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1. Introduction
In this contribution, we discuss following aspects of PDCCH control resource set and search space:
· Details on search space configuration
· Number of PDCCH blind decodes

2. Details on search space configuration
2.1.	Search space type
In TS38.213 Section 10.1, a search space is defined as following:
	A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search spaces. A search space can be a common search space or a UE-specific search space. A UE shall monitor PDCCH candidates in non-DRX slots in one or more of the following search spaces
· a Type0-PDCCH common search space for a DCI format with CRC scrambled by a SI-RNTI on a primary cell;
· a Type0A-PDCCH common search space for a DCI format with CRC scrambled by a SI-RNTI on a primary cell;
· a Type1-PDCCH common search space for a DCI format with CRC scrambled by a RA-RNTI, or a TC-RNTI, or a C-RNTI on a primary cell;
· a Type2-PDCCH common search space for a DCI format with CRC scrambled by a P-RNTI on a primary cell;
· a Type3-PDCCH common search space for a DCI format with CRC scrambled by INT-RNTI, or SFI-RNTI, or TPC-PUSCH-RNTI, or TPC-PUCCH-RNTI, or TPC-SRS-RNTI, or C-RNTI, or CS-RNTI(s); and
· a UE-specific search space for a DCI format with CRC scrambled by C-RNTI or CS-RNTI(s).



On the other hand, we have no explicit agreement on supporting multiple types for common search space. Indeed, TS38.331 defines searchSpaceType, in which common search space or UE-specific search space is configured as following:
	searchSpaceType							CHOICE {
		common									SEQUENCE {
			-- Monitoring of a group common PDCCH for at least SFI (Slot Format Indicator)
			-- FFS_CHECK: Is this really part of the common search space? Or entirely separate?
			sfi-PDCCH								SFI-PDCCH, 
			-- Turn on monitoring of DL preemption DCI
			-- FFS_CHECK: Is Preemp-DL needed at all? Can’t this be derived from the presence of the following INT-RNTI field?
[bookmark: _Hlk493253459]			preemp-DL								BOOLEAN, 
			-- RNTI used for indication pre-emption in DL. Also connected to monitoring of a Type2-PDCCH common search space. 
			-- (see 38.213, section 10)
			-- FFS: What does the abbreviation stand for? Add a better description
			-- FFS:_Verify that RNTI is still 16 bit.
			int-RNTI								BIT STRING (SIZE (16)),
			-- Set selection for DL-preemption indication, the set indication two different manners the DL preemption DCI 
			-- is interpreteded by the UE. Corresponds to L1 parameter 'int-TF-unit' (see 38.213, section 10.1)
			-- FFS: Clarify description.
			int-TF									ENUMERATED {set0, set1},
			-- Monitoring periodicity of DCI with INT-RNTI in number of slots. 
			-- Corresponds to L1 parameter 'INT-monitoring-periodicity' (see 38.213, section 11.2)
			monitoringPeriodicity					FFS_Value		OPTIONAL
		},
		ue-Specific								SEQUENCE {
			-- FFS: Parameters that are applicable only for USS?
		}
	}																				OPTIONAL, -- Need M

In the TS38.331, searchSpaceType has no distinguish between Types of CSS. Considering that CSS can also be configured by UE-specific RRC signaling, one of the following should be considered:
· Alt.1: For a search space configured by UE-specific RRC signalling, it is either CSS or USS.
· For the case of CSS, which type(s) of CSS function is turned on is identified by the parameter(s) included in the seachSpaceType.
· One CSS can support one or more DCI formats defined for different types of CSS.
· Alt.2: For a search space configured by UE-specific RRC signalling, it is either Type0, Type0A, Type1, Type2, Type3-CSS, or USS.
· For the case of CSS, depending on which Type the CSS is, different RRC parameters are included
· One CSS can support one or more DCI formats defined for one type of CSS. For multiple types of CSS, multiple search space configurations are necessary.
Either works, but one of the above should be selected. Our slight preference is Alt.2, which has less text change in TS38.213.

2.2.	Association between a search space configuration and monitored DCI format(s)
Currently, there is no configuration regarding which DCI format(s) is/are monitored for a given search space configuration. Monitoring different DCI format(s) on different search space configurations is beneficial for some cases to avoid unnecessary PDCCH blind decodes. For example, for USS, DCI formats 0_0 and 1_0 are monitored on a search space monitored at the beginning of a slot, while DCI formats 0_1 and 1_1 are monitored on a search space monitored at every 2 symbols. In addition, the size of DCI formats 0_0 and 1_0 is much smaller than that of DCI format 0_1 and 1_1 in some cases, under the same channel condition, the required AL for DCI format 0_0 and 1_0 is smaller than that of DCI format 0_1 and 1_1. Thus, it is preferable to configure separate search space for different DCI format(s). In order to realize this, additional RRC parameter is necessary to inform which DCI format(s) the UE shall monitor for the given search space configuration. This is particularly for USS (FFS: for CSS, depending on how/whether CSS-types are kept in the spec).

