3GPP TSG RAN WG1 Meeting #106bis-e	R1-2108768
[bookmark: _GoBack]e-Meeting, October 11 – October 19, 2021

Agenda Item:	8.2.2
Source:	Huawei, HiSilicon
Title:	Enhancement on PDCCH monitoring
Document for:	Discussion and Decision

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In previous meetings, the following agreements were made:
	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.
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:
Previous agreement is modified as follows:
Choose one of the following alternatives for defining the multi-slot PDCCH monitoring capability
· 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
· 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: 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
· 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 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. 
· FFS: Further definition of capabilities
· 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: Further definition of capabilities
· 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


In this contribution, we focus on the multi-slot PDCCH monitoring enhancement for new SCSs, including the monitoring capability definition and SS configuration enhancement.
Discussion
Multi-slot PDCCH monitoring capability
Multi-slot PDCCH monitoring capability definition 
Let us begin with our views on the three alternatives of PDCCH monitoring capability definition:
Regarding Alt 1: The location of the Y slots within the X slots is maintained across different slot groups, and thus back-to-back monitoring can be avoided. Note that, for Alt 1, when X=4 for a 480 kHz SCS cell or X=8 for a 960 kHz SCS cell, the PDCCH latency of 120 kHz SCS can be maintained. In addition, the timeline of 480/960 kHz SCS is in accordance with that of 120 kHz. Therefore, the PDCCH latency of Alt1 is acceptable in our view. Moreover, Alt 1 provides the simplest multi-slot PDCCH monitoring scheme which is similar to UE PDCCH monitoring of 120 kHz SCS. Hence, Alt 1 requires less standard effort. Moreover, Alt 1 has more proponents than Alt 2/3.
Regarding Alt 2: It is based on the capability definition per span introduced in Rel-16 URLLC WI. In Rel-16, a span is defined as the number of consecutive symbols in a slot for UE to monitor PDCCH. The maximum value of a span is Y, and the minimum gap between two consecutive spans is X symbols either within a slot or across slot boundaries. Compared to Alt 1, the float monitoring capability spans of Alt 2 introduce monitoring capability misalignment/overburden issues across multiple serving cells. To handles these issues, additional efforts to define PDCCH processing load restriction for Alt 2 are needed. Note that, capabilities only for 15 kHz and 30 kHz SCSs in FR1 have been specified for URLLC. It will require considerable standard efforts for specification of PDCCH monitoring capabilities for 120 kHz, 480 kHz, and 960 kHz SCSs in FR2-2.
Regarding Alt 3: Within a given window, the PDCCH monitoring candidates can be dynamically configured according to the latency requirement. One drawback of Alt3 is that the number of PDCCH candidates allocated per monitoring occasion may be too small to achieve a sufficient aggregation level to enhance coverage. In addition, with Alt 3 the UE would have to monitor PDCCH in every slot, increasing UE power consumption compared to Alt 1. This goes against the spirit of introducing multi-slot PDCCH monitoring for large SCS values.
As a result, we support Alt 1, i.e. fixed pattern, for 480/960 kHz SCS.
Proposal 1: For 480 kHz SCS and 960 kHz SCS, Alt 1 is preferred for multi-slot PDCCH monitoring.
Location of slot groups and location of Y slots
It is to be specified that whether a slot group is aligned with a slot boundary for Alt 1. Furthermore, although it is agreed that, for Alt 1, the location of the Y slots within the X slots is maintained across different slot groups, the location of the Y consecutive slots within the slot group is to be clarified. There are two alternatives:
•	Alt 1-1: The Y slots always start at the first slot within a slot group;
•	Alt 1-2: The Y slots can start at the any symbol within a slot group.
If a slot group is aligned with a slot boundary, then, when X=4 for a 480 kHz SCS cell or X=8 for a 960 kHz SCS cell, the multi-slot PDCCH processing capability windows for Alt 1-1 are aligned with the slots of a 120 kHz SCS cell while otherwise is not. Hence, Alt 1-2 seems more flexible but at the cost of more complex gNB configuration. The main issue of Alt 1-1 is the configuration of CSS, which can be alleviated if Y>1 is supported. Therefore, we prefer to restrict fixed pattern to align with slot boundary and Y slots to start from the beginning of X slot.
Proposal 2: Support fixed pattern aligned with slot boundary and Y slots always to start from beginning of X slot.
