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1. Introduction
At the RAN#94-e meeting, status report [1] on supporting NR from 52.6 GHz to 71 GHz was approved and regarded as a completed work from RAN1 perspective.
In this contribution, we discuss the remaining issues on PDCCH monitoring with 480 and 960 kHz SCSs to support NR from 52.6 GHz to 71 GHz.

2. Remaining issues on PDCCH monitoring enhancements
2.1. Default behavior for multi-slot PDCCH monitoring
To deal with shortened slot duration due to introduction of 480/960 kHz SCS, multi-slot PDCCH monitoring capability has been defined for FR2-2 operation in Rel-17. In general, UE can assume PDCCH monitoring only in consecutive Ys slots per slot-group of Xs slots for Group(1) SSs (i.e., Type 1 CSS with dedicated RRC configuration, Type 3 CSS and USS), while per-slot PDCCH monitoring for Group(2) SSs (i.e., Type 0/0A/2 CSS and Type 1 CSS without dedicated RRC configuration), as in Rel-15 NR. The needed UE capability reporting, physical layer behaviors, and RRC parameters have been discussed and then agreed mainly during Q1’22. We believe when the corresponding RRC configurations are provided, UE behaviors for PDCCH monitoring in FR2-2 are now much clear.
Additionally, UE behavior for PDCCH monitoring in FR2-2 before dedicated RRC signaling has also been discussed, and some agreements have been endorsed accordingly. The most essential point in this case would be to avoid ambiguity between UE and gNB (NW) regarding BD/CCE budget (or the size of slot-group) since it is critical to determine SS overbooking/dropping. The principle in the corresponding agreements would be to expect the most basic UE capability for each SCS in this case, which we believe is reasonable. As a result, some texts have been added to reflect this in the latest 38.213 [2]. 
There is, however, an issue which may confuse UE behavior in the corresponding text. That is, in two sentences, UE behavior when monitoringCapability is not provided is described in Clause 10, which can be seen the following:
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[…]
A UE obtains an indication to monitor PDCCH on the active DL BWP of the serving cell for a maximum number of PDCCH candidates and non-overlapping CCEs 
-	per slot, as in Tables 10.1-2 and 10.1-3, if monitoringCapabilityConfig = r15monitoringcapability, or 
-	per span, as in Tables 10.1-2A and 10.1-3A, if monitoringCapabilityConfig = r16monitoringcapability, or
-	per group of  slots according to combination , as in Tables 10.1-2B and 10.1-3B, if monitoringCapabilityConfig = r17monitoringcapability or if monitoringCapabilityConfig is not provided
The remaining of this clause, including clause 10.1, considers that a UE is provided monitoringCapabilityConfig for a serving cell. If the UE is not provided monitoringCapabilityConfig for the serving cell, corresponding statements that the UE is provided monitoringCapabilityConfig for the serving cell are substituted as follows
-	for SCS configuration , the UE monitors PDCCH on the active DL BWP of the serving cell for maximum numbers of PDCCH candidates and non-overlapping CCEs per slot as in Tables 10.1-2 and 10.1-3. 
-	for SCS configuration , the UE monitors PDCCH on the active DL BWP of the serving cell for maximum numbers of PDCCH candidates and non-overlapping CCEs per group of  slots according to combination  for  and  for  as in Tables 10.1-2B and 10.1-3B.
[…]



We see the first part not essential at all, rather problematic. We believe the second part (and the following bullet describing the case where 480 or 960 kHz SCS is configured) would be sufficient to define the needed UE behaviors for multi-slot PDCCH monitoring before dedicated RRC configuration. Also, if we keep the first part as it is, it seems that a UE not supporting FR2-2 operation has to consider group of Xs slots as in Tables 10.1-2B and 10.1-3B. We do not think it would reflect RAN1’s intention correctly. Given above, we believe the first part should be removed.
We would like to point out that for the first paragraph, there was a sentence “If a UE is provided monitoringCapabilityConfig for a serving cell,” at the beginning. This sentence can be revived in our view to clarify the paragraph is for the case the corresponding RRC parameters are available. 
Taking above into account, we propose the following TP. 

