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1 Introduction

This contribution discusses the impact of UL LBT failures to multi-TTI grants, i.e. single DCI allocates PUSCH resources over multiple slots.  
2 Discussion
In addition to AUL transmissions, also multi-TTI grant scheduling is supported for NR-U. It allows gNB to allocate multiple PUSCH transmissions to a UE using a single DCI. It is considered as an essential feature for NR-U, as it reduces the number of LBT operations performed by UE to transmit UL data. UE performs LBT before the start of the first PUSCH allocation scheduled by a multi-TTI grant. Instead of being required to performing LBT for each PUSCH independently, UE can initiate the transmission of multiple TBs from the time instance where LBT succeeds until the last PUSCH allocation of the multi-TTI grant given that the length of the multi-TTI grant allocations is within the MCOT.
In RAN1#97, following agreements were reached for multi-TTI grant scheduling:

	Agreement:
For multiple PUSCHs scheduled by a single DCI

· The following fields in the DCI are signalled per PUSCH

· NDI

· RV (FFS: compression scheme for RV)

· FFS if CBG-based re-transmission is supported for multi-TTI scheduling, at least the following options are considered for signalling the CBGTI field in the DCI

· Option 1: per re-transmitted PUSCH 

· FFS: limitations on number of re-transmitted PUSCH for which CBGTI field is signalled

· Option 2: per PUSCH

· Option 3: only for a fixed number of PUSCHs

· HARQ process ID signalled in the DCI applies to the first scheduled PUSCH. HARQ process ID is then incremented by 1 for subsequent PUSCHs in the scheduled order (with modulo operation as needed)

· Time domain resource assignment mechanism is enhanced for indicating the number of scheduled mapping Type A and Type B PUSCHs, and their starting and ending symbols

· At least continuous time domain resource assignment is supported 

· FFS: whether multiple mapping Type B PUSCHs is allowed within the first slot

· FFS: whether multiple starting positions is allowed for UE-initiated COT (discussed as part of agenda 7.2.2.1.3) 

· FFS: configuration/signalling details

· CSI request field in the DCI applies to a single PUSCH

· FFS: relation between the timing of the triggered CSI-RS and the PUSCH carrying the CSI feedback, and how to determine which PUSCH carries the CSI feedback

· FFS: Whether existing DCI formats can be extended or new formats are necessary and associated details for supporting scheduling multiple PUSCHs

· FFS: Potential impact on MCS signalling for re-transmission

· Note: Indication of the LBT type and priority class should be possible with the DCI

· Note: SRS request field in the DCI applies to a single slot with the applicable slot signalled as in Rel-15

· Note: The number of DAI fields is not increased as compared to the single PUSCH scheduling DCI in Rel-16. Applicability of the DAI field is the same as multi-slot PUSCH scheduling in Rel-15.


According to the current specified LCP procedure for NR, UE multiplexes high priority data, i.e. data of the highest priority logical channel as well as MAC CEs, first in a TB respectively PUSCH allocation. For a multi-TTI grant case this means that the high priority data is placed in the first TB respectively is transmitted within the first PUSCH allocation. As also mentioned in [1] retaining such behavior for a multi-TTI grant scenario in NR-U is likely to result in a situation where UE is not able to transmit the high priority data/ MAC CE due to LBT failure, so that the corresponding TB would not be decodable without further (later) HARQ retransmission(s). Since, UE performs LBT to initiate the sequence of UL transmissions within the multi-TTI grant, the first UL grant is the most probable instance where UL transmission failure may occur due to an unsuccessful CCA.

Observation 1: Mapping high priority data / MAC CE(s) in the first PUSCH of a multi-slot PUSCH allocation may result in an increased delay for the transmission of the high priority data due to further necessary HARQ retransmissions.
In order to avoid the problem of an increased transmission delay for high priority data we consider the following two options as viable solutions:
· Option 1: The “multi-TTI” DCI explicitly indicates whether high priority data should be mapped to the first UL allocation/UL grant of the multiple UL allocations allocated within the multi-TTI grant (legacy LCP procedure) or whether UE shall only multiplex high priority data/ MAC CE(s) starting from the second UL grant/PUSCH. It should be noted that “high priority data” could be defined as data of LCH(s) having a priority higher than a configured threshold.  
· Option2: UE processes the UL grants within a “multi-TTI” DCI in the signaled order and generates the corresponding TB(s) according to the current standardized LCP procedure (NR Rel-15). In order to not delay the transmission of high priority data, UE is allowed to map generated TB(s) internally to different HARQ processes in case of LBT failure(s), i.e. UE may transmit a TB pending for transmission in a HARQ process due to a failed LBT in a different HARQ process being associated with a PUSCH for which LBT was successful. 
In the first option, gNB controls where high priority data is multiplexed, i.e. either in the first TB or second TB. The probability for a LBT failure in the second PUSCH allocations is greatly reduced compared to the probability of failing in the first PUSCH instance, i.e. highest relative change of the probability for LBT failure is between the first and second PUSCH of a “multi-TTI” UL allocation . Therefore we think it is sufficient to indicate whether UE shall multiplex the high priority data in the first or second PUSCH. Depending on the gNB the LCP procedure considers the high priority data for generation of a TB or not, i.e. LCH/MAC CE restriction is applied depending on gNB indication.
For the second option the UE behavior w.r.t. LCP/TB generation follows the NR Rel-15 specified behavior. Only when LBT fails for the first PUSCH occasion, the UE behavior differs from the legacy behavior. When LBT fails for the first PUSCH occasion, UE transmits the TB containing the high priority data which is pending in the HARQ buffer associated with the first PUSCH in a later PUSCH occasion for which LBT succeeded. Given the assumption that the TB size is the same for all or at least several UL grants, moving already generated TB(s) internally to a different HARQ processes should not impose any technical problems. The UE may store the TB which was originally intended for the PUSCH occasion on which the TB containing the high priority data was finally transmitted, in the HARQ process associated with the first UL grant.
Given that the second option can be done by UE implementation, we have some preference for the second option.  

Proposal 1: RAN2 to discuss which of above two options to select for avoiding a situation were high priority data is delayed due to LBT failure occurring in the first scheduled PUSCH of a multi-TT grant. 

3 Conclusion
This contribution discusses the impact of UL LBT failures to multi-TTI grants, i.e. single DCI allocates PUSCH resources over multiple slots. It is proposed to agree on the following:

Observation 1: Mapping high priority data / MAC CE(s) in the first PUSCH of a multi-slot PUSCH allocation may result in an increased delay for the transmission of the high priority data due to further necessary HARQ retransmissions.
Proposal 1: RAN2 to discuss which of above two options to select for avoiding a situation were high priority data is delayed due to LBT failure occurring in the first scheduled PUSCH of a multi-TT grant. 
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