Values of Y in Alt 1/2/3
It is clear that a larger time duration of Y implies more flexibility but higher UE complexity due to the more frequency blind PDCCH detection. Thus, it is beneficial to determine the value of Y according to the actual UE capability. To this end, a corresponding UE capability feedback needs to be supported.
Proposal 3: Support capability report on the value of Y (1<=Y<=X/2, both in units of slot).
Monitoring capability within Y slots
· Type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS
In Rel-15 [3], it is mandatory without capability signaling to support the feature group 3-1 of DL control channel. In FG 3-1, the monitoring occasion for type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS is within the first 3 OFDM symbols of a slot. Considering multi-slot PDCCH monitoring capability will also supported as conditional mandatory for 480 kHz and 960 kHz SCS, FG3-1 could be directly extended that the monitoring occasion should be restricted within the first 3OS in each of Y slots in the X-slots group. It could be regarded as the basic feature for 480 kHz or 960 kHz SCS especially for UE with limited capability. 
Proposal 4: Corresponding to FG3-1 in Rel-15, PDCCH monitoring occasion restricted in the first 3 OS of each of the Y slots in the X-slot group should be supported as a basic feature for type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS. 
For UE with higher capability, always restricting monitoring occasion only in the first 3 OS in each of Y slots in an X-slots group is not efficient to multiplex searching spaces across different UE, because gNB need to configure all CSS and UE-SS in the first 3 OS in each of Y slot per X-slots group in such case. In Rel-15, there are 3 feature groups allowing UE to monitoring PDCCH in any OS in a slot, i.e. FG3-5, FG3-5a and FG3-5b. For FG3-5, monitoring occasion can be any OFDM symbol(s) of a slot without gap, which results too frequent PDCCH monitoring in Y slots. Both FG3-5a and FG3-5b can achieve the balance between complexity and flexibility by modified the separation between two consecutive monitoring occasions or spans. However, considering the limited time in the meeting and standard effort, we prefer to work based on FG3-5a if Alt 1 in section 2.1.1 is adopted. 
According to FG3-5a, monitoring occasion can be any OFDM symbol(s) of a slot with minimum time separation of 14 OFDM symbols for 120kHz between two consecutive transmissions of PDCCH scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI for Type 1-PDCCH common search space configured by dedicated RRC signaling, for a Type 3-PDCCH common search space, or for a UE-specific search space, with the capability of supporting at least 20 blind decodes in a slot for 120 kHz SCS. By scaling the time separation between two consecutive transmissions of PDCCH according to SCS and allowing monitoring occasion in any of Y slots in an X-slots group, we had following proposal for multi-slot PDCCH monitoring capability.    
Proposal 5: Corresponding to FG3-5a in Rel-15, PDCCH monitoring occasion in any OFDM symbols of a slot with 
· location of monitoring occasion maintained in the same symbols across different slots within a slot group, and
· a minimum time separation of 56 OS for 480 kHz SCS or 112 OS for 960 kHz SCS between the first monitoring occasions of two consecutive slot groups,
should be supported as an optional feature for type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS.
· Type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS
According to FG3-1 in Rel-15, for type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS, the monitoring occasion can be any OFDM symbol(s) of a slot, with the monitoring occasions for any of Type 1- CSS without dedicated RRC configuration, or Types 0, 0A, or 2 CSS configurations within a single span of three consecutive OFDM symbols within a slot. Such capability allows UE to monitor Type0/0A/1/2 CSS associated with SearchSpaceZero given in MIB. Similar rules should be inherited for UE with multi-slot PDCCH monitoring capability in FR2-2. Moreover, considering the SSB pattern may not align with fixed X-slots group pattern of multi-slot PDCCH capability, the restriction on monitoring occasions within Y slots should not applied. 
Proposal 6: Corresponding to FG3-1 in Rel-15, PDCCH monitoring occasion can be in any symbol(s) of a slot for Type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS. 

Number of BDs
In FR2, slot-level PDCCH monitoring is supported in terms of the maximum number of monitored PDCCH candidates and the maximum number of non-overlapped CCEs as shown in Table 1 and Table 2, respectively [1]. Typically, up to three OFDM symbols in one slot can be configured for slot-level PDCCH monitoring. In those symbols, UE blindly decodes the PDCCH candidates at different CCE aggregation levels.

