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Introduction
Based on the SI for RAN1 above 52.6 GHz [1] , an updated WID was agreed to in RAN #90-e with the following objectives [3] :
· [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 this contribution, we address enhancements to PDDCH monitoring for the new SCS 480 kHz and 960 kHz for NR operation between 52.6GHz and 71 GHz.
Discussion
PDCCH Monitoring Background
In RAN1 #104-e, the following agreements were made [6]:

	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




Further discussions focused on refining the agreement but were not finalized as follows:

	· Alt 1: Use a fixed pattern in a slot group 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 how much BD/CCE budget is available 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 symbol of the first slot within a slot group
· Alt 2: Use an (X,Y) span as the baseline to define the new capability
· X is the minimum time separation between the first symbol of two consecutive spans
· The capability indicates how much BD/CCE budget is available within Y consecutive [symbols or slots] in a span
· Y <= X
· FFS: Exact values of X and Y and units in which they are defined, including cases where a span is longer than one slot or crosses a slot boundary. 
· Alt 3: Use a sliding window of X slots as the baseline to define the new capability. 
· The capability indicates how much BD/CCE budget is available within the sliding window
·  The sliding unit of the sliding window is [1] slot.
· Specific numbers for X, Y may depend on UE capability and gNB configuration
· Examples: 
· X = [4] slots for 480 kHz SCS and X = [8] slots for 960 kHz SCS




Multi-slot Monitoring (MSM) and MSM capability indication for Rel-17
In Rel-15, PDCCH monitoring of search spaces is defined per slot with different usage models defining a monitoring periodicity of once per slot (classified as case-1) or multiple times per slot or per span (classified as case-2). In Rel-16, PDCCH monitoring of search spaces for URLLC is defined per span where a span is a sub-set of a slot. This allows multiple spans to be processed within a slot for the 15 kHz and 30 kHz SCSs only. The UE processing limits and procedures (including overbooking and dropping) are defined based on the PDCCH monitoring capability unit.

A Rel-17 UE may be required to increase its PDCCH processing capabilities for the new SCSs (480 kHz and 960 kHz) compared with Rel-15/Rel-16 operation with a maximum data/control SCS of 120 kHz as the symbol duration decreases with the new SCSs. In one simple example, an increase in SCS to 960 kHz (480 kHz) may require processing 8 times (4 times) as many slots as a 120 kHz system in the same amount of time. To take into account the complexity increases over the same time duration when compared with Rel-15 and Rel-16, three alternatives were defined in the agreements in RAN1 #104-e [6]. We discuss our view on the three alternatives below:

For Alternative 1, the following should be considered:
1. The value Y should be defined based on symbols. The capability should indicate how much BD/CCE budget is available within Y consecutive symbols in each slot group.
a. In Rel-15/Rel-16, Y is usually set to ≤ 3 i.e. the maximum CORESET duration. For Rel-17, there is no need to increase the CORESET duration as (a) any increase in PDCCH capacity can be done in the frequency domain and (b) modification of the CORESET duration will result in additional specification impact and may require implementation changes. Note that defining Y as a number of slots as proposed in the FFS may require an additional parameter definition for the symbols within the slots that the PDCCH monitoring occurs within. 
2. Y should be less than X similar to the Rel-15 definition. As a simple example
a. X = 4 slots for 480 kHz SCS and X = 8 slots for 960 kHz SCS. Note that smaller values may be specified but should be optional. There is no need for additional longer durations and for MSM for the 120 kHz SCS.
3. The Max # of monitored PDCCH candidate per slot per CC (BD) = 24, the Max # of non-overlapped CCEs per slot per CC = 36.
4. The number of unicast DCIs for single and multi-PxSCH transmission within a slot group should be a capability. 
5. On the location of the Y symbols, consider the following cases:  
a. Case MSM-1-1: PDCCH monitoring limited to within first M symbols of the first slot of a slot group
b. Case MSM-1-2: PDCCH monitoring on any fixed position up to M consecutive symbols of a fixed slot within the slot group.

For Alternative 2, the following should be considered:
1. The value Y should be defined based on symbols. The capability indicates how much BD/CCE budget is available within Y consecutive symbols in a span.
2. Y should be less than X similar to the Rel-16 definition. 
a. The maximum values of X should be set to the corresponding duration of a 120 kHz SCS symbol. X = 1 for 120 kHz, X = 4 slots for 480 kHz SCS and X = 8 slots for 960 kHz SCS. 
b. The use-case for single slot monitoring with X equal to a slot (or per-slot monitoring as described in 38.213) should be justified and the BD/CCE budget carefully selected so as not to increase the UE complexity. Too small a value would prevent the use of larger PDCCH  aggregation levels. 
c. There is no need for additional longer durations and for MSM for the 120 kHz SCS.
3. Single slot span monitoring with X less than a slot is not needed due to the duration of the symbols. Even in Rel-16, single slot span monitoring with X less than one slot is limited to 15 kHz and 30 kHz. 
4. A span should not cross a slot boundary. It should be entirely contained within a slot.
5. The number of unicast DCIs for single and multi-PxSCH transmission within a span should be defined as a capability. 
6. The Max # of monitored PDCCH candidate per slot per CC (BD) and  the Max # of non-overlapped CCEs per slot per CC can be set based on scaling the values for R16 (2,2) as follows:

