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1 Introduction

In RAN1 #92 bis meeting, discussions on group common PDCCH were held, and the following is agreed. 

Agreements:

· UE does not expect the reference SCS in TDD UL/DL configuration common and common2 to be different

· UE does not expect the reference SCS in cell-specific UL/DL configuration in a cell to be larger than the SCS of any BWP configured for the cell

Agreements:

· Limit the size of the UE-specific SFI table to a max total of 512 values across all entries in Rel 15.

Agreements:

· On slot format indication for ECP, reuse the slot format indication for NCP, and determine the direction of an ECP symbol using the indicated direction of (partially) overlapping NCP symbols

· If all (partially) overlapping NCP symbols are D, the ECP symbol is D

· If all (partially) overlapping NCP symbols are U, the ECP symbol is U

· If one of (partially) overlapping NCP symbols is X, the ECP symbol is X

Agreements:

· Regarding cancellation of RRC configured DL reception with a DCI granted UL transmission, or the cancellation of RRC configured UL transmission with a DCI granted DL reception, the cancellation is subject to a minimum time constraint, which follows N2 timeline 

Agreements:

· After active BWP switching, the SFI received before the BWP switching is still applicable to the new active BWP after switching 

Agreements:

· UE is not expected to monitor GC-PDCCH for SFI for a first cell in another cell with larger SCS than the first cell in Rel-15

Agreements: 

· In UE-specific SFI table configuration, it is possible for the length of an entry to be longer than the configured monitoring period of the SFI

· For a slot covered by multiple SFIs transmitted at different slots, the UE does not expect to receive different slot format indicated by different SFIs.

· If UE receives different slot formats for the same slot from different SFI, the UE behaviour is not defined.

Agreements

· In the slot format table in TS38.211, the entry 255 is defined such that when a slot format for a slot is indicated as 255, the UE does not use this information in deciding the cancellation of UE-specific RRC configured DL receptions or UE-specific RRC configured UL transmissions

Agreements:

· When an RRC configured UL transmission is cancelled by SFI or DCI, the UE is not expected to cancel the part of RRC configured UL transmission that is to be transmitted over the OFDM symbols within N2 OFDM symbols after the end of the OFDM symbol carrying the SFI or DCI from UE perspective.

Agreements:

· For cancellation of RRC configured transmission or reception by SFI, the cancellation is for a unit of transmission/reception if any OFDM symbol within the unit is cancelled by SFI.

· For RRC configured CSI-RS resource set, the cancellation unit is the CSI-RS resource set

· For RRC configured PDSCH and PUSCH with slot aggregation, the cancellation unit is the whole PDSCH or PUSCH within a slot

· For RRC configured PDSCH, PUCCH, and PUSCH without slot aggregation, the cancellation unit is the whole PDSCH, PUCCH, and PUSCH

· For RRC configured SRS transmission, the cancellation unit is OFDM symbol

Agreements:

· For a grant based PDSCH, rate matching around RRC configured CSI-RS, if the CSI-RS is cancelled by setting SFI to “flexible” or the UE does not detect the SFI for the slot, the PDSCH still rate match around the CSI-RS RE locations.

· This may not have spec impact

Agreements:

· In 38.213 section 11.1, when PDSCH granted by DCI with CRC scrambles by C-RNTI is mentioned, add CS-RNTI, P-RNTI, SI-RNTI, RA-RNTI, and TC-RNTI to the list of RNTIs as well

Agreements:

· For a UE-specific RRC configured UL transmission, if one OFDM symbol of the configured transmission falls on the semi-static DL symbol or a symbol SSB is transmitted as indicated, the UE shall cancel the transmission.

· For a UE-specific RRC configured DL reception, if one OFDM symbol of the configured reception falls on the semi-static UL symbol or a symbol PRACH is configured, the UE shall cancel the reception.

From the RAN1 #92 bis, many issues for GC PDCCH are addressed such as slot format for ECP, UE operations for BWP switching, and the priority definition of DCIs of other RNTIs. As a result a few agreements are derived. For further discussion, we made some proposals about how to indicate slot format according to the periodicity of GC PDCCH and UE behavior when the RRC configurations of D and U are conflict.
2 Discussions 
2.1 When SFI information becomes effective 
Assuming group common PDCCH is transmitted in every P slots, it needs to clarify how SFIs carried in one group common PDCCH is applied. In general, we can consider that SFIs are applied between slot n to slot n+X-1 where a group common PDCCH is transmitted in slot n and X is the number of slots indicated in the group common PDCCH. Alternatively, we can consider that SFIs are applied between slot n+1 to slot n+X. 