2.3.	Association between a search space configuration and RNTI(s)
For a given search space configuration, one or multiple RNTI(s) need to be monitored. The monitored RNTI can be based on the configuration of RNTI(s). For example, for a USS, if a SPS-RNTI is configured, then the UE monitors DCI format with CRC scrambled by the SPS-RNTI; otherwise not. In other words, whether the RNTI is included in the search space configuration turns-on/off monitoring the DCI format with CRC scrambled by the RNTI. This approach is already taken for the SFI-RNTI and INT-RNTI for CSS as seen in TS38.331; same approach is applicable for other cases.

Taking into account the discussions in the above 2.1, 2.2, and 2.3, following proposals are made:
Proposal 1:
· Each search space configuration, “SearchSpace”, includes “searchSpaceType”, which informs the UE of whether the search space configuration is one of {Type0-CSS, Type0A-CSS, Type1-CSS, Type2-CSS, Type3-CSS, or USS}.
· Each search space configuration, “SearchSpace”, includes a parameter informing which DCI format(s) to be monitored, at least for the case when the “searchSpaceType” is USS.
· The parameter informs whether DCI format 0_0 and 1_0 (fallback DCIs) are monitored in the search space.
· Note: it is assumed that DCI format 0_0 and 1_0 have the same DCI payload size.
· The parameter informs whether DCI format 1_0 is monitored in the search space.
· The parameter informs whether DCI format 1_1 is monitored in the search space.
· Each search space configuration, “SearchSpace”, includes a parameter informing which RNTI(s) to be monitored, at least for the case when the “searchSpaceType” is Type3-CSS or USS.
· For Type3-CSS, included RNTI(s) turns-on monitoring a DCI format with CRC scrambled by the RNTI(s). 
· Update the RRC parameter list and RAN1 spec. accordingly.

2.4.	Monitoring periodicity
So far, it was agreed that PDCCH monitoring periodicity is {1, 2, 5, 10, 20} slots, and PDCCH monitoring offset gives further monitoring occasion offset.
On the other hand, for GC-PDCCH carrying dynamic SFI, following agreements were achieved, and we propose modifying the specs accordingly in [1].
	Agreements at RAN1 #91 meeting:
· For GC-PDCCH monitoring, the period is GC-PDCCH SCS dependent
· For 15KHz SCS (slots based on 15kHz): 1,2,5,10,20
· For 30KHz SCS (slots based on 30kHz): 1, 2, 4, 5, 10, 20
· For 60KHz SCS (slots based on 60kHz): 1, 2, 4, 5, 8, 10, 20
· For 120KHz SCS (slots based on 120kHz): 1, 2, 4, 5, 10, 20



It is not reasonable to define different set of monitoring periodicities between regular PDCCH and GC-PDCCH. So we propose to reflect the above agreements also to regular PDCCH.
Proposal 2:
· Monitoring periodicities for PDCCH follows those for group common PDCCH.
· For monitoring periodicity of group common PDCCH, the remaining values of 4 for SCS 30kHz, 60kHz, 120kHz and 8 for 60kHz should be captured in TS38.331.

3. Number of PDCCH blind decodes
3.1.	Blind decodes for PDCCH scheduling RMSI
At the RAN1#91 meeting, following working assumption was made.
	Working assumption:
· For PDCCH monitoring for receiving RMSI, the number of PDCCH candidates are following:
· 4 candidates for AL = 4 
· 2 candidates for AL = 8
· DCI size for RMSI scheduling and DCI size for OSI scheduling are the same
· FFS: Paging and fallback



At that time, support of AL = 16 for PDCCH for receiving RMSI was not agreed and hence the working assumption did not reflect it. Besides, in the current working assumption, the number of candidates is common for any SCSs, while the total number of PDCCH blind decodes is different across SCSs. 
It is not preferable to limit the number of PDCCH blind decodes for data scheduling, due to the PDCCH monitoring for RMSI reception. Same as for PDCCH for data scheduling, the number of PDCCH blind decodes for receiving RMSI should be dependent on SCS.
Possible numbers of PDCCH blind decodes for receiving RMSI are given in Table. 1. Whether to monitor PDCCH AL = 16 depends on other conditions and should be discussed/concluded in initial access session. Besides, it should be discussed whether to support very compact DCI format for receiving RMSI (like LTE DCI format 1C). If supported, number of blind decodes is doubled.
	