Table 1: BD/CCE Budget for Alt. 2
	
	Max. # of monitored PDCCH candidates per slot/span per combination (X,Y) and per serving cell
	Max. # of non-overlapped CCEs per slot/span for per combination (X,Y) and per serving cell

	μ
	Slot-based
	(28, Y)
	(56, Y)
	(112, Y)
	Slot based
	(28, Y)
	(56, Y)
	(112, Y)

	3
	20
	-
	-
	-
	32
	-
	-
	-

	5
	N/A
	12
	24
	-
	N/A
	18
	36
	-

	6
	N/A
	8
	12
	24
	N/A
	14
	18
	36




For Alternative 3, although there is a limitation on the complexity within a sliding window, the lack of a fixed pattern within this window could result in a large increase in UE processing complexity as the UE may have to dimension its processing to occur at any time. As such, we do not see a need for using this framework as it is a big departure from the existing framework and could result in a need for implementation changes. This concurs with the  WID motivation that supports minimizing  the specification burden and maximizing the leverage of FR2 based implementations. 

As a new Alternative, to enable some of the flexibility provided by Alternative 3, RAN1 should support allowing different MSM PDCCH monitoring capabilities for different PDCCH types e.g. CSS and USS. This is illustrated in Figure 1 where for both UEs, the CSS is based on a 2 slot slot-group, while UE1 uses an 8 slot USS slot-group and UE2 uses a 4-slot USS slot group. Alternatively, in scenarios with multiple component carriers, the CSS can be limited to the carriers with lower SCS while the CCs with 480 kHz and 960 kHz SCS are limited to USS only.


[image: ]
[bookmark: _Ref68540663]Figure 1: CSS and USS MSM PDCCH Monitoring

Procedures on overbooking and dropping may be discussed once  the MSM methodology is finalized.

Proposal 1: The MSS PDCCH monitoring capability should be based on a fixed pattern i.e. Alt 1 or Alt 2.
· The value Y should be defined based on symbols with Y ≤ 3 and Y < X.

Proposal 2: For Alt 1, RAN1 can further consider the following cases:  
· Case MSM-1-1: PDCCH monitoring limited to within first M symbols of a MSM span
· Case MSM-1-2: PDCCH monitoring on any fixed position span of up to M consecutive symbols of a MSM span

Proposal 3: The duration of a multi-slot monitoring span is as follows:
· For 480 kHz: 4 slots, for 960 kHz: 8 slots. Additional durations should be a UE capability.
· The use-case for single slot monitoring with X equal to a slot needs to be justified with  the BD/CCE budget carefully selected.

Proposal 4: RAN1 should enable signaling of  different MSM PDCCH monitoring capabilities for different PDCCH types e.g. CSS and USS.


Cross Carrier Scheduling and HARQ transmission
In RAN1 #104-e, the following discussion was started but was not concluded: 

· Cross-carrier scheduling of a cell within 52.6-71 GHz from/[to] a cell outside 52.6-71 GHz is supported.
· FFS: potential limitations on the applicable SCS(s) of the scheduling and scheduled cells/BWPs.

For cross carrier scheduling the following issues should be studied: 

1. RAN1 should modify the parameter Npdsch  to account for the new SCSs: The parameter Npdsch, i.e the # of PDCCH symbols after the end of the PDCCH scheduling the PDSCH needs to be modified for the new SCSs.
2. RAN1 should study the effect of a large differential between the SCSs of the carriers involved in the cross carrier scheduling procedure. In a scenario with different numerologies between PDSCH and PUCCH, a large differential between the SCSs may result in a large gap between a transmitted PDSCH(s) and its corresponding PUCCH. In one simple example, assume that the transmission occurs such that the HARQ is on FR1 with the SCS set to 15 kHz which is equivalent to 32 480 kHz slots. A frame structure of DDDSU would require an aggregation of up to 96 slots. The maximum differential changes from 8 (120 kHz to 15 kHz) to 64 (960 kHz to 15 kHz). 
3. The maximum number of carriers that can be simultaneously scheduled from a single carrier should be defined as a UE capability. This may be necessary given the possible increase in the bandwidth of the different transmissions, and the increase in data rate for the new SCSs.

Proposal 5: RAN1 should modify the parameter Npdsch, i.e the # of PDCCH symbols after the end of the PDCCH scheduling the PDSCH, to account for the new SCSs.

Proposal 6: RAN1 should study the effect of a large differential between the SCSs of the carriers involved in the cross carrier scheduling procedure.

Proposal 7: for cross carrier scheduling, the max number of CCs that can be scheduled from a single CC is reported as UE capability.

