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1. Introduction
The updated WI to support NR operation above 52.6 GHz up to 71 GHz was endorsed in RAN#90-e and contains the following objective related to PDCCH monitoring enhancements [1].
	· 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 this contribution, we discuss and provide views on the PDCCH monitoring enhancements and GC-PDCCH enhancements, to support NR in high frequency range from 52.6 GHz to 71 GHz (simply denoted as “FR-X” hereafter).

2. PDCCH monitoring enhancement

· UE processing limits for PDCCH monitoring
In Rel-15 NR, PDCCH monitoring is defined per slot for a single serving cell with SCS configuration. Associated procedures such as overbooking/dropping rules and UE processing limits such as the maximum number of monitored PDCCH candidates and the maximum number of non-overlapped CCEs, are also defined per slot. 

Table 10.1-2: Maximum number  of monitored PDCCH candidates per slot for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number of monitored PDCCH candidates per slot and per serving cell 

	0
	44

	1
	36

	2
	22

	3
	20



Table 10.1-3: Maximum number  of non-overlapped CCEs per slot for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number of non-overlapped CCEs per slot and per serving cell 

	0
	56

	1
	56

	2
	48

	3
	32



As agreed in RAN#90-e meeting, new SCSs 480 kHz and 960 kHz were agreed to be supported in addition to 120 kHz SCS for FR-X. As can be seen from the table above, as SCS increases, the maximum number of monitored PDCCH candidates per slot tends to decrease. So, the maximum number of monitored PDCCH candidates per slot for 480 kHz and 960 kHz, if defined, may be smaller than 20 which is the maximum number of monitored PDCCH candidates per slot for 120 kHz SCS. However, since the slot length also decreases at the same time, for high SCS, the capability of handling PDCCH within fixed time (e.g., 0.5 ms) is larger than that for low SCS. This may lead to a more complicated design for baseband modem and huge power consumption for a given time duration, because PDCCH monitoring operation usually includes lots of tasks such as channel estimation, detection/decoding, and so on. Moreover, with small number of CCEs per slot, it is questionable whether or not to support a PDCCH with a large aggregation level (e.g., AL-16) without any limitation. If the maximum number of non-overlapped CCEs per slot for 960 kHz SCS is newly defined and is less than 16, it may be not possible to support monitoring PDCCH with AL-16 in a slot.

Observation #1: UE processing limit for 480 kHz and 960 kHz could be newly defined per slot. But, increasing the capability of handling PDCCH during a fixed time may lead to UE implementation complexity and power consumption. In addition, if the number of CCEs per slot is defined as too small value, support for PDCCH with large AL may be limited.


· Slot-group level processing for PDCCH monitoring
Considering that slot length is shortened as SCS increases, slot-group level processing instead of every slot processing could be beneficial with respect to simplified UE implementation and potential power consumption reduction. For instance, PDCCH monitoring occasions can be configured per slot-group (or every multiple slot-groups) and the maximum number of PDCCH candidates and non-overlapping CCEs can be applied per slot-group.
There are two simple ways to determine the length of a slot-group. The first way is to set the reference length regardless of actual SCS configuration. For instance, the slot length corresponding to 120 kHz SCS can be used as a reference length since 120 kHz is the smallest SCS that could be configured in FR-X. In this case, if one slot length corresponding to 120 kHz SCS is set to the reference length, then the consecutive four slots are used as slot-group for 480 kHz SCS, and consecutive eight slots are used as slot-group for 960 kHz SCS. Another way is to use a new PDCCH monitoring time unit with capability signalling. A preferred reference length can be signalled for each UE, and this length can be used as a basic time unit for PDCCH monitoring. Regarding the PDCCH monitoring per slot-group, associated procedures such as overbooking and dropping may also be enhanced. For example, if consecutive M slots for 960 kHz SCS is set to a slot-group for PDCCH monitoring, then SS set dropping due to overbooking would be performed in unit of slot-group. With this, additional restriction on PDCCH monitoring may be considered, e.g., by applying overbooking/dropping rules for some part of slots within a slot-group.

Proposal #1: Considering simplified UE implementation and potential power consumption reduction, support slot-group based PDCCH monitoring where the maximum number of PDCCH candidates and non-overlapping CCEs are defined per slot-group and the number of slots for slot-group can be determined based on reference SCS (e.g., 120 kHz) or UE capability.