	Number of PDCCH blind decodes for receiving RMSI

	
	SCS = 15kHz
	SCS = 30kHz
	SCS = 60kHz
	SCS = 120kHz

	
	wo AL16
	w AL16
	wo AL16
	w AL16
	wo AL16
	w AL16
	wo AL16
	w AL16

	AL1
	
	
	
	
	
	
	
	

	AL2
	
	
	
	
	
	
	
	

	AL4
	4(+4)
	2(+2)
	3(+3)
	1(+1)
	2(+2)
	1(+1)
	2(+2)
	1(+1)

	AL8
	2(+2)
	1(+1)
	2(+2)
	1(+1)
	2(+2)
	1(+1)
	2(+2)
	1(+1)

	AL16
	
	1(+1)
	
	1(+1)
	
	1(+1)
	
	1(+1)


* (+ …) is the additional number of PDCCH blind decodes for the case if very compact DCI format is supported

Proposal 3:
· Revisit the working assumption on the number of blind decodes for PDCCH scheduling RMSI.
· Adopt following table.
	
	Number of PDCCH blind decodes for receiving RMSI

	
	SCS = 15kHz
	SCS = 30kHz
	SCS = 60kHz
	SCS = 120kHz

	
	wo AL16
	w AL16
	wo AL16
	w AL16
	wo AL16
	w AL16
	wo AL16
	w AL16

	AL1
	
	
	
	
	
	
	
	

	AL2
	
	
	
	
	
	
	
	

	AL4
	4(+4)
	2(+2)
	3(+3)
	1(+1)
	2(+2)
	1(+1)
	2(+2)
	1(+1)

	AL8
	2(+2)
	1(+1)
	2(+2)
	1(+1)
	2(+2)
	1(+1)
	2(+2)
	1(+1)

	AL16
	
	1(+1)
	
	1(+1)
	
	1(+1)
	
	1(+1)


* (+ …) is the additional number of PDCCH blind decodes for the case if very compact DCI format is supported

3.2.	Number of blind decodes per slot
Following agreement has been agreed at the RAN1#91 meeting:
	Agreements:
· For information, the following cases are clarified:
· Case 1: PDCCH monitoring periodicity of 14 or more symbols
· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a slot
· Case 1-2: PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot
· For a given UE, all search space configurations are within the same span of 3 consecutive OFDM symbols in the slot
· Case 2: PDCCH monitoring periodicity of less than 14 symbols
· Note: this includes the PDCCH monitoring of up to three OFDM symbols at the beginning of a slot
· The numbers in bracket in the following table can be further adjusted but not to be increased
· X<=16, Y<=8
· FFS whether or not to have case 2’, where the values of X and/or Y can be smaller than case 2
	Max no. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Case 1-1
	44
	36
	22
	20

	Case 1-2
	[44]
	
	
	-

	Case 2
	[44+X]
	[36+Y]
	[22+Y]
	[20]






Remaining issues on the above aspects should be fixed to complete the exact UE behavior for PDCCH monitoring. Our views are following:
· Bracket of Case 1-2 on [44] should be removed, and 44 for Case 1-2 with SCS 15kHz should be confirmed.
· For Case 2, X=16 and Y=8.
· Case 2 is mainly for sub-6GHz URLLC. For this case, PDCCH blocking is critical problem. Therefore, it is important to ensure as higher number of PDCCH blind decodings as possible.
· Adding Case 2’, which has the same entries as for Case 1-1.
· Case 2’ is mainly for above-6GHz analog-BF. The number of PDCCH blind decodes per monitoring occasion can be small, but the monitoring periodicity shorter than a slot is essential.

Proposal 4:
· Update the table for PDCCH blind decoding numbers as following. 
	Max no. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Case 1-1
	44
	36
	22
	20

