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 Introduction
According to the outcome of the study item on supporting NR above 52.6 GHz [1], in 3GPP RAN #91 plenary e-meeting in March 2021, an update WID RP-210862 [2] was approved to extend NR operation up to 71 GHz considering both licensed and unlicensed operation. In the WID, some objectives related to PDCCH monitoring enhancements were given and are excerpted as follows. 
· Physical layer aspects including [RAN1]:
· [bookmark: _Hlk58583563][bookmark: _Hlk26996217]In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 
[bookmark: _Hlk58594267]Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
· [bookmark: _Hlk58595024]Support enhancement to PDCCH monitoring, including blind detection/CCE budget, and multi-slot span monitoring, potential limitation to UE PDCCH configuration and capability related to PDCCH monitoring.
In the RAN1 #106 e-meeting in August 2021, the following agreements related to PDCCH monitoring were reached.
 Agreement:
For reporting the multi-slot PDCCH monitoring capability, at least the following values are supported:
· X=4 slots for SCS 480 kHz
· X=8 slots for SCS 960 kHz
Agreement:
· Revise Alt 1 in previous agreement to the following (this agreement does not select Alt. 1):
· Alt 1: Use a fixed pattern of slot groups as the baseline to define the new capability. 
· Each slot group consists of X slots
· Slot groups are consecutive and non-overlapping
· The capability indicates the BD/CCE budget within Y consecutive slots in each slot group separately
· Further discuss down-selection of Y within 1<=Y<=X/2 (both in units of slot) when X>1
· FFS: Supported values/constraints of X and Y, e.g. Y<=X, Y=X
· FFS: Restrictions on location of the Y slots within a slot group, e.g. the Y slots always start at the first slot within a slot group
· FFS: Further definition of capabilities
· FFS: What the UE capability defines for monitoring within the Y slots
Agreement:
Revise prior agreement including modifications to Alt. 1 as follows:
· Alt. 1: Use a fixed pattern of slot groups as the baseline to define the new capability. 
· Each slot group consists of X slots
· Slot groups are consecutive and non-overlapping
· The capability indicates the BD/CCE budget within Y consecutive slots in each slot group separately
· The location of the Y slots within the X slots is maintained across different slot groups
· Further discuss down-selection of Y within 1<=Y<=X/2 (both in units of slot) when X>1
· FFS: Restrictions on location of the Y slots within a slot group, e.g. the Y slots always start at the first slot within a slot group
· FFS: Further definition of capabilities
· FFS: The following issues for the search space configuration discussion
· Whether a slot group is aligned with a slot boundary
· Restrictions on location of the Y slots within a slot group, e.g. whether to restrict the location of a SS to be within the first Y slots within a slot group
· FFS: What the UE capability defines for monitoring within the Y slots
Agreement:
· A UE supporting 480 kHz SCS supports multi-slot PDCCH monitoring for 480 kHz SCS.
· A UE supporting 960 kHz SCS supports multi-slot PDCCH monitoring for 960 kHz SCS.
· FFS: whether to apply multi-slot PDCCH monitoring at all times and for all search spaces.
In this contribution, we give our views on PDCCH monitoring enhancements for NR between 52.6 GHz ~ 71 GHz.
 Discussion on PDCCH monitoring enhancements
2.1 	PDCCH Blind detection
In Rel-15/16 NR, the maximum number of non-overlapped CCEs and monitored PDCCH candidates per slot for a DL BWP of SCS 15~120 kHz decreases with increasing SCS, respectively. For the newly introduced SCS i.e. 480/960 kHz in Rel-17 NR above 52.6 GHz, the length of the slot becomes shorter. If a UE detects PDCCH in each slot, PDCCH monitoring will be too frequent, which will not only increase the power consumption of the UE, but also increase the UE detection complexity and impact UE capability. Moreover, if we continue to reduce the maximum number of non-overlapped CCEs and PDCCH candidates per slot for above higher SCSs along the downward trend, the flexibility of scheduling will be affected and the PDCCH load will be too heavy resulting in blocking. There are three ways discussed and summarized to solve the above problems, Alt 1 has been suggested and supported by most of the companies in RAN1#106 e-meeting.