[bookmark: _GoBack]In addition, SS set configuration can also be set appropriately for the slot-group. Through SS set configuration based on slot-group, PDCCH monitoring occasion could be adjusted properly (e.g., restricted), and then, additional power saving effects could be expected. For slot-group based PDCCH monitoring, specifically, SS set configurations such as periodicity (and offset) can be configured to a value larger than M (or a multiple of M) slots. Accordingly, duration may be limited to be configured with less than M (or a multiple of M) slots. Moreover, it can be discussed how to handle the case where the slot-group boundary does not exactly match the periodicity and duration configurations. Therefore, through slot-group based PDCCH monitoring configuration and associated SS set configurations, it can be further expected to reduce the UE implementation burden or power consumption. 

Proposal #2: Consider to configure PDCCH monitoring occasions to be confined within the slot-group (or multiple of slot-groups), by using search space set configuration parameters (e.g., periodicity, offset, and duration). 

3. Group-common PDCCH enhancement
In this section, we discuss and provide views on group-common PDCCH enhancement for FR-X. 

· Beam-dependent GC-PDCCH (DCI format 2_0) configuration
In Rel-16 NR-U, several fields such as RB set indicator, CO duration and SS set group switching trigger were introduced to DCI format 2_0, in addition to SFI. However, for FR-X in Rel-17 where the use of directional beams may be essential, it can be worth considering the beam dependent GC-PDCCH configuration. In other words, it may be beneficial to give a spatial relation for a beam to which information of DCI format 2_0 is applied. One simple conceivable method is to define some fields in DCI format 2_0 separately for each beam. For example, RB set indicator and CO duration could be configured separately for each beam, but SFI could be configured as beam agnostic. Alternatively, a new field can be additionally introduced in DCI format 2_0 to indicate the availability of each beam. In this method, UE receiving DCI format 2_0 may determine the channel availability for each beam through a combination of the new field and existing fields (i.e., RB set indicator and CO duration). 

Proposal #3: Consider per beam indication of available RB set, CO duration, and/or SS set switching by using DCI format 2_0.

· Carrier-group based GC-PDCCH (DCI format 2_0) configuration
Considering the efficient coexistence with Wi-Fi operating with nominal channel bandwidth of 2.16 GHz, NR in unlicensed FR-X band may need to be operated with carrier bandwidth comparable to Wi-Fi. However, since some UEs may not support carrier bandwidth up to 2.16 GHz, it should be considered multi-carrier based operation where each carrier has bandwidth narrower than 2.16 GHz (e.g. 400 MHz) but aggregated bandwidth through multiple carriers can reach to around 2.16 GHz. In such case, some measurements for the channel availability such as LBT result for each carrier can be identical over multiple carriers which overlap to the occupied channel bandwidth of Wi-Fi. To indicate these information to group of carriers efficiently, carrier-group based GC-PDCCH configuration can be considered. For instance, GC-PDCCH indicating available RB sets and CO duration can be configured per carrier-group instead of per each carrier, and the set of carriers within the carrier-group can share these information. For another instance, DL/UL data scheduling can be configured per carrier-group to reduce the amount of GC-PDCCH transmission instead of indicating to each carrier. With carrier-group based configuration, it can be beneficial with respect to the controllability of channel access or data channel scheduling in unlicensed FR-X band.

Proposal #4: Carrier-group based GC-PDCCH configuration for unlicensed FR-X band may be beneficial with respect to signalling efficiency.


4. Conclusions
In this contribution, PDCCH monitoring enhancements and GC-PDCCH enhancements to support NR from 52.6 GHz to 71 GHz were discussed. The derived observation and proposals are as follows,

Observation #1: UE processing limit for 480 kHz and 960 kHz could be newly defined per slot. But, increasing the capability of handling PDCCH during a fixed time may lead to UE implementation complexity and power consumption. In addition, if the number of CCEs per slot is defined as too small value, support for PDCCH with large AL may be limited.

Proposal #1: Considering simplified UE implementation and potential power consumption reduction, support slot-group based PDCCH monitoring where the maximum number of PDCCH candidates and non-overlapping CCEs are defined per slot-group and the number of slots for slot-group can be determined based on reference SCS (e.g., 120 kHz) or UE capability.

Proposal #2: Consider to configure PDCCH monitoring occasions to be confined within the slot-group (or multiple of slot-groups), by using search space set configuration parameters (e.g., periodicity, offset, and duration). 

Proposal #3: Consider per beam indication of available RB set, CO duration, and/or SS set switching by using DCI format 2_0. 

Proposal #4: Carrier-group based GC-PDCCH configuration for unlicensed FR-X band may be beneficial with respect to signalling efficiency. 
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