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1	Introduction
In RAN#91-e, a revised work item for supporting NR from 52.6 GHz to 71 GHz in NR Rel. 17 has been approved with following objectives for physical layer impacts in [1]:
· 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
· Time line related aspects adapted to 480kHz and 960kHz, e.g., BWP and beam switching timeing, HARQ timing, UE processing, preparation and computation timelines for PDSCH, PUSCH/SRS and CSI, respectively. 
· Support of up to 64 SSB beams for licensed and unlicensed operation in this frequency range. 
· Supports 120kHz SCS for SSB and 120kHz SCS for initial access related signals/channels in an initial BWP.
· Study and specify, if needed, additional SCS (240kHz, 480kHz, 960kHz) for SSB, and additional SCS(480kHz, 960kHz) for initial access related signals/channels in initial BWP.
· Study and specify, if needed, additional SCS (480kHz, 960kHz) for SSB for cases other than initial access.
· Note: coverage enhancement for SSB is not pursued.
· Specify timing associated with beam-based operation to new SCS (i.e., 480kHz and/or 960kHz), study, and specify if needed, potential enhancement for shared spectrum operation
· Rel-15/16 and any Rel-17 beam management enhancements can be considered for 52.6-71 GHz. Whether particular features should be excluded for 52.6-71 GHz can be further discussed
· Note: As per usual procedure, duplication of work between work items in Rel-17 should be avoided
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
· Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI
Note: coverage enhancement for multi-PDSCH/PUSCH scheduling is not pursued
· [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.
· [bookmark: _Hlk58594915]Specify support for PRACH sequence lengths (i.e. L=139, L=571 and L=1151) and study, if needed, specify support for RO configuration for non-consecutive RACH occasions (RO) in time domain for operation in shared spectrum 
· Evaluate, and if needed, specify the PTRS enhancement for 120kHz SCS, 480kHz SCS and/or 960kHz SCS, as well as DMRS enhancement for 480kHz SCS and/or 960kHz SCS.

Furthermore, following agreement related to PDCCH monitoring have been made in RAN1#104-e [2]:

In this contribution, we provide our views on following enhancements for PDCCH monitoring for NR operation between 52.6 GHz to 71 GHz with newly agreed SCS values including 480kHz and 960kHz:
· Multi-slot PDCCH monitoring
· PDCCH monitoring restrictions
· PDCCH multi-beam aspects
2	Multi-slot PDCCH monitoring
In RAN1#104-e, following agreement related to multi-slot PDCCH monitoring has been made [2]:
Agreement:
Choose one of the following alternatives for defining the multi-slot PDCCH monitoring capability
· Alt 1: A fixed pattern of N slots. 
· Alt 2: Use the Rel-16 capability (pdcch-Monitoring-r16, (X, Y) span) as the baseline to define the new capability
· FFS: Values of X and Y and units in which they are defined 
· FFS: Whether number of slots within which the number of monitoring occasions is counted is needed and if needed, the value of the number of slots
· Alt 3: A sliding window of N slots for defining multi-slot PDCCH monitoring capability. 
· FFS: Increments in which sliding occurs
· Specific numbers for X, Y and N may depend on UE capability and gNB configuration
· Examples: 
· N = [4] slots for 480 kHz SCS and N = [8] slots for 960 kHz SCS
· X = [4] slots for 480 kHz SCS and X = [8] slots for 960 kHz SCS

Furthermore, more details for the three alternatives above were discussed in RAN1#104-e, but not yet agreed:
· 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 [symbols or slots] in each slot group
· FFS: Supported values/constraints of X and Y, e.g. Y<=X, Y=X
· FFS: Restrictions on location of the Y [symbols or slots] within a slot group, e.g. the Y [symbols or slots] always start at the first slot within a slot group
· FFS: Capability definition within a slot if Y is in the unit of slots
· Alt 2: Use an (X, Y) span as the baseline to define the new capability
· X is the minimum time separation between the start of two consecutive spans
· The capability indicates the BD/CCE budget within a span of at most Y consecutive [symbols or slots] 
· Y <= X
· FFS: Exact values of X and Y and units in which they are defined (e.g., symbols, slots), including cases where a span is longer than one slot or crosses a slot boundary. 
· FFS: What is a span pattern, how it is defined and whether it is supported. If it is supported, whether number of slots within which the span pattern is repeated is needed, and if needed, the value of the number of slots. 
· Alt 3: Use a sliding window of X slots as the baseline to define the new capability. 
· The capability indicates the BD/CCE budget within the sliding window
·  The sliding unit of the sliding window is [1] slot.
· FFS: Capability definition within a slot
· Specific numbers for X, Y may depend on UE capability and gNB configuration