· Alt 1: Use a fixed pattern of slot groups as the baseline to define the new capability
In Alt 1, each slot group with a fixed pattern consists of X slots and slot groups are consecutive and non-overlapping. The capability indicates the BD/CCE budget within Y consecutive slots in each slot group separately. If parameter X and Y are properly restricted, we can not only avoid back-to-back issue, but also enable gNB flexibility to configure CSS/USS.
Firstly, in order to reduce the configuration complexity, we suggest the slot group can always be aligned with a slot boundary. Even though the multi-slot monitoring not starting from boundary can to some extent improve the scheduling flexibility, this can also resulting in introducing new configuration parameters, e.g. the offset between a slot boundary and the multi-slot monitoring starting point. Furthermore, we can enable gNB flexibility through properly restrict the value and location of X and Y.
The values of X should be configurable for more flexible operation in above 52.6 GHz band, that depend on UE capability. Firstly, X= 4 slots for 480 kHz and X= 8 slots for 960 kHz to align the absolute time of a slot with 120 kHz SCS with the existing PDCCH monitoring capability should be supported. In addition, smaller numbers of slots of X can be investigated. For example, X=2 slots for 480 kHz and X=2 or 4 slots for 960 kHz can also be considered. Although the number of BD/CCE shall be strictly limited for per slot PDCCH monitoring, it still has many usage scenarios, such as in low latency traffic and flexible scheduling case. Per-slot PDCCH monitoring can be considered as a special case of multi-slot PDCCH monitoring, thus UE capability for per slot PDCCH monitoring (X = 1) should not be precluded. A UE can indicate a capability to monitor multi-slot or per-slot PDCCH on the active DL BWP of the serving cell.
For whether to restrict that PDCCH monitoring occasion (MO) can only be configured in a subset of slots (i.e. Y consecutive slots) with fixed positions in a slot group with X slots, in principle, we think a gNB should be allowed to configure PDCCH MO in any slots/symbols of the slot groups, that is, Y can be equal to X slots. The location and number of PDCCH MO slots/symbols can be decided by the gNB configuration. But considering the potential back-to-back monitoring issues, it may be best to set 1≦Y≦X/2 when X>1 and Y=X when X=1 (X and Y both in units of slot). Considering larger Y value results in better gNB flexibility but higher UE complexity, we propose that Y should be a configurable value.
The location of the Y slots within the X slots maintaining across different slot groups can avoid back-back monitoring issue, i.e. Y=1 slot, as shown in Figure 1. In addition, in order to avoid introducing new configuration parameters, reducing the complexity of configuration and BD/CCE dropping, the location of PDCCH monitoring can be restricted to always be on the first Y slot(s) within the slot group.
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Figure 1: A fixed pattern of slot groups (e.g. X=4 slots, Y=1 slot with 480kHz SCS)
In term of what the UE capability defines for monitoring within the Y slots, the configuration of Type0-PDCCH CSS for SSB/CORESET#0 should be considered. In RAN1#106 e-meeting, Regarding the ‘controlResourceSetZero’ configuration for {SSB, CORESET#0/Type0-PDCCH} = {480, 480} kHz and {960, 960} kHz, multiplexing pattern 1 is supported. We know on the basis of Rel-15: For the SS/PBCH block and CORESET multiplexing pattern 1, a UE monitors PDCCH in the Type0-PDCCH CSS set over two consecutive slots. Moreover, two consecutive slots’ time domain location relies on the SS/PBCH block of the UE, it is hard to make sure that both Type 0/0A/1(without dedicated RRC configuration)/2 CSS sets and other Type of CSS/USS sets fall into the fixed Y slot of multi-slot PDCCH monitoring pattern. Therefore, the definition  “the capability indicates the BD/CCE budget within Y slot(s) in each slot group” in Alt1 can be inappropriate since the Type 0/0A/1(without dedicated RRC configuration)/2 CSS sets monitoring issue is still under discussion. There are several ways for tackling the problem:

(1) Flexible Y location within X slots 
If Y can locate in any slots/symbols of the slot groups, in this case the Type 0/0A/1(without dedicated RRC configuration)/2 CSS sets monitoring will not be an issue. However, flexible Y location within X slots will potentially cause back-to-back monitoring issues. We recommend fixing the location of Y slots within the X slots as we mentioned above.
(2) Change default CSS configuration
Considering the situation when X=2 slots and Y=1 slot, it is impossible for a UE to both monitor PDCCH in the Type0-PDCCH CSS set over two consecutive slots as in Rel-15/16 and accommodate the multi-slot PDCCH monitoring pattern. Instead of monitoring PDCCH over two consecutive slots, a UE monitors PDCCH over a certain slot M and slot (M+X). This option needs to be addressed in agenda item 8.2.1.
(3) Differentiate PDCCH monitoring capability for different type of CSS
According to Rel-15/16, Type 0/0A/1(without dedicated RRC configuration)/2 CSS sets are not restricted in Y slots, in other words, they can locate in anywhere within a slot group. Other type of CSS/USS sets should fit in the fixed multi-slot PDCCH monitoring pattern and the BD/CCE budget calculation should be joint for all the SSs. Furthermore, the definition  “the capability indicates the BD/CCE budget within the first Y slot(s) in each slot group” in Alt1 can be replaced by “the capability indicates the BD/CCE budget within each slot group and at least Type 1(with dedicated RRC configuration)/3 CSS and USS locate within Y consecutive slots”
To sum up, we suggest considering the solution(2)/(3) and fixing the location and value of the Y slots within the X slots. As Alt 1 is the simplest and has the lowest standardization complexity, so it could be the basis for defining multi-slot PDCCH monitoring capability.
· Alt 2：Use an (X, Y) span as the baseline to define the new capability
Alt 2 uses the Rel-16 capability (pdcch-Monitoring-r16, (X, Y) span) as the baseline to define the new capability for multi-slot PDCCH monitoring, wherein X is the minimum time separation between the start of two consecutive spans. 
The main difference between Alt 2 and Alt 1 is that: Alt 1 uses a fixed pattern of slot groups each with X slots. If the X slots consisting a slot group in Alt 1 are regarded as a window, then the length of different windows is constant, and the different windows are consecutive and non-overlapping. However, for Alt 2, the different windows are still non-overlapping, but may not be consecutive if the X slots in Alt 2 are regarded as a window too. The reason is that X is the minimum span separation and the actual time span separation is not constant, as shown in Figure 2.
Same as Alt 1, X=4 slots separation for 480kHz and X=8 slots separation for 960kHz should be supported to align the absolute time with per slot UE capability for PDCCH monitoring with 120 kHz. In order to acquire lower latency performance and sufficient scheduling flexibility, the values of X equal to {1, 2} for 480kHz SCS and {1, 2, 4} for 960kHz SCS can also be considered. Y can also be equal to X but it may result in back to back slot configuration, thus the values of Y slots can be restricted. The capability indicates the BD/CCE budget within a span of at most Y consecutive slots. Y should be equal to or less than X/2 for multi-slot PDCCH monitoring condition.
Compared with Alt 1, Alt 2 is more complex. It is not easy to determine the actual span separations, the length of spans, repeated span pattern, as well as crossing slot boundaries. Therefore, we think that Alt 2 could be de-prioritized.
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Figure 2: Multi-slot span
· Alt 3：Use a sliding window of X slots as the baseline to define the new capability
Alt 3 with a sliding window mainly solves the problem that the number of BD/CCE in back-to-back slot configuration may exceed UE capability of PDCCH monitoring. It requires that the maximum number of BD/CCE in each sliding window should not exceed UE capability. In Alt 3, the different windows are sliding and can overlap. The basic unit of a sliding window can be one slot. Alt 3 ensures that the BD/CCE budget will not be exceeded over any X slots duration on the UE side.
Alt 3 makes PDCCH monitoring more complex, especially in PDCCH monitoring dropping and power efficiency. Furthermore, back-to-back issue can be avoided by proper configuration in Alt 1 and Alt 2. Thus we don’t see there is a need to support a sliding window in Alt 3.