Proposal 1: Adopt the following TP:
· Reason for change: UE behavior for PDCCH monitoring if monitoringCapabilityConfig is not configured is described twice, one of which have unintended impact on UE behaviors in other than FR2-2. 
· Summary of change: Remove one of the parts describing if monitoringCapabilityConfig is not configured, and clarify that the description on PDCCH monitoring granularity focuses only on when monitoringCapabilityConfig is configured. 
· Consequences if not approved: UE, including the one operating in other than FR2-2 is always required to support and perform multi-slot PDCCH monitoring
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[Unchanged part omitted]
If a UE is provided monitoringCapabilityConfig for a serving cell, theA UE obtains an indication to monitor PDCCH on the active DL BWP of the serving cell for a maximum number of PDCCH candidates and non-overlapping CCEs 
-	per slot, as in Tables 10.1-2 and 10.1-3, if monitoringCapabilityConfig = r15monitoringcapability, or 
-	per span, as in Tables 10.1-2A and 10.1-3A, if monitoringCapabilityConfig = r16monitoringcapability, or
-	per group of  slots according to combination , as in Tables 10.1-2B and 10.1-3B, if monitoringCapabilityConfig = r17monitoringcapability or if monitoringCapabilityConfig is not provided
The remaining of this clause, including clause 10.1, considers that a UE is provided monitoringCapabilityConfig for a serving cell. If the UE is not provided monitoringCapabilityConfig for the serving cell, corresponding statements that the UE is provided monitoringCapabilityConfig for the serving cell are substituted as follows
-	for SCS configuration , the UE monitors PDCCH on the active DL BWP of the serving cell for maximum numbers of PDCCH candidates and non-overlapping CCEs per slot as in Tables 10.1-2 and 10.1-3. 
-	for SCS configuration , the UE monitors PDCCH on the active DL BWP of the serving cell for maximum numbers of PDCCH candidates and non-overlapping CCEs per group of  slots according to combination  for  and  for  as in Tables 10.1-2B and 10.1-3B.
[Unchanged part omitted]




2.2. Possible configurations for Type 1 CSS without dedicated RRC
At the last RAN1 e-meeting, the following has been endorsed:
	Agreement
Revise the RAN1#107bis-e agreement/working assumption:
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 that can be configured for SCS 480kHz and 960kHz:
{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 Offset O values that can be configured: {0, 4, 8,  …, } 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 XsL slots
· FFS: details of offset The configured offset is restricted to be an integer multiple of L slots
· For duration-r17
· The values represent slots
· The value range is {8, 12, …, 20476}
· If duration-r17 is absent, the UE assumes the duration in slots is equal to L
· The UE ignores duration-r17 for DCI format 2_0
· The configured duration is restricted to be an integer multiple of XsL slots at least for Group (1) SSs
· The maximum duration is one less slot group of L slots than the configured periodicity
· FFS: need to revise the definition of durationduration-r17 is the total number of slots in consecutive groups of L slots in which a Search Space can exist in every period as given by monitoringPeriodicityAndOffset-r17
· 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 bitsTwo sizes L are supported for this parameter: L=4 bits and L=8 bits
· Each bit in monitoringSlotsWithinSlotGroup-r17 represents a slot in a slot group of L slots
· The parameter monitoringSlotsWithinSlotGroup-r17 is applied in each of the L slots as determined by monitoringSlotPeriodicityAndOffset-r17 and duration-r17.
· A slot in the slot each group of L slots is configured for multi-slot PDCCH monitoring if the corresponding bit in the slot group monitoringSlotsWithinSlotGroup-r17 is set to '1'
· Note: Further configuration of the monitoring symbols in such a slot is done by monitoringSymbolsWithinSlot
· For Group (1) SSs
· The slots indicated in the bitmap should be consecutive per group of L slots
· The number of slots configured for multi-slot PDCCH monitoring per slot group of  slots should be no larger than  according to at least one of the  supported by a UE
· Working assumption: For Group (2) SSs
· For Type0/0A/2 CSS
· The slots indicated in monitoringSlotsWithinSlotGroup-r17 are not restricted to be consecutive
· The number of slots configured for multi-slot PDCCH monitoring in monitoringSlotsWithinSlotGroup-r17 can be up to L
· For Type1 CSS without dedicated RRC
· The number of slots configured for multi-slot PDCCH monitoring in monitoringSlotsWithinSlotGroup-r17 per slot group of  slots should be no larger than M, where M is FFS




