be useful for the prioritization among devices especially between gNB and UEs. Figure 1 shows an example to reuse multiple starting time offset for CG in FBE. FFP as OFDM symbol level is common among gNB and UEs. The location of CP extension can be immediately before the beginning of FFP (or immediately after the beginning of FFP). The amount of CP extension for each UE which can initiate COT is configured by CG configuration. Anyone (gNB or UEs) who transmits faster can initiate COT based on the amount of CP extension. Since LBT is necessary to initiate COT, collision can be avoided depending on the different amounts of CP extension for each UE.
According to the above mechanism, the prioritization among UEs can be configured by the amount of CP extension. If a high priority UE has data, the high priority UE can initiate COT. If a high priority UE has no data and a low priority UE has data, the low priority UE can initiate COT. gNB can also initiates COT if gNB transmit faster than UEs. Even if no UE initiates COT due to no data, if at least gNB initiates COT, the FFP can be utilized. Therefore, by reusing the multiple starting time offset for CG, UE-initiated COT can be supported.
Proposal 1: Multiple starting time offset for configured grant can be reused to support UE-initiated COT.
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[bookmark: _Ref47529439]Figure 1  Reusing multiple starting time offset for CG 

If the multiple starting time offset for CG is reused for UE-initiated COT, whether/how to support UE-initiated COT by DG-PUSCH needs to be considered. For the case where gNB knows that UE still has UL data at the end of the FFP and the UL data should be transmitted as soon as possible, UE-initiated COT by DG-PUSCH would be also useful to reduce delay across idle period. If UE-initiated COT by DG-PUSCH is supported together with CG-PUSCH, one potential issue would be that CP extension for multiple starting time offset as in CG-PUSCH is not supported for DG-PUSCH (CP extension for DG-PUSCH is used to adjust gap between transmissions for LBT). Then, even if eNB want to prioritize DG-PUSCH over CG-PUSCH (or gNB want to prioritize CG-PUSCH over DG-PUSCH), gNB might not control the prioritization of transmission because CP extension for DG-PUSCH does not have sufficient granularity (i.e., 9 us granularity). Therefore, we propose the following.
Proposal 2: If DG-PUSCH is used for UE-initiated COT together with CG-PUSCH, CP extension for multiple starting time offset as in CG-PUSCH is also supported for DG-PUSCH.

Harmonizing configured grant enhancements
According to the discussion in RAN#88-e, one motivation for harmonizing configured grant enhancement in NR-U and URLLC was to support the same CG operation as licensed band (e.g., CG-UCI/DFI less transmission). According to the discussion, the reason why CG-UCI/DFI should be disabled is to reduce unnecessary signalling overhead and retransmissions.
For the functions related to autonomous retransmission on CG (e.g., the CG retransmission timer, DFI, indication of NDI and RV on CG-UCI), when miss-detection probability at gNB is low (e.g., by configuring low MCS and dense DMRS) and/or the environment where LBT failure probability is low, these functions should be disabled.
For the function related to COT sharing (i.e., COT sharing information on CG-UCI), the merit is not related to miss-detection and LBT failure probability. COT sharing can be used to reduce LBT delay by using Cat.1 or Cat.2 LBT instead of Cat.4 LBT. If whole CG-UCI field is disabled (CG-UCI is not transmitted on CG-PUSCH), delay can be increased because of the lack of COT sharing information. Then, at least COT sharing information should be indicated by CG-UCI in some cases.
Proposal 3: If the same CG operation as licensed band is supported in unlicensed band, it would be useful that at least functions relate to autonomous retransmission on CG and COT sharing are separately enabled/disabled by the configuration. 

In Rel.16 URLLC, multiple active CG configurations are introduced. In order to increase transmission opportunities considering LBT failure, to configure multiple CG resources for multiple RB sets at the same time as in Figure 2 would be useful. However, in this case, UE needs to prepare multiple CG-PUSCHs for different CG resources in advance because UE processing time would not be sufficient after LBT result is turned out. 
According to 38.202 [3], the maximum number of simultaneous PUSCH transmission is p, where p means the number of carriers subject to UE capability. This definition is based on the assumption that at most one PUSCH is transmitted simultaneously per carrier. Then, if multiple CG-PUSCHs need to be prepared simultaneously for multiple RB sets, clarification would be needed (e.g., how many PUSCH preparations needs to be supported subject to UE capability).
From another point of view, even if multiple CG-PUSCHs need to be prepared, if the common CG configuration is used among CG resources (e.g., TBS, resource size in frequency/time domain, etc.), complexity for preparing CG-PUSCH might not be increased because prepared data can be reused to different CG resources. Then, in order to support to prepare multiple CG-PUSCHs simultaneously, to introduce some restrictions such as the common CG configuration can also be considered.
Proposal 4: For multiple active configured grant configurations, whether/how to support simultaneous preparations of multiple CG-PUSCHs in different RB sets needs to be discussed.
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[bookmark: _Ref47606778]Figure 2  Multiple CG resources in different RB sets

Conclusion
We propose the following.
Proposal 1: Multiple starting time offset for configured grant can be reused to support UE-initiated COT.
Proposal 2: If DG-PUSCH is used for UE-initiated COT together with CG-PUSCH, CP extension for multiple starting time offset as in CG-PUSCH is also supported for DG-PUSCH.
Proposal 3: If the same CG operation as licensed band is supported in unlicensed band, it would be useful that at least functions relate to autonomous retransmission on CG and COT sharing are separately enabled/disabled by the configuration. 
Proposal 4: For multiple active configured grant configurations, whether/how to support simultaneous preparations of multiple CG-PUSCHs in different RB sets needs to be discussed.
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