Proposal 1: Alt 1 using a fixed pattern of slot groups is preferred as the baseline to define the new capability for PDCCH monitoring with the new SCSs 480/960 kHz:
· Each slot group consists of X slots 
· X={1, 2, 4} slots for 480 kHz SCS
· X= {1, 2, 4, 8} slots for 960 kHz SCS
· Slot groups are consecutive and non-overlapping
· A slot group should be aligned with a slot boundary
· [bookmark: OLE_LINK3]The capability indicates the BD/CCE budget within each slot group and at least Type 1(with dedicated RRC configuration)/3 CSS and USS locate within Y consecutive slots
· For multi-slot PDCCH monitoring, 1≦Y≦X/2 when X>1 and Y=X when X=1 (X and Y both in units of slot)
· Y is always the first Y slot(s) within each slot group
· The locations of the PDCCH monitoring symbols should not be restricted
· To solve the initial access related CSS sets monitoring issues, consider changing default CSS configuration or differentiating PDCCH monitoring capability
2.2 	Search space set configuration
If a fixed pattern of slot groups to define the new capability for PDCCH monitoring is adopted, when configuring the search space set by higher layer parameter monitoringSlotPeriodicityAndOffset, the gNB needs to ensure that PDCCH monitoring periodicity , the duration TS is an integral multiple of X slots (X slots consists a slot group), or is an integral multiple of slot groups, i.e.  and TS are in the units of slot group. For example, if a slot group includes four slots (X=4), the duration TS can be configured as 4, 8, 12, 16, ... of slots. Alternatively, the duration TS can be configured as 1, 2, 3, 4, ... of slot groups, i.e. the basic granularity of the duration TS should be defined as a slot group. Figure 3 gives one configuration type in a slot group, e.g., PDCCH MO is configured in the first slot within the slot group.
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Figure 3: Configurations if a fixed pattern of slot groups is supported
Multiple PDSCH/PUSCH scheduling with a single DCI being discussed in agenda item 8.2.5 can not only save DCI overhead, but also reduce PDCCH monitoring frequency without sacrificing scheduling flexibility. Therefore, the design of the new UE capability for PDCCH monitoring, search space set configuration can be considered in combination with multiple PDSCH/PUSCH scheduling by a single DCI.
Proposal 2: PDCCH monitoring periodicity  and the duration TS of the search space sets should be configured as an integral multiple of a slot group, if a fixed pattern of slot groups to define the new capability for PDCCH monitoring is supported.
2.3  Search space set group switching
Search Space Set Group (SSSG) Switching was introduced in Rel-16 NR-U. In order to reduce access delay and save power, the SSSG monitoring periodicity/granularity is increased or decreased according to the channel access procedure. UE has to support frequent PDCCH monitoring outside gNB-COT and infrequent PDCCH monitoring inside COT. The existing SSSG switching is applied for SCS 15/30/60 kHz, for SSSG switching on large SCS values like 120, 480 and 960 kHz, UE needs to dynamically change between two PDCCH monitoring periodicity/granularity. SSS switching operation is also related to whether per slot PDCCH monitoring is supported. Besides, the switching time   with all SCSs supported in above 52.6 GHz needs to be defined if SSSG switching is agreed to be supported. 
Proposal 3: Support SSSG switching for SCS 120/480/960 kHz, and the following points can be further studied:
· SSSG switching between two different periodicities of multi-slot PDCCH monitoring or between multi-slot and per-slot monitoring if per-slot monitoring is supported for 480/960 kHz
· The switching time   with all SCSs supported in above 52.6 GHz
2.4 	BD budget/dropping
In NR Rel-15, according to the UE capability on the maximum number of BDs/CCEs in a slot, the SS set dropping rule is only allowed for PCell or PSCell and gNB should guarantee that the configured CSS sets do not exceed a UE’s capability. The specific configuration in Rel-15 Clause 10.1 of TS 38.213 is as follows.
	A UE does not expect to be configured CSS sets that result to corresponding total, or per scheduled cell, numbers of monitored PDCCH candidates and non-overlapped CCEs per slot that exceed the corresponding maximum numbers per slot.

