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1. Introduction & Background

In RAN1 #89 meeting, several aspects of the group-common PDCCH were discussed and the following agreements were achieved[1].

Agreements:
· The SFI transmitted in a group-common PDCCH can indicate the slot format related information for one or more slots

· The slot format related information informs the UEs of the number of slots and the slot format(s) related information of those slots

· FFS: how to interpret the SFI when the UE is configured with multiple bandwidth parts

· FFS: details for UE behaviour

· FFS: A UE may be configured to monitor for at most one group-common PDCCH carrying slot format related information (SFI) in a slot
Agreements:
· In ‘Slot format related information’, ‘other’ is at least:

· ‘Unknown’

· UE shall not assume anything for the symbol with ‘Unknown’ by this information

· FFS: UE behavior when the UE receives the information for the symbol from SFI and broadcast DCI and/or UE-specific DCI and/or semi-static signaling/configuration

· FFS: ‘Empty’

· UEs can use this resource for interference measurement
· UE may assume there is no transmission.
In RAN1 NR AH#2 meeting, the ‘Empty’ is excluded from the ‘slot format related information’ as below [2]:
Agreements:
· In ‘Slot format related information’, ‘Empty’ is not indicated explicitly.

· Note: RAN1 specification ensures that UE(s) is/are aware of which resources can be for ‘gap for DL-UL switching’ and/or ‘gap’

· Note: RAN1 specification ensures that UE(s) is/are aware of which resources are for ‘CSI/interference measurement’.
The SFI is agreed to be transmitted in the group-common PDCCH. However, the details of SFI need further discussion. E.g. the SFI indicates single or multiple slots information, if cross-slot SFI is supported, and if multi-cell indication is allowed, etc.
In this contribution, we discuss the remaining details of SFI and other possible contents of group-common PDCCH.
2. SFI Contents
In this section, we will discuss the necessities of enabling SFI for multiple slots and multiple cells. Meanwhile, the cross-slot SFI indication will also be discussed considering the different DL/UL configurations.
1.1. SFI for multiple slots
The periodicity of the UE monitoring group-common PDCCH determines the frequency of SFI updates. When the monitoring periodicity is configured as once per multiple slots, e.g. due to UE power saving, the multi-slot SFI should be supported.  In this case, the SFI will indicate the information of the current slot and the following slots before the next SFI transmission. In addition, there may be multiple UL slots in a frame, where there is no resource for group-common PDCCH in these slots. Therefore the DL slot before the consecutive UL slots should indicate the SFI of following UL slots as shown in the former part of Figure 1. Therefore the multi-slot SFI can be justified. 
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Figure 1 SFI for multiple slots
For the SFI indicating multiple slots, each slot may have separate indication field, which results in a relative higher overhead for SFI, but brings more flexibilities, i.e. each slot can have different slot formats. Another option is to configure multiple slots to share the same indication filed, which greatly reduces the signalling overhead by sacrificing the flexibility, i.e. the slots sharing the same indication field cannot have different slot formats. There is a trade-off between the SFI signalling overhead and the slot format flexibility as shown in the latter part of Figure 1.
Proposal 1: SFI for multiple slots is supported, and the trade-off between the SFI signaling overhead and the slot format flexibility should be considered.
1.2. SFI for Multiple cells
In carrier aggregation, the slot format related information of both PCell and SCell should be indicated to the UE. In general, the SFI can be indicated separately in the group-common PDCCH on each carrier. However, this will increase the blind decoding of the UE since it needs to decode group-common PDCCH on all the carriers. In order to reduce the blind decoding of the UE, the slot format related information of the SCell can be sent on PCell. Then UE only needs to decode the group-common PDCCH on PCell. 
To reduce the complexity of the SFI and avoid confusion of the UE, no matter for single slot or multiple-slot SFI, at least the number of the indicated slot(s) on PCell and SCell should be the same as shown in Figure 2. In addition, the slot format related information of the PCell and SCell can be independent, that is to say, PCell and SCell can have different slot formats for the same slot index, as shown in Figure 2, where the slot format related information is indicated by SFI1 and SFI3. This will definitely increase the size of the SFI on PCell. On the other hand, we can reduce the SFI size by restricting the slot formats of the PCell and SCell to be the same as indicated by SIF2 in Figure 2. Similar as before, there is a trade-off between the signaling overhead of SFI and the flexibility of the slot formats of the PCell and SCell.
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Figure 2 SFI for multi-carrier

Proposal 2: SFI for multiple cells is supported to reduce the blind decoding of the UE.
1.3. Cross-slot SFI