[bookmark: _Ref67392773]Table 1. 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


[bookmark: _Ref67392778]
Table 2. 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



Observe that the maximum numbers of monitored PDCCH candidates and non-overlapped CCEs per slot for 120 kHz SCS are 20 and 32, respectively. To maintain the same monitoring duration of 120 kHz SCS, the number of slots for multi-slot PDCCH monitoring can be 4 and 8 for 480 kHz and 960 kHz SCSs, respectively. In order not to increase the BD complexity, the maximum number of PDCCH candidates and non-overlapped CCEs of multi-slot PDCCH monitoring for 480 kHz and 960 kHz SCSs (as shown in Table 3 and Table 4) should be the same as that for 120 kHz SCS. Note, in the tables, X equals to 1 for , equals to 4 for , and equals to 8 for .

[bookmark: _Ref78227753]Table 3. Maximum number  of monitored PDCCH candidates per  slot(s) for a DL BWP with SCS configuration  for a single serving cell.  for,  for .  otherwise.
	
	Maximum number of monitored PDCCH candidates per  slot(s) and per serving cell 

	0
	44

	1
	36

	2
	22

	3
	20

	5
	20

	6
	20
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Table 4. Maximum number  of non-overlapped CCEs per  slot(s) for a DL BWP with SCS configuration  for a single serving cell.  for,  for .  otherwise.
	
	Maximum number of non-overlapped CCEs per  slot(s) and per serving cell 

	0
	56

	1
	56

	2
	48

	3
	32

	5
	32

	6
	32


Proposal 7: The BD and CCE budgets for multi-slot PDCCH monitoring are defined within the Y consecutive slots per slot group. The maximum number of PDCCH candidates and non-overlapped CCEs per X slots for 480 kHz and 960 kHz SCSs is the same as for 120 kHz SCS with slot-level PDCCH monitoring.
Search space configuration
Search space configuration for multi-slot monitoring
The time domain parameters include periodicity, offset, duration, and monitoring symbols within slot as shown in following table.
Table 5. Search space set configuration
SearchSpace ::=                         SEQUENCE {
searchSpaceId                           SearchSpaceId,
controlResourceSetId                    ControlResourceSetId             
monitoringSlotPeriodicityAndOffset      CHOICE {
        sl1                                     NULL,
        sl2                                     INTEGER (0..1),
        sl4                                     INTEGER (0..3),
        sl5                                     INTEGER (0..4),
        sl8                                     INTEGER (0..7),
        sl10                                    INTEGER (0..9),
        sl16                                    INTEGER (0..15),
        sl20                                    INTEGER (0..19),
        sl40                                    INTEGER (0..39),
        sl80                                    INTEGER (0..79),
        sl160                                   INTEGER (0..159),
        sl320                                   INTEGER (0..319),
        sl640                                   INTEGER (0..639),
        sl1280                                  INTEGER (0..1279),
        sl2560                                  INTEGER (0..2559)
}                                                                             
duration                                INTEGER (2..2559)                     
monitoringSymbolsWithinSlot             BIT STRING (SIZE (14))                
…
Periodicity and offset: Assume that multi-slot PDCCH monitoring capability for 480/960 kHz SCS is defined within the first Y slots per X-slot pattern of Alt 1-1 described in section 2.1. Then, a UE can be configured with monitoring periodicity to be integer of X slots so that its monitoring occasion always locates within the Y slots. Moreover, as aforementioned, the number of slots increase by 4/8 times for 480/960 kHz SCS, if the monitoring periodicity of 120 kHz SCS is to be maintained. In order to avoid a large increase of the number of choices in monitoringSlotPeriodicityAndOffset, the unit of the periodicity could be X-slots instead of one single slot. Similarly, the offset values should also be scaled by X. For example, “sl4” in Table 4 represents a periodicity of 16/32 slots for 480/960 kHz SCS. In addition, the integers values of (0,1,2,3) for “sl4” correspond to slot#0, slot#3, slot#7, slot#11 with a 16-slot periodicity for 480kHz SCS and slot#0, slot#7, slot#15, slot#23 with a 32-slot periodicity for 960kHz SCS. Furthermore, if monitoring occasions are restricted to be within the first Y>1 slots in a slot group, additional slot-level offsets are needed. For example, the number of bits of monitoringSymbolsWithinSlot can be increased to cover Y slots (e.g., 28 bits for Y=2 slots) or to 56/112 bits to directly indicate the offset within X slots for 480/960 kHz SCS.
Duration: In Rel-15, the duration field in SearchSpace configuration denotes the number of consecutive slots that a SearchSpace lasts in each period. Apparently, the value of duration should be smaller than the periodicity indicated by monitoringSymbolsWithinSlot. In order to reuse the field and the corresponding value defined in Rel-15 for 480/960 kHz SCS, a new interpretation is needed. Specifically, if the PDCCH monitoring capability for 480/960 kHz SCS is the same as that for 120 kHz in a given time duration, the duration can be defined as the number of consecutive X-slots where SearchSpace can be located for 480/960 kHz SCS. Within each X-slots, the monitoring occasions are located in the first Y slots, which is configured by monitoringSymbolsWithinSlot. An example is shown for 120 kHz and 480 kHz SCSs in Figure 2, where Ts denotes the duration of SearchSpace (yellow box), and ks denotes the periodicity.
 [image: ]
[bookmark: _Ref68018795]Figure 2. TDM-ed search space for different UEs within a monitoring span