The first approach can have ‘undefined’ OFDM symbols depending on processing time of group common PDCCH by a UE (e.g., during processing time, a UE cannot determine the direction). If a UE needs to perform measurements in such resources, a UE needs to apply the case that a UE has not acquired group common PDCCH (i.e., measurement is not valid). This can be very inefficient. Considering various UE capability and implementation, our general preference is to apply SFIs between slot n+1 to slot n+X when group common PDCCH is transmitted in slot n. 
Proposal 1: SFIs for a cell carried by a GC PDCCH in slot n applies to slot n+1 to slot n+X where SFIs carry X slots information for the given cell.
2.2 Slot format indication less than period
From the previous agreements, slot format is indicated by following process. Slot format table for UE is configured as combinations of formats per slot. Then SFI in GC PDCCH indicates the index of slot format table and UE extracts the entry matched with the index as slot format. The GC PDCCH is transmitted to UE according to the periodicity, but the slot length of indicated slot format and periodicity may not be matched. If the number of slot format indicated slots is multiple of periodicity, it is not cause any problem. However if it is not, some slots do not have slot format even the GC PDCCH is properly received, and UE cannot assure what behavior UE should follow. For these slots, three options can be considered.

· Option 1: UE can consider those slots as ‘Unknown’
· Option 2: UE can consider those slots as Downlink
· Option 3: UE can operate fall back operation (when UE missed or does not received GC PDCCH) in those slots.

· Option 4: UE can assume that slot format indication is false.

The GC PDCCH is received completely and it could be regarded as the gNB does not indicate slot formats for those rest slots intentionally. Thus it may reasonable that option 1 for UE behavior would be appropriated, but it still should be discussed further the necessity of slot format indication for non-multiple slots of periodicity. Furthermore, slot format indication less than period also causes another problem such as UE may need to decide whether receive GC PDCCH is properly detected. The best situation is that GC PDCCH always indicates slot formats for number of slots corresponding the periodicity to prevent confusion.
Additional, it can be considered that the periodicity of GC PDCCH is 5 slots with SCS 30kHz, and the reference SCS of SFI table is 10kHz. In this case, it is hard to match same time duration between periodicity and slot format entry with reference SCS. If the entry of SFI table which indicate the slot format for 3slots with 15kHz, then this slot format is applied to 6 slots with SCS 30kHz. However, the new GC PDCCH can be delivered in 6th slot and this situation could be better than the slot format indication less than 5 slots with SCS 30kHz. From this sense, if it is hard to indicate slot format as multiple of periodicity, the number of slots for slot format indication should be at least same as or larger than periodicity.
Proposal 2: GC PDCCH should indicate the slot formats for number of slots of multiple of periodicity or at least same or larger number of slots than periodicity. 
2.3 UE behavior with confliction between RRC configurations with different direction
In the semi-static flexible resource, when there are RRC configurations, UE can follows those configurations. Or, if there are GC PDCCH or scheduling DCI, RRC configurations can be activated or cancelled by them. However, in the case that GC PDCCH is not configured and scheduling DCI are not transmitted to the UE but RRC configurations are conflict that configuration for downlink and configuration for uplink are configured in same resource, UE should decide how to operate. For the UE behavior in this situation, three options can be considered.
· Option 1: UE always follows RRC configurations related to downlink
· Option 2: UE always follows RRC configurations related to uplink
· Option 3: UE does not perform any RRC configuration related operation in the resource.

If UE operate uplink related RRC configurations, it may cause interference to other UE who is configured only downlink configuration in that resource. It may not be a problem that if UE only follows option 1 and UE always follows downlink configuration. It does not interfere other UEs but for the operating UE perspective, improper measurement can be done because network does not specify which configuration should be followed and it is not guaranteed the measurement is intended by network. From this problem, it makes sense that UE follows option 3, and UE does not perform anything in this resource. It means that the RRC configuration should be activated by other signaling obviously to UE, and UE cannot operate any configuration without exact indication. This makes UE more conservative but the system stability could be secured.
Proposal 3: When the respective RRC configurations for downlink and uplink are conflict in the same resource without other signaling related to symbol direction, UE cancels both DL and UL in the conflict resource (i.e., Option 3).

2.4 RRC configurations considering two period semi-static D/U assignment 
According to the previous agreement, semi-static D/U assignment for two period (X+Yms) can be simultaneously configured, and these two period can form a single huge semi-static period (X+Y=Z).

