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Introduction
[bookmark: _Hlk534356555]NR-U WI was approved in RAN#82, with the objectives related to multi-TTI grant scheduling provided below for reference [1]: 
Scheduling multiple TTIs for PUSCH in-line with agreements from the study phase (TR 38.889, Section 7.2.1.3.3). (RAN1)
In RAN1#97, following agreements were reached for multi-TTI grant scheduling [2]:
	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.



In this paper, we discuss some of the MAC procedures which may be impacted due to the agreements reached by RAN1 for multi-TTI grant
Discussions
Multi-TTI grant allows gNB to provide multiple PUSCH grants 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 initiates LBT before start of the first PUSCH grant scheduled by a multi-TTI grant. UE can initiate transmission of multiple TBs from the time instance where LBT succeeds for the UE till the end of multi-TTI grant (as opposed to performing LBT for each PUSCH independently).
However, some of the agreements which were reached for multi-TTI grant in RAN1 may not work well with the current MAC procedures and may lead to performance deterioration. In this paper, we specifically discuss two such procedures: UL skipping procedure and LCP procedure to schedule high priority data.
High Priority Data Scheduling
LCP procedure has been defined in LTE and NR to allow UE to include highest priority data within the first UL grant which arrives in time. This is especially applicable for the case of URLLC based service, where data has strict latency requirements. The same is also applicable to MAC CE transmissions which should be transmitted at the earliest by the UE.
[bookmark: _Toc16261574]Observation 1: NR LCP procedure includes highest priority data within the first UL grant which arrives in time
However, fixed mapping of PUSCHs scheduled using a multi-TTI grant with the HARQ process number is likely to result in a case where UE is not able to transmit high priority data or MAC CE. LCP procedure is expected to include all the higher priority data within the HARQ process corresponding to the first UL grant which comes in sequence. Since, UE performs LBT to initiate sequence of UL transmission within the multi-TTI grant, the first UL grant is the most probable instance where UL transmission failure may occur due to failure to acquire channel in time. Also, since there is no flexible mapping between UL grant and HARQ process number, UE cannot transmit the TB corresponding to the failed UL transmission in one of the other grants scheduled using multi-TTI grant. Although, the gNB will schedule a retransmission request but the same can take some time and leads to delay in transmission of higher priority packets which may not be always acceptable for URLLC based data.
[bookmark: _Toc16261575]Observation 2: Higher probability of LBT failure within the first UL grant scheduled using a multi-TTI grant, results in delay in transmission of high priority data like URLLC
For such a situation, it is preferable that UE includes higher priority data in one of latter grants scheduled using multi-TTI grant which has higher transmission success probability. Given that defining the exact grant where high priority data can be included would be complex from standards point of view, it would be more appropriate to keep the placement of high priority data within multi-TTI grant as UE implementation. This can be similar to how LCP procedure is performed for the case when multiple grants are available to UE at the same time occasion (e.g. in CA).
[bookmark: _Toc16261578]Proposal 1: If UE receives a contiguous set of UL grants scheduled using a multi-grant, it is up to UE implementation in which order the UL grants are processed
Uplink Skipping Procedure 
Uplink skipping procedure has been defined in NR to allow UE to skip the uplink grants for which there is no MAC SDU included within the MAC PDU. Such a scenario can happen either:
1) When there is no data available to be transmitted for an HARQ process (e.g. retransmission for a CG HARQ process whose TB is ACKed or new TB transmission which cannot include any UE data based on LCP procedure), or 
2) When processing time is quite short for UE to prepare a MAC PDU with data (e.g. if time between PDCCH and associated PUSCH is very short). 

Note that for dynamic grant, UL skipping is only enabled if skipUplinkTxDynamic is configured for the MAC entity, while for configured grant, UL skipping is always enabled.
	The MAC entity shall not generate a MAC PDU for the HARQ entity if the following conditions are satisfied:
-	the MAC entity is configured with skipUplinkTxDynamic and the grant indicated to the HARQ entity was addressed to a C-RNTI, or the grant indicated to the HARQ entity is a configured uplink grant; and
-	there is no aperiodic CSI requested for this PUSCH transmission as specified in TS 38.212 [9]; and
-	the MAC PDU includes zero MAC SDUs; and
-	the MAC PDU includes only the periodic BSR and there is no data available for any LCG, or the MAC PDU includes only the padding BSR.



In NR, this procedure is mainly motivated by UE power consumption reduction. However, the procedure is equally applicable to NR-U where UE should avoid polluting the unlicensed channel and to avoid unnecessary LBT for transmission procedure which may consume UE power. 
[bookmark: _Toc16261576]Observation 3: UL skipping is a useful UE procedure for NR-U to reduce UE power consumption and unnecessary pollution in unlicensed channel
However, when UE is provided with a multi-TTI grant, performing UL skipping can impact UE performance. Given that there is fixed association between each UL grant scheduled using a multi-TTI grant and HARQ process number, there may be cases where UE may not have any data to transmit for a grant which occurs between two UL grants where UE plans to perform data transmission (e.g. when middle UL grant schedules a retransmission for an empty HARQ process). Such a situation can happen frequently when UL grant is used for CG retransmission and the HARQ buffer is empty.
If UE performs an UL skip between two uplink transmissions, then UE would be required to again perform an LBT procedure, which may result in UE missing the subsequent UL grant. Hence, UL skipping may defeat the motivation of introducing multi-TTI grant itself.
[bookmark: _Toc16261577]Observation 4: UL skipping by UE within a multi-TTI grant can lead to UE performance deterioration by introducing transmission gap within a contiguous set of UL grants
Hence, based on above mentioned points, we may need a mechanism by which we continue to support UL skipping however, minimize the occurrence of transmission gaps within a multi-TTI grant. Such a mechanism can either be supported based on UE implementation (e.g. allow UE to decide on its own whether to perform UL skipping or not within a multi-TTI grant) or can be standardized by disabling skipping within multi-TTI grant.
[bookmark: _Toc16261579]Proposal 2: RAN2 is requested to discuss how to avoid transmission gaps within a multi-TTI grant due to UL skipping
Conclusions
The proposals and observations made in this contribution are listed below:
Observation 1:	NR LCP procedure includes highest priority data within the first UL grant which arrives in time
Observation 2:	Higher probability of LBT failure within the first UL grant scheduled using a multi-TTI grant, results in delay in transmission of high priority data like URLLC
Observation 3: 	UL skipping is a useful UE procedure for NR-U to reduce UE power consumption and unnecessary pollution in unlicensed channel
Observation 4: 	UL skipping by UE within a multi-TTI grant can lead to UE performance deterioration by introducing transmission gap within a contiguous set of UL grants
Proposal 1: 	If UE receives a contiguous set of UL grants scheduled using a multi-grant, it is up to UE implementation in which order the UL grants are processed
Proposal 2: 	RAN2 is requested to discuss how to avoid transmission gaps within a multi-TTI grant due to UL skipping
References
[bookmark: Ref1][1] RP-182878, “New WID on NR-based Access to Unlicensed Spectrum”, Qualcomm Inc.
[2] R1-190xxxx, “Draft Report of 3GPP TSG RAN WG1 #97 v0.3.0, Reno, USA, 13th – 17th May 2019”, MCC




1