Two illustrations of Alt 1 are shown in Figure 1. In Figure 1 (a), a slot group with X = 4 slots and Y = 1 slot is shown where the PDCCH monitoring occasion is fixed at the first slot within a slot group. With this configuration, the PDCCH monitoring capability per slot group can be defined and back-to-back PDCCH monitoring occasion across two consecutive slot groups can be avoided. However, it can greatly reduce the flexibility in terms of PDCCH monitoring occasion. Especially if slot group of size 8 slots is defined for 960 kHz, then only after every 8th slot, the PDCCH monitoring occasion can be present. Therefore, in our view, such rigid configuration should be avoided.




(a) Example of Alt 1 with PDCCH monitoring occasion only at the beginning of slot group (X = 4 slots)



(b) Example of Alt 1 with PDCCH monitoring occasion in any slot within slot group (X = 4 slots)
Figure 1: Example of Alt 1 with fixed pattern of slot groups (X=4 slots, Y = 1 slot) for multi-slot PDCCH monitoring

Observation 1: For supporting NR between 52.6 GHz and 71 GHz for high subcarrier spacing values including 480kHz and 960kHz with multi-slot PDCCH monitoring, slot group configuration (Alt 1) with PDCCH monitoring occasion only at the beginning of slot group is beneficial to avoid back-to-back issue of PDCCH monitoring across two consecutive slot groups, but not preferable in terms of PDCCH monitoring flexibility.
Observation 2: For supporting NR between 52.6 GHz and 71 GHz for high subcarrier spacing values including 480kHz and 960kHz with multi-slot PDCCH monitoring, slot group configuration (Alt 1) with the possibility to have PDCCH monitoring occasion in any slot within a slot group is beneficial from PDCCH monitoring flexibility point of view, but could result in back-to-back issue of PDCCH monitoring across two consecutive slot groups.

Two illustrations of Alt 2 are shown in Figure 2 where Rel-16 like PDCCH monitoring span capability is extended for multiple slots to facilitate multi-slot PDCCH monitoring. The two examples are shown for 4-slot PDCCH monitoring. In Figure 2(a), the value of X is same as the multi-slot PDCCH duration i.e. 4 slots. Therefore, only one monitoring occasion can be expected within the 4 slot duration. In this example, the span duration Y = 2 slots in the first 2 slots for each of the 4 slot duration. Therefore, the UE capability of (X,Y) = (4,2) is maintained. In second example Figure 2 (b), for multi-slot PDCCH monitoring for 4 slots, (X,Y) = (3,2) are applied. In this case, two spans within the 4 slot duration can be possible. Therefore, as shown in Figure 2 (b), in the first 4 slots, there are two monitoring occasions (2 slots and 1 slot). Now since the principle of Rel-16 PDCCH monitoring span applies across slots as well i.e. the gap X between the start of two PDCCH monitoring occasions should always be maintained regardless of slot boundary. Similar principle can be extended here as shown in Figure 2 (b). Considering a 4-slot PDCCH monitoring, the gap of X=3 slots should always be maintained. Therefore, the issue of back-to-back PDCCH monitoring across consecutive multi-slots is not expected to happen as long as network configures according to UE capability.



