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Introduction

In this document, we discuss some of the remaining issues on the PDCCH monitoring enhancement. 

Discussion

In last meeting, the following agreement was made. 

Agreement
For search space set configuration of multi-slot PDCCH monitoring:

monitoringSlotPeriodicityAndOffset and duration are appended with "-r17", and

For monitoringPeriodicityAndOffset-r17
The values represent slots

Add periodicity values {32,64,128,5120,10240,20480} to the existing values in monitoringSlotPeriodicityAndOffset
Note: Total list of supported periodicity values: {1,2,4,5,8,10,16,20,32,40,64,80,128,160,320,640,1280,2560,5120,10240,20480}

For each periodicity value Xp

The value range for the offset O is {0 .. Xp-1} slots

Note: There may be no need to introduce the term "Xp" in the specifications

The configured periodicity at least for Group (1) SSs is restricted to be an integer multiple of Xs slots

FFS: details of offset

For duration-r17
The values represent slots

The value range is { 8, 12, …, 20476}

The configured duration is restricted to be an integer multiple of Xs slots at least for Group (1) SSs
FFS: need to revise the definition of duration
monitoringSymbolsWithinSlot applies to each slot in a slot group configured for multi-slot PDCCH monitoring

Note: This parameter can be directly re-used from earlier releases.

Introduce new parameter monitoringSlotsWithinSlotGroup-r17
Working assumption:

The size is 8 bits

Each bit in monitoringSlotsWithinSlotGroup-r17 represents a slot in a slot group

A slot in the slot group is configured for multi-slot PDCCH monitoring if the corresponding bit in the slot group is set to '1'

Note: Further configuration of the monitoring symbols in such a slot is done by monitoringSymbolsWithinSlot
The slots indicated in the bitmap should be consecutive at least for Group (1) SSs
In this section, we analyze the remaining issue for the search space configuration and the proposal to resolve the issue. In legacy system, e.g. R15 and R16, the duration parameter configures the UE the slots in which the UE will perform PDCCH monitoring, then monitoringSymbolsWithinSlot further precises the starting symbol within the monitoring slot, as shown in Fig. 1. 
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Fig. 1: legacy search space configuration, duration parameter indicates the slots in which UE monitors PDCCH

The difference for FR2-2 is that the UE does not monitor PDCCH in all the slots configured by the duration-r17 parameter. This necessitates to introduce another parameter, i.e., monitoringSlotsWithinSlotGroup-r17, to indicate which of the slots to be monitored within the slots configured by duration-r17 parameter. However, we think that to make the search space configuration work, the restriction of the length of duration-r17 is integer of Xs slot should be modified. This because the Xs value is directly linked to the 8-bit of monitoringSlotsWithinSlotGroup-r17. The bit position should be aligned with Xs value in order for the UE to derive the monitored slots from a one-to-one mapping indication. If the Xs value is not equal to 8, the UE does not know how to interpret the bit-map. Given that for 480kHz SCS, UE only supports Xs=4 but for 960kHz SCS, UE may support Xs=4 or 8, we suggest that the duration-r17 is defined in a virtual slot group length of Xs=8, so that the duration-r17 should be an integer number of Xs=8. Thus the monitoringSlotsWithinSlotGroup-r17 can indicate the monitored slot based on Xs=8 slot basis and the corresponding configuration examples as shown in Fig. 2.
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Fig. 2: an example of duration-17 based on Xs=8 and the corresponding monitoringSlotsWithinSlotGroup-r17 indication
Proposal 1: the value configured by duration-r17 should be an integer number of Xs=8 and make the previous working assumption as agreement. 
On the other hand, we would like to bring the topic of beam level DCI format 2_0 up again and try to discuss the necessity for potential enhancements. The DCI format 2_0 contains different indications and these indication should be interpreted based on beam level indications. In this section, we analyze the motivations for the beam level interpretation of DCI 2_0 indication. 