As can be seen above, an FFS point remains for Type 1 CSS without dedicated RRC. RAN1 has to decide maximum number of slots configured for multi-slot PDCCH monitoring in monitoringSlotsWithinSlotGroup-r17 per slot group of Xs slots. 
Type 1 CSS without dedicated RRC is configured by PDCCH-ConfigCommon during Random Access procedure. The corresponding parameter ra-SearchSpace refers to SearchSpaceId, where there is no additional restriction on the exact SS configuration. 
This is the same handling as in Rel-15, and also the same as for Type 0/0A/2 CSS in Rel-17 52.6-71GHz. However, it can be an issue only for Type 1 CSS without dedicated RRC. For Type 0/0A/2 CSS, the exact search spaces are actually associated with the reception of a SSB beam (i.e., following Type-0 PDCCH monitoring). Thus, a UE may not need to expect back-to-back monitoring for such search spaces. On the other hand, Type 1 CSS without dedicated RRC does not have such restriction. Therefore, it may be possible for NW to configure related RRC parameters which requires back-to-back PDCCH monitoring, meaning that UE has to be able to expect such configuration. 
To resolve this issue, we see two potential ways forward on the exact value for M. One is to restrict M to be always 1, so that at most one slot can be configured for monitoring of Type 1 CSS without dedicated RRC per slot group. This restriction would be similar to the one for Type 1 CSS with dedicated RRC, Type 3 CSS and USS. It can avoid back-to-back monitoring due to Type 1 CSS without dedicated RRC. We think it can be achieved per specification by 1) informing RAN2 that it needs to be captured in the description for the corresponding RRC parameter, and 2) modifying some texts in the corresponding FG in Rel-17 PHY UE feature list. 
Another way is to allow M to be up to L, i.e., same treatment as for Type 0/0A/2 CSS as captured in the WA above. We think it can also work with no issue since back-to-back monitoring can be avoided by proper configuration at NW. Moreover, this is the same handling as in Rel-15 FG3-1, which has been considered as baseline for Type 0/0A/2 CSS in Rel-17 52.6-71GHz WI. We slightly prefer the latter approach (i.e. allow M to be up to L) since it doesn’t require no specification impact at all. 
Given above, we propose the following:

Proposal 2: For Type1 CSS without dedicated RRC, the number of slots configured for multi-slot PDCCH monitoring in monitoringSlotsWithinSlotGroup-r17 per slot group of X_s slots (i.e., M) should be either of the following, while we prefer Alt-2: :
· Alt-1: 1
· Alt-2: L (i.e., same handling as for Type 0/0A/2 CSS)

3. Conclusion
Proposal 1: Adopt the following TP:
· Reason for change: UE behavior for PDCCH monitoring if monitoringCapabilityConfig is not configured is described twice, one of which have unintended impact on UE behaviors in other than FR2-2. 
· Summary of change: Remove one of the parts describing if monitoringCapabilityConfig is not configured, and clarify that the description on PDCCH monitoring granularity focuses only on when monitoringCapabilityConfig is configured. 
· Consequences if not approved: UE, including the one operating in other than FR2-2 is always required to support and perform multi-slot PDCCH monitoring
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[Unchanged part omitted]
If a UE is provided monitoringCapabilityConfig for a serving cell, theA UE obtains an indication to monitor PDCCH on the active DL BWP of the serving cell for a maximum number of PDCCH candidates and non-overlapping CCEs 
-	per slot, as in Tables 10.1-2 and 10.1-3, if monitoringCapabilityConfig = r15monitoringcapability, or 
-	per span, as in Tables 10.1-2A and 10.1-3A, if monitoringCapabilityConfig = r16monitoringcapability, or
-	per group of  slots according to combination , as in Tables 10.1-2B and 10.1-3B, if monitoringCapabilityConfig = r17monitoringcapability or if monitoringCapabilityConfig is not provided
The remaining of this clause, including clause 10.1, considers that a UE is provided monitoringCapabilityConfig for a serving cell. If the UE is not provided monitoringCapabilityConfig for the serving cell, corresponding statements that the UE is provided monitoringCapabilityConfig for the serving cell are substituted as follows
-	for SCS configuration , the UE monitors PDCCH on the active DL BWP of the serving cell for maximum numbers of PDCCH candidates and non-overlapping CCEs per slot as in Tables 10.1-2 and 10.1-3. 
-	for SCS configuration , the UE monitors PDCCH on the active DL BWP of the serving cell for maximum numbers of PDCCH candidates and non-overlapping CCEs per group of  slots according to combination  for  and  for  as in Tables 10.1-2B and 10.1-3B.
[Unchanged part omitted]



Proposal 2: For Type1 CSS without dedicated RRC, the number of slots configured for multi-slot PDCCH monitoring in monitoringSlotsWithinSlotGroup-r17 per slot group of X_s slots (i.e., M) should be either of the following, while we prefer Alt-2: :
· Alt-1: 1
· Alt-2: L (i.e., same handling as for Type 0/0A/2 CSS)
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