(a) Example of Alt 2 with Rel-16 like mechanism with (X,Y) = (4,2) for 4-slot PDCCH monitoring



(b) Example of Alt 2 with Rel-16 like mechanism with (X,Y) = (3,2) for 4-slot PDCCH monitoring
Figure 2: Example of Alt 2 with Rel-16 like mechanism for PDCCH monitoring span
Observation 3: For supporting NR between 52.6 GHz and 71 GHz for high subcarrier spacing values including 480kHz and 960kHz with multi-slot PDCCH monitoring, if Rel-16 like mechanism with span is extended across multiple slots, then the PDCCH monitoring flexibility can be achieved, while also avoiding the issue of back-to-back PDCCH monitoring across continuous multi-slot groups. 
Another alternative that has been discussed in RAN1#104-e is Alt 3 where a new principle is introduced to have a sliding window of X slots such that the PDCCH monitoring capability is maintained within that window according to the reported UE capability. The main motivation is to avoid back-to-back PDCCH monitoring. However, as described above in Figure 2 (b), Rel-16 like span based PDCCH monitoring mechanism can be simply extended across multiple slots and the issue of back-to-back PDCCH monitoring is avoided. In our view, Alt 2 and Alt 3 can basically achieve the same thing and therefore Alt 2 should be agreed as it is a simple extension of exiting mechanism and would be easier to specify.
Proposal 1: For supporting NR between 52.6 GHz and 71 GHz with high subcarrier spacing values including 480kHz and 960kHz, support Alt 2 i.e. extension of (X, Y) PDCCH monitoring span for multi-slot PDCCH monitoring.
Furthermore, exact duration of the multi-slot PDCCH monitoring span can be configurable with different values in terms of number of slots depending upon the SCS values. In our view, with 480kHz SCS value, multi-slot PDCCH monitoring span should be 4 slots and with 960kHz SCS value, multi-slot PDCCH monitoring span should be 8 slots. For supporting lower values for either of the SCS value, it can be further considered if there is a strong motivation to do so.
Proposal 2: For supporting NR between 52.6 GHz and 71 GHz with high subcarrier spacing values including 480kHz and 960kHz, support 4-slot duration for 480 kHz and 8-slot duration for 960 kHz:
· These durations should be the basis for reporting the UE capabilities
· Any lower values should be considered only if there is strong motivation/benefit to do so
In addition to the mechanism for multi-slot PDCCH monitoring, also enhancements will be needed for the search space configuration to better facilitate any of the above alternatives. Currently, three main configuration parameters associated with SS configuration includes PDCCH monitoring periodicity, PDCCH monitoring duration within a period and a bitmap to indicate symbols for PDCCH monitoring within a slot. For any of the above three alternatives, one main criterion is that PDCCH monitoring will be configured across multiple slots (group of slots). Therefore, it would make sense to define periodicity only in multiple of these slot groups. Therefore, minimum periodicity should not be less than the multi-slot duration, for example 4 slots for 480 kHz SCS value and higher values of periodicity should be in multiples of 4 slots. Similarly, the duration should be defined in multiples of slot groups. 
Proposal 3: For supporting NR between 52.6 GHz and 71 GHz with high subcarrier spacing values including 480kHz and 960kHz, search space configuration should be enhanced to support (or restrict) the PDCCH monitoring periodicity and corresponding duration in multiples of slot groups rather than multiples of slots.
[bookmark: _Hlk67905373]Furthermore, in order to facilitate the flexibility for configuring any slot (including more than one slot) within a multi-slot duration for PDCCH monitoring occasion, the existing bitmap for symbols in the SS configuration is not efficient. For example, for 8 slots, the bitmap will be 14*8 bits long. Therefore, it would make sense to support additional slot-level bitmap for indicating PDCCH monitoring slots within the multi-slot duration. Then the symbol-level bitmap can be applied only to those slots that are indicated to be monitored. For example, if there is a 4-slot monitoring duration, then a slot-level bitmap “1010” would indicate that monitoring occasion is in slot 1 and slot 3. And if symbol-level bitmap is “ 11100000000000” is indicated, then that means for slot 1 and slot 3, PDCCH monitoring occasion is in the first 3 symbols, respectively.

