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Discussion and Decision 
Introduction

In RAN#79 meeting, the updated NR specifications after RAN1#92 meeting were endorsed. It was also agreed that RAN1 shall continue to focus on stabilizing the current Rel-15 NR specifications in RAN1#92bis and RAN1#93 meetings because there are still some remaining issues to be solved.  In this contribution, we further provide some proposals on remaining slot format issues.
Monitoring periodicity 

For the GC-PDCCH, in the RAN1#91 meeting, the monitoring periods K = {4 8} have been agreed together with K = {1 2 5 10 20} for the SFI monitoring. In AH1801, the monitoring period {16} has been included for all SCS. So for the GC-PDCCH with SFI, the monitoring period configurations K = {1 2 4 5 8 10 16 20} are supported for all SCS. The reason for this is to support cross-numerology and cross-carrier indication at least for SCS in the range from 15 kHz ~ 60 kHz. If the GC-PDCCH is using numerology1 and the SFI in the GC-PDCCH indicates a component cell/BWP using numerology2, then the monitoring periods K = {4, 8, 16} can be a good choice especially when the SCS of numerology1 is larger than the SCS of numerology2. The periods K=4, 8, or 16 are then beneficial due to the power-of-2 relationship between the slot durations of numerology 1 and 2.
However, even RAN1 allows specifying the candidate monitoring occasions to be power-of-2 slots, with respect to other numerologies, not all of the possible combinations can work well. One example is when the GC-PDCCH numerology1 SCS is 60 kHz with monitoring period K=2 and the indicated numerology2 uses an SCS of 15 kHz. As shown in Fig 1 below, the UE may receive two GC-PDCCHs including the SFI within one slot of numerology 2. According to the agreements in AH1801, the ref-SCS for the SFI indication is not larger than the numerology1 SCS, so we can assume ref-SCS is also 15 kHz here. Based on this assumption, in one slot of numerology2, there are two GC-PDCCH monitoring occasions; therefore the UE may receive two SFI indications within the same slot. One SFI indication will indicate at least one slot of ref-SCS, i.e. four slots’ in the duration of numerology1. Therefore, it will be unclear for the UE to know which indication to follow since both SFI may indicate the same slots. 
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Fig 1 - Cross-numerology GC-PDCCH indication 
Considering the duplicated GC-PDCCH case shown in the Fig.1, a rule for GC-PDCCH reception shall be defined. In the example the UE will receive another slot format indication in the middle of the slot using the numerology 2. The indications will partially overlap. A simple solution to avoid confusion is that the UE can just discard the indication in the middle of the slot and keep the SFI indicated in the beginning of the slot.

Proposal 1: In case of cross numerology indication of slot format in GC-PDCCH, the UE only follows the first received GC-PDCCH within a slot and disregards any other SFIs during the same slot.

SFI valid duration
In the section 11.1.1 of the previous 38.213 version, there is the following description about the valid duration of SFI: “If a UE detects a DCI format 2_0 in slot 
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 in a serving cell is given by the combination for slot formats indicated for the serving cell by a respective field for the serving cell in the DCI format 2_0 at a location provided by higher layer parameter cell-to-SFI, where 
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 is the value of the parameter SFI-monitoring-periodicity configured to a UE by higher layers for a DCI format 2_0”. But in the latest draft version, this description was removed, so whether a SFI indication is valid for the whole monitoring period is not determined. It needs to be specified. 

To discuss conveniently, we assume that the number of slot formats included in one SFI indication is N, and the SFI monitoring period is K. In our opinion, if N is smaller than K, the natural behavior in our view is to divide the K slots into several N-slot sections and to perform wrap-around. This means that the N slots SFI are repeated until the next monitoring occasion. 
If N is larger than K, e.g. N=6, K=5, there are two cases that should be discussed respectively:

Case1: UE receives the new SFI at the next monitoring occasion but the old SFI still is active. Thus, a slot overlap from the old and new SFI has occurred.
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Fig – 3.1 Case1, Old SFI and New SFI overlapping
For this case, we think the reasonable assumption is that the old SFI indicates the whole monitoring period. In order to guarantee that each SFI should start from the receiving slot, the New SFI  can override the Old SFI's indication for slot 5, so the New SFI starts to apply from slot 5.  