For same cell scheduling or for cross-carrier scheduling where a scheduling cell and scheduled cell(s) have DL BWPs with same SCS configuration , a UE does not expect a number of PDCCH candidates, and a number of corresponding non-overlapped CCEs per slot on a secondary cell to be larger than the corresponding numbers that the UE is capable of monitoring on the secondary cell per slot.


For 480/960kHz SCS in above 52.6GHz, the similar dropping rule as in Rel-15 can be extended for multi-slot PDCCH monitoring capability. The SS set dropping rule is only allowed for PCell or PSCell and gNB should guarantee that the configured CSS sets do not exceed a UE’s capability. The proposed modifications for spec are as follows:
	A UE does not expect to be configured CSS sets that result to corresponding total, or per scheduled cell, numbers of monitored PDCCH candidates and non-overlapped CCEs per slot group that exceed the corresponding maximum numbers per slot group.

For same cell scheduling or for cross-carrier scheduling where a scheduling cell and scheduled cell(s) have DL BWPs with same SCS configuration , a UE does not expect a number of PDCCH candidates, and a number of corresponding non-overlapped CCEs per slot group on a secondary cell to be larger than the corresponding numbers that the UE is capable of monitoring on the secondary cell per slot group.


Regarding USS set dropping in multi-slot PDCCH monitoring, same as in Rel-15, a USS set with higher SS set index is dropped. There are two alternative options when the USS set is configured in multiple slots, 
Alt1: The USS set in multiple slots with higher SS set index is dropped slot by slot when overbooking happens.
Alt2: The whole USS set in multiple slots with higher SS set index is dropped when overbooking happens.
Considering configuration and standardization complexity, we slightly prefer Alt 2 even though Alt1 can save more slots of USS.
Proposal 4: For multi-slot PDCCH monitoring capability, the similar dropping rule as Rel-15 can be used.
· The SS set dropping rule is only allowed for PCell or PSCell
· The gNB should guarantee that the configured CSS sets do not exceed a UE’s capability
· The whole USS set in multiple slots with higher SS set index is dropped when overbooking happens.
2.5 	Cross-carrier scheduling
The cross-carrier scheduling here mainly refers to cross-carrier scheduling of a cell within 52.6-71GHz band from/to a cell within FR1/FR2. Although a cell within 52.6-71GHz band cross-carrier schedules other cells within FR1/FR2 is less likely, it should not be ruled out unless we find enough proof. Similarly, we do not think that we can rule out the case of a cell with low SCS (e.g. 15kHz) cross-carrier schedules other cells with high SCS (e.g. 480kHz) in this phase before sufficient research. Moreover, in order to further reduce the scheduling complexity, we support the cross-carrier scheduling via adding some restrictions.
Proposal 5: Cross-carrier scheduling of a cell within 52.6-71 GHz band from/to a cell within FR1/FR2 is supported, at least for |μPDCCH − μPDSCH | ≤ k.
Another problems related to cross-carrier scheduling are minimum PDSCH scheduling delay and minimum A-CSI- RS trigger delay. In Rel-15/16 NR, cross-carrier scheduling only supports four cases of PDCCH with u = 0, 1, 2 and 3, as given in Table 5.5-1 and Table 5.2.1.5.1a in TS 38.214. The 120kHz SCS in above 52.6GHz band can reuse the value of u = 3. But the values of µPDCCH with 480/960kHz SCS needs to be determined. The same values of µPDCCH for minimum PDSCH scheduling delay and minimum A-CSI-RS trigger delay can be used for 480/960kHz SCS.
TS 38.214 Table 5.5-1: Npdsch as a function of the subcarrier spacing of the scheduling PDCCH
	µPDCCH
	Npdsch [symbols]