Since gNB can perform directional LBT and RAN1 has agreed that the sensing beam should cover the transmission beams, it implies that the transmission beams within the initiated gNB COT should be covered by the sensing beam. Moreover, the remaining COT duration indication in DCI 2_0 was used in R16 for the UE to determine whether the UE can share the gNB COT and also whether the UE should perform reception on the pre-configured downlink transmissions, e.g. CSI-RS. Thus, it would be more reasonable that the COT sharing as well as the legacy P-CSI-RS reception behavior should be checked by the sensing beam or the transmission beams. 

For COT sharing mechanism, in the legacy system, the UE can share gNB’s COT as long as the uplink transmission resources in time and frequency domain are within the gNB COT. However, when directional LBT is applied at gNB side, a beam level condition should be added such that the gNB LBT sensing beam should cover the UE’s transmission beam, otherwise, the gNB COT should not be considered sharable by the UE. The ‘cover’ definition can reuse the same definition in the directional LBT procedure. 

Proposal 2: the UE can share gNB COT only if the UL transmission resources are within the gNB COT and the UL transmission beam is covered by the gNB sensing beam for directional LBT. 

For P-CSI-RS reception within the gNB COT, in NRU system due to the FR1 frequency range, the UE only checks whether the CSI-RS resources are within the gNB COT to decide if the reception is to be canceled or not. But for FR2-2, if the gNB’s sensing beam does not cover the CSI-RS beam, the CSI-RS is not expected to be transmitted. In this case, if the CSI-RS resources are within the gNB’s remaining COT duration, as long as the gNB sensing beam does not cover the CSI-RS beam, the UE should also cancel the CSI-RS reception. 

Proposal 3: For higher layer configured CSI-RS reception, the UE performs the reception if the CSI-RS resources are within the gNB COT and the gNB’s sensing beam covers the CSI-RS beam. 

In the unlicensed spectrum, when COT duration indication is not configured in DCI 2_0, the COT duration is determined by the SFI periodicity. Moreover, the higher layer configured downlink reception, e.g. CSI-RS and PDSCH, is to be confirmed by the SFI indication. In FR2-2 with unlicensed spectrum where LBT is mandatory by the regional regulation, similar to the proposal 2, the confirmation should take into account the gNB sensing beam, because if the sensing beam does not cover the transmission beam, the pre-configured reception should also be canceled, as the gNB is not allowed to transmit in the direction uncovered by the directional LBT. 

Proposal 4: In FR2-2 unlicensed band, the pre-configured downlink reception is not only confirmed by the SFI indication but also by gNB’s sensing beam, e.g., UE should cancel the downlink reception within the gNB COT if the gNB sensing beam does not cover the downlink transmission beam. 

When it comes to SSSG switching, the motivation of introduction of this feature is to allow UE to reduce the PDCCH monitoring effort in the gNB COT. With the similar reasoning as described above, when the transmission beam is not covered by the gNB sensing beam, the gNB is not allowed to perform this transmission within the gNB COT. Therefore, if a CORESET beam is not covered by the gNB sensing beam, the UE should be allowed to skip the PDCCH monitoring in the CORESET. 

Proposal 5: R17 should allow UE to skip PDCCH monitoring in the CORESET associated with a beam uncovered by the gNB sensing beam within the gNB COT. 

Conclusion

This contribution discusses the potential enhancements to PDCCH monitoring. The following proposals are made. 

Proposal 1: the value configured by duration-r17 should be an integer number of Xs=8 and make the previous working assumption as agreement. 
Proposal 2: the UE can share gNB COT only if the UL transmission resources are within the gNB COT and the UL transmission beam is covered by the gNB sensing beam for directional LBT. 

Proposal 3: For higher layer configured CSI-RS reception, the UE performs the reception if the CSI-RS resources are within the gNB COT and the gNB’s sensing beam covers the CSI-RS beam. 

Proposal 4: In FR2-2 unlicensed band, the pre-configured downlink reception is not only confirmed by the SFI indication but also by gNB’s sensing beam, e.g., UE should cancel the downlink reception within the gNB COT if the gNB sensing beam does not cover the downlink transmission beam. 

Proposal 5: R17 should allow UE to skip PDCCH monitoring in the CORESET associated with a beam uncovered by the gNB sensing beam within the gNB COT. 
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