DCI Design related to channel Access
Search Space Set Group Switching
Search Space Set Group Switching was introduced in Rel-16 NR-U for power saving. It operates on CSS Type 3 and USS and allows the UE to switch between two groups of search space sets to either increase or decrease the UE search space set monitoring to save power as needed e.g. within and outside a COT in unlicensed access. 

With the introduction of the new SCSs, there may be a need to modify timeline parameters such as the searchSpaceSwitchDelay and searchSpaceSwitchTimer. This may be set in units of slots or multi-slots based on the UE capability and the SCS.

In Rel-16, the switching boundary and the timer decrement value are on the order of slots. In the case of MSM PDCCH monitoring, as the PDCCH may be on the order of multiple slots, both the switching boundary and the timer decrements can be modified to be on the order of multi-slots as needed. The effect of MSM on the transition boundary and the time unit of multiple slots (4 slot) is illustrated in Figure 2.
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[bookmark: _Ref68624864]Figure 2: Example of SSSG switching with multi-slot monitoring limitations

Proposal 8: Consider the effect of the change in SCS and of MSS PDCCH monitoring on SSSG switching.
 
DCI format 2-0 design
In R16 NR-U, DCI format 2-0 is enhanced to carry channel access related information: RB allocation, COT duration and search space set switching indication. While RB allocation information may not be needed depending on LBT bandwidth discussion, the COT duration and SSSG switching should be supported.  

COT duration and SSSG switching information should be sent at the beginning of the COT as shown in Fig.1. However, current design of DCI format 2-0 transmission limit to one beam per slot. Therefore, it takes multiple slots to finish the beam sweeping transmission of DCI format 2-0. For example, with 120KHz SCS and 32 beams, it takes 4ms to finish beam sweeping. Considering maximum COT duration is 5ms defined by EN 302 567, more efficient transmission scheme of DCI format 2-0 is needed.  

Proposal 9: Consider enhancement of DCI 2-0 transmission to signal COT duration and SS adaptation at the beginning of the COT.

Conclusion
In this contribution, we have discussed PDCCH monitoring enhancements for NR between 52.6GHz and 71 GHz and have the following proposals:
Proposal 1: The MSS PDCCH monitoring capability should be based on a fixed pattern i.e. Alt 1 or Alt 2.
· The value Y should be defined based on symbols with Y ≤ 3 and Y < X.

Proposal 2: For Alt 1, RAN1 can further consider the following cases:  
· Case MSM-1-1: PDCCH monitoring limited to within first M symbols of a MSM span
· Case MSM-1-2: PDCCH monitoring on any fixed position span of up to M consecutive symbols of a MSM span

Proposal 3: The duration of a multi-slot monitoring span is as follows:
· For 480 kHz: 4 slots, for 960 kHz: 8 slots. Additional durations should be a UE capability.
· The use-case for single slot monitoring with X equal to a slot needs to be justified with  the BD/CCE budget carefully selected.

Proposal 4: RAN1 should enable signaling of  different MSM PDCCH monitoring capabilities for different PDCCH types e.g. CSS and USS.

Proposal 5: RAN1 should modify the parameter Npdsch, i.e the # of PDCCH symbols after the end of the PDCCH scheduling the PDSCH, to account for the new SCSs.

Proposal 6: RAN1 should study the effect of a large differential between the SCSs of the carriers involved in the cross carrier scheduling procedure.

Proposal 7: for cross carrier scheduling, the max number of CCs that can be scheduled from a single CC is reported as UE capability.

Proposal 8: Consider the effect of the change in SCS and of MSS PDCCH monitoring on SSSG switching.

Proposal 9: Consider enhancement of DCI 2-0 transmission to signal COT duration and SS adaptation at the beginning of the COT.
Reference
[1] [bookmark: _Ref40195690]RP-193259, New SID: Study on supporting NR from 52.6GHz to 71 GHz
[2] [bookmark: _Ref61720508]3GPP TR 38.808 V1.0.0 (2020-12, Study on supporting NR from 52.6 GHz to 71 GHz (Release 17) 
[3] [bookmark: _Ref61153273]RP-202925,  3GPP Work Item Description on Extending current NR operation to 71GHz
[4] [bookmark: _Ref53750334][bookmark: _Ref61153333]Chairman’s Notes, RAN1 #102-e, August 2020
[5] [bookmark: _Ref53750335]Chairman’s Notes, RAN1 #103-e, October 2020
[6] [bookmark: _Ref68051455]Chairman’s Notes, RAN1 #104-e, January 2021
[7] R1-2102242, Feature lead summary#3 for [104-e-NR-52-71GHz-02] on PDCCH monitoring enhancements, FL discussion, January 2021
[8] 3GPP TR 38.822 V15.0.1 (2019-07), User Equipment (UE) feature list (Release 15)
[9] [bookmark: _Ref61336531]R1-2007326, Updated RAN1 UE features list for Rel-16 NR including remaining RAN1 issues
image1.png
UE1

UE2

sy Juss=vs T T eser T T [ Jes=vy Jus=m [ css=r ] |

s Tuss=ve T T Jesser Jussee [ [ Jesor Jus=vo [ ]

| ey Jusewe T T ]





image2.png
20