	Case 1-2
	44
	
	
	-

	Case 2 (for URLLC at sub-6GHz)
	44+16
	36+8
	22+8
	20

	Case 2’ (for analog-BF at above-6GHz)
	44
	36
	22
	20



3.3.	Solution to channel estimation complexity
At the RAN1#91 meeting, channel estimation complexity for PDCCH was identified as an issue. We do not prefer to specify very complicated method to restrict the channel estimation complexity, e.g., count the actual number of channel estimations and apply overbooking when it exceeds a threshold.
Our first preference is to define an enough number of channel estimations relative to the number of PDCCH blind decodes, so that the channel estimation is not the limiting factor as long as reasonable search space profiles are configured. For example, for Case 1-1 with SCS 15kHz, support of up to 74 CCEs allows the same set of LTE PDCCH monitoring configurations. If it is challenging to define an enough number of channel estimations relative to the number of PDCCH blind decodes, then our second preference is to modify the current hash-function equation such that different PDCCH candidates on different aggregation levels are mostly overlapped in nested manner. 
Proposal 5:
· Support enough number of channel estimations relative to the number of PDCCH blind decodes.
· Otherwise, modify the PDCCH search space hash-function as following:
· A CCE of a PDCCH candidate at the highest aggregation level is given by the following hash function:
· , 
· Where  is the highest aggregation level,  is the number of PDCCH candidates with the highest aggregation level, and  is the number of CCEs for the given CORESET.
· A CCE of a PDCCH candidate at the other aggregation level(s) is/are given by the following hash function:
· ,
· Where  is the aggregation level (not the highest), and  is the number of PDCCH candidates with the aggregation level.
· Note: the  CCEs are the CCEs used for PDCCH candidates including pseudo candidates with the highest aggregation level.

4. Conclusion
In this contribution, we discussed remaining aspects of search spaces and made following proposals.
Proposal 1:
· Each search space configuration, “SearchSpace”, includes “searchSpaceType”, which informs the UE of whether the search space configuration is one of {Type0-CSS, Type0A-CSS, Type1-CSS, Type2-CSS, Type3-CSS, or USS}.
· Each search space configuration, “SearchSpace”, includes a parameter informing which DCI format(s) to be monitored, at least for the case when the “searchSpaceType” is USS.
· The parameter informs whether DCI format 0_0 and 1_0 (fallback DCIs) are monitored in the search space.
· Note: it is assumed that DCI format 0_0 and 1_0 have the same DCI payload size.
· The parameter informs whether DCI format 1_0 is monitored in the search space.
· The parameter informs whether DCI format 1_1 is monitored in the search space.
· Each search space configuration, “SearchSpace”, includes a parameter informing which RNTI(s) to be monitored, at least for the case when the “searchSpaceType” is Type3-CSS or USS.
· For Type3-CSS, included RNTI(s) turns-on monitoring a DCI format with CRC scrambled by the RNTI(s). 
· Update the RRC parameter list and RAN1 spec. accordingly.

Proposal 2:
· Monitoring periodicities for PDCCH follows those for group common PDCCH.
· For monitoring periodicity of group common PDCCH, the remaining values of 4 for SCS 30kHz, 60kHz, 120kHz and 8 for 60kHz should be captured in TS38.331.

Proposal 3:
· Revisit the working assumption on the number of blind decodes for PDCCH scheduling RMSI.
· Adopt following table.
	
	Number of PDCCH blind decodes for receiving RMSI

	
	SCS = 15kHz
	SCS = 30kHz
	SCS = 60kHz
	SCS = 120kHz

	
	wo AL16
	w AL16
	wo AL16
	w AL16
	wo AL16
	w AL16
	wo AL16
	w AL16

	AL1
	
	
	
	
	
	
	
	

	AL2
	
	
	
	
	
	
	
	

	AL4
	4(+4)
	2(+2)
	3(+3)
	1(+1)
	2(+2)
	1(+1)
	2(+2)
	1(+1)

	AL8
	2(+2)
	1(+1)
	2(+2)
	1(+1)
	2(+2)
	1(+1)
	2(+2)
	1(+1)

	AL16
	
	1(+1)
	
	1(+1)
	
	1(+1)
	
	1(+1)


* (+ …) is the additional number of PDCCH blind decodes for the case if very compact DCI format is supported
Proposal 4:
· Update the table for PDCCH blind decoding numbers as following. 
	Max no. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Case 1-1
	44
	36
	22
	20

	Case 1-2
	44
	
	
	-

	Case 2 (for URLLC at sub-6GHz)
	44+16
	36+8
	22+8
	20

	Case 2’ (for analog-BF at above-6GHz)
	44
	36
	22
	20



Proposal 5:
· Support enough number of channel estimations relative to the number of PDCCH blind decodes.
· Otherwise, modify the PDCCH search space hash-function as following:
· A CCE of a PDCCH candidate at the highest aggregation level is given by the following hash function:
· , 
· Where  is the highest aggregation level,  is the number of PDCCH candidates with the highest aggregation level, and  is the number of CCEs for the given CORESET.
· A CCE of a PDCCH candidate at the other aggregation level(s) is/are given by the following hash function:
· ,
· Where  is the aggregation level (not the highest), and  is the number of PDCCH candidates with the aggregation level.
· Note: the  CCEs are the CCEs used for PDCCH candidates including pseudo candidates with the highest aggregation level.
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