Proposal 8: The time domain parameters of search space set configuration should be revised for multi-slot PDCCH monitoring for 480 kHz and 960 kHz, as follows:
· The unit of monitoringSlotPeriodicityAndOffset is changed to X-slots, with X=4 for 480 kHz and X=8 for 960 kHz.
· The unit of “duration” is changed to X-slots, with X=4 for 480 kHz and X=8 for 960 kHz.
· Additional slot level offset or extension of monitoringSymbolsWithinSlot is required if monitoring occasions are within the first Y>1 slots in an X-slots pattern. 
SSSG switching
In NRU Rel-16, search space set group switching is introduced to balance the UE power consumption on PDCCH monitoring and channel access flexibility on gNB side. The gNB can initiate a DL transmission in the middle of a slot after LBT by configuring mini slot PDCCH monitoring (SSSG#0) to a UE. After detecting a scheduling PDCCH or a DCI format 2_0 with SSSG switching trigger, the UE may switch to SSSG#1 with longer monitoring period within a COT. After the COT ends, the UE switches back to SSSG#0. It takes  symbols, as listed in Table 8, for a UE to accomplish a SSSG switching procedure. 
[bookmark: _Ref78228631]Table 6. Minimum value of  [symbols]
	
	Minimum  value for
 UE processing capability 1 [symbols]
	Minimum  value for
 UE processing capability 2 [symbols]

	0
	25
	10

	1
	25
	12

	2
	25
	22



A slot with 120 kHz SCS has a time duration of about 3 OFDM symbols in a mini-slot with 30 kHz SCS, which brings sufficient flexibility to channel access. Moreover, if slot-based PDCCH monitoring is supported for 480/960 kHz SCS, the PDCCH monitoring periodicity is as small as about 15 us, which is very close to a CCA sensing slot duration. Therefore, there is no need, from the perspective of monitoring periodicity, to introduce SSSG switching between mini-slot monitoring and slot-based monitoring, or between slot-based monitoring and multi-slot monitoring. However, for 480/960 kHz SCS, SSSG switching does save UE power when a multi-slot-based monitoring switch between a small periodicity and a large periodicity. 
Proposal 9: SSSG switching can be supported between two different periodicities of multi-slot-based monitoring in order to save UE power consumption on PDCCH monitoring. 
PDCCH monitoring overbooking
	…
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 or per span that exceed the corresponding maximum numbers per slot or per span, respectively.
For same cell scheduling or for cross-carrier scheduling, a UE does not expect a number of PDCCH candidates, and a number of corresponding non-overlapped CCEs per slot or per span on a secondary cell to be larger than the corresponding numbers that the UE is capable of monitoring on the secondary cell per slot or per span, respectively.
…