Apart from the semi-static D/U assignment, there are many semi-static RRC configurations such as periodic CSI measurement, periodic CSI reporting, UE-specific RACH resource configuration and grant-free resource configuration. The UE operations for these RRC configurations can be confirmed by semi-static D/U assignment, and it is easy to be determined with single period semi-static D/U assignment. Because gNB only should consider single time durations of downlink and uplink. However with two semi-static period, it becomes more complex. With this structure of semi-static D/U assignment, three options can be considered.

· Option 1: Two RRC configurations also can be defined for each semi-static period. Each RRC configuration is applied to each proper period.

· Option 2: RRC configuration is defined with the huge single period Z. This configuration is not perfectly matched with the durations of downlink and uplink, but UE needs to receive only single configuration.

· Option 3: RRC configuration has its own semi-static period and this independent period may not be matched with semi-static Z. In this option, some configurations are hard to be validated but this makes gNB’s operations for resource configuration simple.
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Figure 3. RRC configurations in semi-static D/U assignment of two period combining
Figure 3 represents the option 1, 2 and 3. With option 1, detailed and exact UE operation can be possible but UE need to receive two configurations, and it cause too much overhead. With option 2 and 3, gNB only needs to configure single resource configurations and this system becomes simple clear. Furthermore it can be considered that there are single huge semi-static D/U assignment and if gNB takes into account this huge period, not much RRC configurations can be cancelled.
Proposal 4: Even with the two period combined semi-static D/U assignment, single RRC configuration is necessary for simple and clear network.

2.5 UE behavior when UE is on beam failure recovery (BFR) 
When a UE is in beam failure recovery (BFR), the UE needs to monitor BFR CORESET. In the beam recovering, it’s FFS whether the UE monitors other CORESETs or not. In the case that a UE does not monitor other CORESETs, the UE may not be able to obtain GC PDCCH with skipping SFI occasion. Even if the UE can monitor other CORSETs, due to the channel estimation limitation of UE, UE may only operate BD for a few of search spaces of CORESETs and also UE may skip monitoring on GC PDCCH. This means that, UE may not acquire GC PDCCH during beam failure recovery. In the previous meeting, the UE behavior, for the situation UE is trying to decode GC PDCCH but UE does not decode it, was defined as UE will cancel RRC configured transmission, and assume RRC configured DL transmission is not transmitted, during semi-static configured flexible symbols. In the BFR situation unlike this agreements, UE may not try to decode GC PDCCH. It is same that UE does not have GC PDCCH but the reasons why the GC PDCCH is absent are different. Thus the UE behavior when UE does not try to decode GC PDCCH also should be defined separately. For this UE behavior, two options can be considerable.
· Option 1: UE follows the behavior when UE monitors GC PDCCH but UE does not detect it.

· Option 2: UE behaves as UE is not configured to monitor GC PDCCH.

With option 1, UE performs operations according to the semi-static D/U assignments and other DCIs but cancel RRC configurations in semi-static flexible. With Option 1, the UE still monitors CORESETs as configured. With option 2, UE follows all semi-static D/U assignments, RRC configurations and other DCIs. If UE is in BFR, it makes sense that UE can follow semi-static D/U assignment at least, but RRC configurations in semi-static flexible is cancelled. UE is on recovering beams, and UE cannot sure whether the RRC configurations is properly activated or not due to the absence of GC PDCCH. To conclude, it seems that UE behaves as when UE was trying to decode GC PDCCH but does not receive it. Therefore, the UE behavior when UE does not try to decode GC PDCCH can be defined as that of option 1. Similar handling can be also applied to C-DRX case. 
Proposal 5: When a UE skips GC PDCCH monitoring due to BFR or C-DRX, UE have the same behaviour when the UE does not detect GC PDCCH even with CORESET monitoring is applied. 
3 Conclusion 
In this contribution, we discuss on the structure of group common PDCCH. Based on the discussion, we obtained following proposals.
Proposal 1: SFIs for a cell carried by a GC PDCCH in slot n applies to slot n+1 to slot n+X where SFIs carry X slots information for the given cell.
Proposal 2: GC PDCCH should indicate the slot formats for number of slots of multiple of periodicity or at least same or larger number of slots than periodicity. 
Proposal 3: When the respective RRC configurations for downlink and uplink are conflict in the same resource without other signaling related to symbol direction, UE does not operate any configurations of the resource.

Proposal 4: Even with the two period combined semi-static D/U assignment, single RRC configuration is necessary for simple and clear network.

Proposal 5: When a UE skips GC PDCCH monitoring due to BFR or C-DRX, UE have the same behaviour when the UE does not detect GC PDCCH even with CORESET monitoring is applied. 
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