The SFI is contained in the group-common PDCCH, and the decoding of the group-common PDCCH  may require a few symbols, which depends on the UE capability.  If the SFI indicates the slot format of the current slot, additional burden may be imposed to the UE since some processing can only be done after the SFI is decoded, e.g. UE shall determine the PDCCH monitoring occasions and channel / interference measurement resoures based on the slot format indication, therefore increase the UE processing timeline. If the SFI indicates the slot format of the next slot(s), the forementioned drawbacks are  no longer restrictions anymore. Furthermore, for a UL only slot, i.e. a slot without any DL resource, the SFI for such slot can only be provided by the slot with DL resource in advance. 
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Figure 3 Cross-slot SFI
Proposal 3: Cross-slot SFI is supported to relax the UE processing time and to support indication of a UL only slot. 
3. Other fields in GC-PDCCH

In RAN1 NR Adhoc #1 meeting, it is agreed that some blind decodings can be skipped based on information on a ‘group common PDCCH’.
Agreements:
· The UE will have the possibility to determine whether some blind decodings can be skipped based on information on a ‘group common PDCCH’ (if present).

· FFS: if the data starting position is signaled on the group common PDCCH, the UE may exploit this information to skip some blind decodings

· FFS: if the end of the control resource set is signaled on the ‘group common PDCCH’, the UE may exploit this information to skip some blind decodings

· FFS: how to handle the case when there is no ‘group common PDCCH’ in a slot

· When monitoring for a PDCCH, the UE should be able to process a detected PDCCH irrespective of whether the ‘group common PDCCH’ is received or not
The mapping rules for REG were discussed in RAN1#88bis meeting. Time-first and frequency first mapping for CCE-to-REG has its own merits to be adopted as candidate. However, blind decoding for these two schemes need to be clarified [3]. 

4.1 Reducing blind decoding
Regarding what information should be carrier on the ‘group common PDCCH’, some FFS were made after RAN1 NR adhoc meeting [2].
Agreements:
· FFS: ‘Control resource set duration’

· FFS: Indicates the duration of the control resource set(s) 

· FFS: Can help the UE skip some of the semi-statically configured blind decodings. If not received, the UE performs all blind decodings.

Considering the benifits for reducing the UE bllind decoding, it is preferred to introduce the ‘CORESET monitoring duration’ from the network to instruct UE blind decoding. The agreements made here gives preference to be included in ‘group common PDCCH’. However, we are also open to be included in other way, e.g., RRC and/or MAC signalling, which are more reliablely to be received but less frequently to be updated.

The following notations for ‘CORESET monitoring duration’ are used (see Figure 1)

 N: ‘CORESET monitoring duration’, 
M1: index of first OFDM symbol of CORESET, 
M2: index of last OFDM symbol of CORESET,
Figure 4 shows the UE operations when time-first and frequency-first CCE-to-REG mapping are configured respectively. 

· For a CORESET configured with time-first mapping, 

· UE is not expected to perform blind decoding operations in the CORESET when N < M2
· For a CORESET configured with frequency-first mapping, 

· UE is not expected to perform blind decoding operations for the CORESET when N < M1
· UE is not expected to perform blind decoding from symbol N+1 to M2 in the CORESET when M1<=N< M2
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Figure 4. Indication for reducing number of blind decoding operations
Proposal 4 : UE is indicated by the GC-PDCCH of ‘CORESET monitoring duration’. Define UE blind decoding behaviour according to ‘CORESET monitoring duration’ from GC-PDCCH.

Indication for scaling number of PDCCH decoding operations seems promising. A simple approach for such indication is on/off with 1-bit. This gives guidance to the UE whether performing PDCCH decoding is needed or not.

Proposal 5: FFS other indications beside ‘CORESET monitoring duration’ for the purpose of reducing the UE blind decoding. 

4. Conclusion

In this contribution, it is proposed 

For SFI content in GC-PDCCH

· Proposal 1: SFI for multiple slots is supported, and the trade-off between the SFI signaling overhead and the slot format flexibility should be considered.
· Proposal 2: SFI for multiple cells is supported to reduce the blind decoding of the UE.

· Proposal 3: Cross-slot SFI is supported to relax the UE processing time and to support indication of a UL only slot. 
For blind decoding in GC-PDCCH

· Proposal 4 : UE is indicated by the GC-PDCCH of ‘CORESET monitoring duration’. Define UE blind decoding behaviour according to ‘CORESET monitoring duration’ from GC-PDCCH.

· Proposal 5: FFS other indications beside ‘CORESET monitoring duration’ for the purpose of reducing the UE blind decoding. 
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