As quoted (from [2]) above, In Rel-15/16, gNB should ensure the number of monitored PDCCH candidate and non-overlapped CCE for configured CSS sets per slot not exceeding the maximum number per slot. PDCCH monitoring overbooking is not supported for secondary cell. As in Rel-15, for a secondary cell, the gNB should guarantee that the configured numbers of PDCCH candidates/CCEs in a slot group do not exceed the corresponding maximum numbers. Therefore, a UE expects no overbooking for secondary cell. Similar rules can be kept for UE with multi-slot PDCCH monitoring capability within X-slots group. 
Proposal 10: For UE with multi-slot PDCCH monitoring capability, NB should ensure the number of monitored PDCCH candidates and non-overlapped CCEs for configured CSS sets and all search spaces on secondary cell not exceeding the maximum number per X slots.
Suppose that the maximum number of PDCCH candidates/CCEs are defined per X slots (as shown in Table 3 and Table 4) such that the maximum number of PDCCH candidates/CCEs per X slots for 480/960 kHz SCS is the same as that per slot for 120 kHz SCS. Then, the Rel-15/16 overbooking rule for PCell with respect to a slot can be directly extended to multi-slot monitoring for 480/960 kHz SCS. The number of PDCCH candidates and non-overlapped CCE for a search space across all monitoring occasions in Y slots of X-slot pattern will be accumulated as a whole. If the number of monitored PDCCH candidates and non-overlapped CCE exceeding the maximum numbers per X-slot after SS j is added, all PDCCH candidates for UE-SS k with k>=j across the Y slots will be dropped.
Proposal 11: All PDCCH candidates for UE-SS k with k>=j across the Y slots will be dropped if the number of monitored PDCCH candidates and non-overlapped CCE exceeding the maximum numbers per X-slot after SS j is added.

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this paper, we discuss the PDCCH monitoring enhancement for the new SCSs. Specifically, the definition and specification impacts of multi-slot PDCCH monitoring are considered, and we have the following proposals:
Proposal 1: For 480 kHz SCS and 960 kHz SCS, Alt 1 is preferred for multi-slot PDCCH monitoring.
Proposal 2: Support fixed pattern aligned with slot boundary and Y slots always to start from beginning of X slot.
Proposal 3: Support capability report on the value of Y (1<=Y<=X/2, both in units of slot).
Proposal 4: Corresponding to FG3-1 in Rel-15, PDCCH monitoring occasion restricted in the first 3 OS of each of the Y slots in the X-slot group should be supported as a basic feature for type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS. 
Proposal 5: Corresponding to FG3-5a in Rel-15, PDCCH monitoring occasion in any OFDM symbols of a slot with 
· location of monitoring occasion maintained in the same symbols across different slots within a slot group, and
· a minimum time separation of 56 OS for 480 kHz SCS or 112 OS for 960 kHz SCS between the first monitoring occasions of two consecutive slot groups,
should be supported as an optional feature for type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS.
Proposal 6: Corresponding to FG3-1 in Rel-15, PDCCH monitoring occasion can be in any symbol(s) of a slot for Type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS. 
Proposal 7: The BD and CCE budgets for multi-slot PDCCH monitoring are defined within the Y consecutive slots per slot group. The maximum number of PDCCH candidates and non-overlapped CCEs per X slots for 480 kHz and 960 kHz SCSs is the same as for 120 kHz SCS with slot-level PDCCH monitoring.
Proposal 8: The time domain parameters of search space set configuration should be revised for multi-slot PDCCH monitoring for 480 kHz and 960 kHz, as follows:
· The unit of monitoringSlotPeriodicityAndOffset is changed to X-slots, with X=4 for 480 kHz and X=8 for 960 kHz.
· The unit of “duration” is changed to X-slots, with X=4 for 480 kHz and X=8 for 960 kHz.
· Additional slot level offset or extension of monitoringSymbolsWithinSlot is required if monitoring occasions are within the first Y>1 slots in an X-slots pattern. 
Proposal 9: SSSG switching can be supported between two different periodicities of multi-slot-based monitoring in order to save UE power consumption on PDCCH monitoring. 
Proposal 10: For UE with multi-slot PDCCH monitoring capability, NB should ensure the number of monitored PDCCH candidates and non-overlapped CCEs for configured CSS sets and all search spaces on secondary cell not exceeding the maximum number per X slots.
Proposal 11: All PDCCH candidates for UE-SS k with k>=j across the Y slots will be dropped if the number of monitored PDCCH candidates and non-overlapped CCE exceeding the maximum numbers per X-slot after SS j is added.
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