Proposal 4: For supporting NR between 52.6 GHz and 71 GHz with high subcarrier spacing values including 480kHz and 960kHz, search space configuration should be enhanced to support slot-level bitmap to indicate the slots where PDCCH monitoring is configured for a multi-slot PDCCH monitoring (for example, if there is a 4-slot monitoring duration, then a slot-level bitmap “1010” would indicate that monitoring occasion is in slot 1 and slot 3)
3	PDCCH monitoring effort restrictions
In our view, if new DCI format can be agreed to be supported for high SCS values such as 480kHz and 960kHz, then PDCCH monitoring can be further reduced by restricting the need for UE to monitor other DCI formats for scheduling DL/UL such as DCI format 0_1 and format 1_1. If such restriction is supported, then the number of blind detections for a UE can be significantly reduced or at least not expected to increase from the current UE capabilities. 
Proposal 5: For supporting NR between 52.6 GHz and 71 GHz with high subcarrier spacing values including 480kHz and 960kHz, if a new DCI is agreed to schedule multiple PDSCH/PUSCH, then restrictions on monitoring of other DCI formats (such as DCI format 0_1/1_1) should be supported i.e. search space set configuration with restricted combination of DCI formats should be supported to not increase the number of blind decodes
Furthermore, with high SCS values, the absolute duration of the slot is greatly reduced and moreover, when single DCI can schedule multi-PDSCH/PUSCH over multiple slots, it might be beneficial to consider longer duration than 3 symbols for CORESETs. Multiple benefits can be associated with longer duration:
· Better support for higher aggregation levels for better reliability
· More resources available for CORESET, but with same or even reduced duration in absolute time
· More symbols available to allow TDM multiplexing between DM-RS and control information
· Benefit of a DM-RS symbol with continuous frequency resources will account for better channel estimation with higher SCS values.
In fact, for very high SCS value such as 960kHz, even an entire slot for PDCCH can be considered to allow for only single PDCCH monitoring occasion within a slot.
Proposal 6: For supporting NR between 52.6 GHz and 71 GHz with high subcarrier spacing values including 480kHz and 960kHz, CORESET duration longer than 3 symbols should be supported:
· FFS: Maximum duration up to 14 symbols in a slot.
Proposal 7: For supporting NR between 52.6 GHz and 71 GHz with high subcarrier spacing values including 480kHz and 960kHz, CORESET structure with only TDM between the DM-RS symbols and control information should be supported.

4	PDCCH multi-beam aspects 
Another important aspect for PDCCH monitoring is related to directional LBT. Directional LBT may cause some issues in comparison with omni-directional LBT. For example, different Tx beams used by gNB may correspond to different COTs, thus different CORESETs which are configured with different Tx beams by higher layer signalling may also correspond to different COTs. From power saving perspective, during a COT initiated by a gNB, a UE can stop monitoring the PDCCH occasions in the CORESET corresponding to a different COT, which can reduce the power consumption cause by blind decoding. That is to say, after transmitting a PDCCH to a UE within a COT, the gNB will not transmit PDCCH to this UE in the CORESET corresponding to another COT until the current COT ends.
Proposal 8: For NR unlicensed bands between 52.6 GHz and 71 GHz with directional LBT based channel access mechanism, within a COT, PDCCH monitoring is not supported in the CORESETs corresponding to other COTs (PDCCH monitoring restricted to monitoring corresponding to only one COT at a time)

Furthermore, additional issue that can happen with multi-slot PDCCH monitoring is the QCL assumption (beam) associated with the CORESETs configured for a UE. For FR beyond 52.6, it is expected that narrow beams might be deployed and depending upon UE mobility, the beams can change quite fast. Therefore, if only a single beam is associated with a CORESET and if the multi-slot duration is longer such as 8 slots, then the single configured beam may not be valid for the entire duration of monitoring. Therefore, it should be considered to associate multiple QCL assumptions with a CORESET and also the duration for which each of the associated QCL assumption is valid. For example, if 8-slot PDCCH monitoring is configured to a UE, then the CORESET can be configured with 4 QCL assumptions (beams), where first beam is used to monitor CORESET in first 2 slots, second beam is used to monitor CORESET in second 2 slots and so on. Further details related to beam management for PDCCH CORESET are also discussed in our accompanying contribution [3].

Proposal 9: For supporting NR between 52.6 GHz and 71 GHz with high subcarrier spacing values including 480kHz and 960kHz, it should be supported to configure UE with multiple QCL assumptions (beams) associated with a CORESET and corresponding duration for the validity of each of the beams to monitor a CORESET within a  multi-slot PDCCH monitoring.