Case2: UE does not receive the new SFI at the next monitoring occasion
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Fig 3.2 – Old SFI and New SFI overlapping but new SFI not received
For this case, when the UE doesn't receive the New SFI at the next monitoring occasion, the Old SFI's indication for the slot 5 should still be valid. For slots 6, 7, 8 and 9, the UE should revert to the default configuration (due to the absence of a new SFI). 

In summary, the question whether the new SFI can override the old SFI for the overlapping slot(s) format indication shall be answered as: Yes, if the UE receives a new SFI and, No, if the UE does not receive the new SFI. 

RAN1 shall clarify how to determine each slot's format when the number of indicated combinations does not match the monitoring period.

Proposal 2:  If the number of indicated slot formats is smaller than the monitoring period K, K slots should be divided into several N-slots intervals and applies wrap-around. If N is larger than the monitoring period K, the new SFI can override the old SFI for the overlapping slot(s).

Whether later SFI can override UE DCI scheduling

According to the previous agreements, the UE should assume that there is not any conflict between dynamic SFI and DCI scheduling for the DL/UL transmission direction, but one remaining issue is whether the DL/UL indication in the UE-specific DCI can be overridden by unknown in dynamic SFI if SFI is received later than UE DCI. So far, we have achieved the agreement that the UE specific DCI has a higher priority than the dynamic SFI unknown. It is preferred that this priority is not changed, no matter if the dynamic SFI unknown is before or after the UE DCI scheduling. The reason is that additionally introduced more UE complexity.

For the implementation, the gNB can schedule UE-specific PDSCH/PUSCH during a SFI monitoring period, not beyond the next SFI monitoring occasion. If the UE-specific scheduling really needs to span multiple SFI monitoring periods for the cross-slot scheduling or multi-slot scheduling, the later SFI unknown cannot appear at the PDSCH/PUSCH scheduling symbol(s).  Even though this conflict can be avoided by implementation, the UE behavior for this conflict still needs to be clarified.

Proposal 3:  SFI unknown cannot override UE-specific DCI scheduling, no matter if the UE receives the SFI after or before the UE-specific DCI scheduling.
Analysis on cell-specific frame structure
It has been agreed that the ref-scs should be configured when configuring semi-static D/U assignment,  so that UE can determine the slot format configured by semi-static D/U assignment based on the ref-scs. Considering the semi-static D/U assignment can be configured per cell, the ref-scs should also be configured per cell. Since gNB can configure UE up to four BWPs for one cell, the semi-static D/U assignment can be used for all BWPs in the cell. If the SCS for one of the BWPs is different from the ref-scs, e.g. the ref-scs is 15kHz, and the BWP’s SCS is 30kHz, one ‘D’ in the semi-static D/U assignment will be expanded into ‘DD’ as long as the ref-scs is not larger than any BWPs’ SCS in the cell, which is very similar to the dynamic SFI’s ref-scs limitation.  So we propose that the ref-scs for semi-static D/U assignment should have a similar limitation as the dynamic SFI ref-scs.

Proposal 4: For a serving cell, a UE does not expect that the ref-scs of the semi-static D/U assignment  is larger than any BWPs’ SCS  in the cell.
Conclusion

In this contribution, we discuss some remaining issues regarding the slot format. Proposals are given accordingly. 
Proposal 1: In case of cross numerology indication of slot format in GC-PDCCH, the UE only follows the first received GC-PDCCH within a slot and disregards any other SFIs during the same slot.
Proposal 2:  If the number of indicated slot formats is smaller than the monitoring period K, K slots should be divided into several N-slots intervals and applies wrap-around. If N is larger than the monitoring period K, the new SFI can override the old SFI for the overlapping slot(s).
Proposal 3:  SFI unknown cannot override UE-specific DCI scheduling, no matter if the UE receives the SFI after or before the UE-specific DCI scheduling.
Proposal 4: For a serving cell, a UE does not expect that the ref-scs of the semi-static D/U assignment  is larger than any BWPs’ SCS  in the cell.
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