	0
	4

	1
	5

	2
	10

	3
	14



TS 38.214 Table 5.2.1.5.1a: Ncsirs as a function of the subcarrier spacing of the triggering PDCCH
	µPDCCH
	Ncsirs [symbols]

	0
	4

	1
	5

	2
	10

	3
	[14]


Proposal 6: The values of µPDCCH with 480/960kHz SCS for minimum PDSCH scheduling delay and minimum A-CSI-RS trigger delay should be determined.
2.6 	PDCCH Extension
For the newly introduced SCS i.e. 480/960 kHz in Rel-17 NR above 52.6 GHz, the length of the slot/symbol becomes shorter. Given the current CORESET configuration in Rel-16, the PDCCH is transmitted on up to 3 OFDM symbols which are quite short and limited. In addition, since a single DCI can schedule multiple PDSCH/PUSCH over multi-slot PDCCH monitoring slots, the DCI transmission reliability is essential to the data transmission efficiency and system performance. Therefore, we suggest considering a duration of more than 3 OFDM symbols for 480/960 kHz SCS since it is beneficial for improving PDCCH coverage and PDCCH monitoring capability.
Proposal 7: Considering a duration of more than 3 OFDM symbols for 480/960 kHz SCS in Rel-17 NR above 52.6 GHz.
 Conclusion
In this contribution, we discuss PDCCH monitoring enhancements for NR above 52.6 GHz band operation and have the following proposals.
Proposal 1: Alt 1 using a fixed pattern of slot groups is preferred as the baseline to define the new capability for PDCCH monitoring with the new SCSs 480/960 kHz:
· Each slot group consists of X slots 
· X={1, 2, 4} slots for 480 kHz SCS
· X= {1, 2, 4, 8} slots for 960 kHz SCS
· Slot groups are consecutive and non-overlapping
· A slot group should be aligned with a slot boundary
· The capability indicates the BD/CCE budget within  each slot group and at least Type 1(with dedicated RRC configuration)/3 CSS and USS locate within Y consecutive slots
· For multi-slot PDCCH monitoring, 1≦Y≦X/2 when X>1 and Y=X when X=1 (X and Y both in units of slot)
· Y is always the first Y slot(s) within each slot group
· The locations of the PDCCH monitoring symbols should not be restricted
· To solve the initial access related CSS sets monitoring issues, consider changing default CSS configuration or differentiating PDCCH monitoring capability
Proposal 2: PDCCH monitoring periodicity  and the duration TS of the search space sets should be configured as an integral multiple of a slot group, if a fixed pattern of slot groups to define the new capability for PDCCH monitoring is supported.
Proposal 3: Support SSSG switching for SCS 120/480/960 kHz, and the following points can be further studied:
· SSSG switching between two different periodicities of multi-slot PDCCH monitoring or between multi-slot and per-slot monitoring if per-slot monitoring is supported for 480/960 kHz
· The switching time   with all SCSs supported in above 52.6 GHz
Proposal 4: For multi-slot PDCCH monitoring capability, the similar dropping rule as Rel-15 can be used.
· The SS set dropping rule is only allowed for PCell or PSCell
· The gNB should guarantee that the configured CSS sets do not exceed a UE’s capability
· The whole USS set in multiple slots with higher SS set index is dropped when overbooking happens.
Proposal 5: Cross-carrier scheduling of a cell within 52.6-71 GHz band from/to a cell within FR1/FR2 is supported, at least for |μPDCCH − μPDSCH | ≤ k.
Proposal 6: The values of µPDCCH with 480/960kHz SCS for minimum PDSCH scheduling delay and minimum A-CSI-RS trigger delay should be determined.
Proposal 7: Considering a duration of more than 3 OFDM symbols for 480/960 kHz SCS in Rel-17 NR above 52.6 GHz.
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