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Introduction
In unlicensed band, the flexibility of starting time of a burst transmission directly links to the transmission opportunities and user perceived throughput. In this contribution, we discuss the methods to implement initial slot with flexible starting positions.
In RAN1#94bis and RAN1#95 meetings [1][2], the following agreements related to initial slot were drawn:
Agreement:
It has been identified to be beneficial for the NR-U design to not require the gNB to change a pre-determined TBS for a PDSCH transmission depending on the LBT outcome, at least when the PDSCH is transmitted at the beginning of the gNB’s COT.

Agreement:
The following options have been identified as possible candidates for PDSCH transmission in the partial slot at least for the first PDSCH(s) transmitted in the DL transmission burst.
· Option 1: PDSCH(s) as in Rel-15 NR
· Option 2: Punctured PDSCH depending on LBT outcome
· Option 3: PDSCH mapping type B with durations other than 2/4/7 symbols
· Option 4: PDSCH across slot boundary
· FFS for signalling details, specification impact, implementation complexity
· Note: Above options are not mutually exclusive.

Agreement:
Adopt the following text for the TR:
Compared to NR Rel-15, it has been identified to be beneficial if the time domain instances in which the UE is expected to receive PDCCH can change dynamically, e.g. by implicit determination related to the gNB’s COT, or explicitly signalled by the gNB.

Note: This is an updated/revised submission of [3].
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Fig.  1. Punctured initial slots corresponding to multiple starting positions 
In LTE-LAA, a DL/UL transmission burst may start from subframe boundary or slot boundary according to the LBT result, i.e. at most 2 transmission opportunities in 1ms. In NR-U, it is desirable to have more starting positions to enhance the performance. Combinations of one or more mini slots defined in Rel-15 NR can be used for implementing flexible starting positions at the expense of complexity on gNB/UE. In case of downlink, because the gNB does not know beforehand which starting position will be used as that depends on the result of CCA, it need to prepare multiple combinations of mini-slots. Concerning this complexity issue, it was agreed in RAN1#94bis that it is beneficial for the NR-U design to not require the gNB to change a pre-determined TBS for a PDSCH transmission depending on the LBT outcome. Basically the TBS is pre-determined based on slot based scheduling. As shown in Fig. 1, the start of first PDSCHs/PDCCHs in initial slot can be shifted to the obtained starting position according to LBT procedure. The length of PDSCH is adapted by puncturing the overflushed part from the initial slot. CBG-based (re)transmission can be used to mitigate the negative impact from puncturing. This method allows the scheduler to schedule only once for initial slot, thus reduce complexity on scheduling and signal generation. 
One issue that needs to be considered is whether PDSCH mapping type A or B to be applied to this initial slot with adaptive puncturing. In case of type A, new definition for DMRS position needs to be introduced for NR-U. In case of type B, length of 14 symbols can be introduced. Alternatively, the puncture can be configured to be performed at the position of symbol #6 in addition to symbol#13. The gNB may schedule mini slots per half slot in initial slot. If the obtained starting position is in first half slot, then puncture the mini-slots which cross the first half slot after shifting according to the LBT procedure. If the obtained starting position is in second half slot, then the gNB transmits the beginning part of second half slot and puncture the ending part.

Proposal 1: As one of the method of enabling flexible starting positions in initial slot, NR-U supports delayed and punctured PDSCH depending on LBT outcome. Further discuss the following options for the detailed behaviour,
· Alt-1: Shifting the DMRS positions of PDSCH mapping type A according to the obtained starting position, and determining the overflushed part based on the slot boundary.
· Alt-2: Introducing a length of full slot for PDSCH mapping type B, and determining the overflushed part based on the slot boundary. 
· Alt-3: Scheduling initial slot per half slot with PDSCH mapping type B. If the obtained starting position is in the first half slot, the overflushed part is determined based on the boundary of half slot. Otherwise, the overflushed part is determined based on the slot boundary.
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Fig.  2 Adaptation of PDCCH monitoring positions

Flexible starting positions of DL transmission increase PDCCH monitoring positions until the UE detects the transmission. On the other hand, the PDCCH monitoring periodicity is not required to be so frequent during a DL transmission. For example, one search space per slot may be enough for some UEs. Thus UE consumption power due to PDCCH monitoring can be reduced by adaptively changing the PDCCH monitoring positions. As shown in Fig. 2, it is straightforward to adapt PDCCH monitoring positions depending on whether or not a DL transmission has already started. 
From the UE perspective, successful detection of PDCCH or the RS for PDCCH can be the trigger for the adaptation of PDCCH monitoring positions. During the SI, it has been discussed whether or not to introduce additional signals to enhance the reliability of detecting a start of DL transmission. Detection of those signals might also be the trigger for the adaptation. Existing wideband DMRS for PDCCH is the baseline for further discussion/evaluation on those enhancement.

Proposal 2: In NR-U, UE may adapt PDCCH monitoring positions after having detected the RS for PDCCH. 


Conclusions
In this contribution, we discussed flexible starting positions of initial slot and related behavior on PDCCH monitoring in NR-U. Based on the above discussion, we have following proposals,
Proposal 1: As one of the method of enabling flexible starting positions in initial slot, NR-U supports delayed and punctured PDSCH depending on LBT outcome. Further discuss the following options for the detailed behaviour,
· Alt-1: Shifting the DMRS positions of PDSCH mapping type A according to the obtained starting position, and determining the overflushed part based on the slot boundary.
· Alt-2: Introducing a length of full slot for PDSCH mapping type B, and determining the overflushed part based on the slot boundary. 
· Alt-3: Scheduling initial slot per half slot with PDSCH mapping type B. If the obtained starting position is in the first half slot, the overflushed part is determined based on the boundary of half slot. Otherwise, the overflushed part is determined based on the slot boundary.
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Proposal 2: In NR-U, UE may adapt PDCCH monitoring positions after having detected the RS for PDCCH. 
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