5	Conclusion
In this contribution, we discussed enhancements for PDCCH monitoring for NR operation between 52.6 GHz to 71 GHz with high SCS values and provided following observations/proposals: 
Observation 1: For supporting NR between 52.6 GHz and 71 GHz for high subcarrier spacing values including 480kHz and 960kHz with multi-slot PDCCH monitoring, slot group configuration (Alt 1) with PDCCH monitoring occasion only at the beginning of slot group is beneficial to avoid back-to-back issue of PDCCH monitoring across two consecutive slot groups, but not preferable in terms of PDCCH monitoring flexibility.
Observation 2: For supporting NR between 52.6 GHz and 71 GHz for high subcarrier spacing values including 480kHz and 960kHz with multi-slot PDCCH monitoring, slot group configuration (Alt 1) with the possibility to have PDCCH monitoring occasion in any slot within a slot group is beneficial from PDCCH monitoring flexibility point of view, but could result in back-to-back issue of PDCCH monitoring across two consecutive slot groups.
Observation 3: For supporting NR between 52.6 GHz and 71 GHz for high subcarrier spacing values including 480kHz and 960kHz with multi-slot PDCCH monitoring, if Rel-16 like mechanism with span is extended across multiple slots, then the PDCCH monitoring flexibility can be achieved, while also avoiding the issue of back-to-back PDCCH monitoring across continuous multi-slot groups. 

Proposal 1: For supporting NR between 52.6 GHz and 71 GHz with high subcarrier spacing values including 480kHz and 960kHz, support Alt 2 i.e. extension of (X, Y) PDCCH monitoring span for multi-slot PDCCH monitoring.
Proposal 2: For supporting NR between 52.6 GHz and 71 GHz with high subcarrier spacing values including 480kHz and 960kHz, support 4-slot duration for 480 kHz and 8-slot duration for 960 kHz:
· These durations should be the basis for reporting the UE capabilities
· Any lower values should be considered only if there is strong motivation/benefit to do so
Proposal 3: For supporting NR between 52.6 GHz and 71 GHz with high subcarrier spacing values including 480kHz and 960kHz, search space configuration should be enhanced to support (or restrict) the PDCCH monitoring periodicity and corresponding duration in multiples of slot groups rather than multiples of slots.
Proposal 4: For supporting NR between 52.6 GHz and 71 GHz with high subcarrier spacing values including 480kHz and 960kHz, search space configuration should be enhanced to support slot-level bitmap to indicate the slots where PDCCH monitoring is configured for a multi-slot PDCCH monitoring (for example, if there is a 4-slot monitoring duration, then a slot-level bitmap “1010” would indicate that monitoring occasion is in slot 1 and slot 3)
Proposal 5: For supporting NR between 52.6 GHz and 71 GHz with high subcarrier spacing values including 480kHz and 960kHz, if a new DCI is agreed to schedule multiple PDSCH/PUSCH, then restrictions on monitoring of other DCI formats (such as DCI format 0_1/1_1) should be supported i.e. search space set configuration with restricted combination of DCI formats should be supported to not increase the number of blind decodes
Proposal 6: For supporting NR between 52.6 GHz and 71 GHz with high subcarrier spacing values including 480kHz and 960kHz, CORESET duration longer than 3 symbols should be supported:
· FFS: Maximum duration up to 14 symbols in a slot.
Proposal 7: For supporting NR between 52.6 GHz and 71 GHz with high subcarrier spacing values including 480kHz and 960kHz, CORESET structure with only TDM between the DM-RS symbols and control information should be supported.
Proposal 8: For NR unlicensed bands between 52.6 GHz and 71 GHz with directional LBT based channel access mechanism, within a COT, PDCCH monitoring is not supported in the CORESETs corresponding to other COTs (PDCCH monitoring restricted to monitoring corresponding to only one COT at a time)
Proposal 9: For supporting NR between 52.6 GHz and 71 GHz with high subcarrier spacing values including 480kHz and 960kHz, it should be supported to configure UE with multiple QCL assumptions (beams) associated with a CORESET and corresponding duration for the validity of each of the beams to monitor a CORESET within a  multi-slot PDCCH monitoring.
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