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Introduction
During last meeting and email discussion, it had great achievements on search space/blind decode. 
And there are still some open issues on search space/blind decode designs. In this contribution, we provide our considerations on the following aspects.
· Number of PDCCH blind decodes for non-CA 
· Number of channel estimations for non-CA
· UE capability for the PDCCH monitoring occasions for non-CA
· UE capability for the number of PDCCH blind decodes in case of CA
Discussion
In NR, a given search space is defined as a set of PDCCH candidates at each aggregation level with certain PDCCH monitoring period. It was agreed that a single CORESET should be capable of supporting multiple search spaces. 
	Maximum number of PDCCH blind decodes for non-CA 
The first open issue is maximum number of PDCCH blind decodes for non-CA case, which depends on SCS and PDCCH monitoring period. The following is the agreements from the email discussion.
	Agreements:
· For non-CA and for PDCCH monitoring periodicity of 14 or more symbols, the maximum number of PDCCH blind decodes per slot is:
· Working assumption: 44 for SCS = 15kHz.
· Working assumption: less than 44 at least for SCS = 60kHz and 120kHz.
· For the given SCS, all UEs support the maximum number of PDCCH blind decodes per slot.
· Companies are encouraged to complete the following table.
· Aiming to finalize this at RAN1#91.

	No. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Periodicity of 14 or more symbols
	44
	[22-44]
	[11-44]
	[6-44]

	Periodicity of less than 14 symbols
	[44-86]
	[22-86]
	[11-44]
	[6-44]






When PDCCH monitoring period is 14 or more symbols, the maximum number of blind decodes for search space should be reduced by one half for increased sub-carrier spacing, since the symbol duration is decreased. In order to satisfy decoding processing time, it is natural that number of blind decodes should be proportionally reduced according to the increase of subcarrier spacing. 
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]When PDCCH monitoring period is less than 14 symbols, the maximum number of blind decodes in a slot duration should be less than or same as slot monitoring period. And the number of PDCCH candidates can be even distributed to each of monitoring occasion. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]If a UE is configured with both types of PDCCH monitoring period of 14 or more symbols and less than 14 symbols, furthermore these two PDCCHs are required to monitoring in a slot simultaneously. In this case the maximum number of blind decodes in a slot should be max(X1, X2), where X1is the maximum number of blind decodes for 14 or more symbols of PDCCH monitoring period in a slot, and X2 is the maximum number of blind decodes for less than 14 symbols of PDCCH monitoring period in a slot. The total number of blind decodes should be distributed over the CORESETs and/or the sets of search spaces in a slot. Therefore, maximum number of PDCCH blind decodes per slot for non-CA case is {44, 22, 11, 6} with the SCS of {15, 30, 60, 120} separately. 
Our proposal for this issue is as following
Proposal 1. [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Maximum number of PDCCH blind decodes per slot for non-CA case:
	No. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	14 or more symbols
	44
	22
	11
	6

	Less than 14 symbols
	32
	16
	8
	4


Proposal 2. Maximum number of PDCCH blind decodes per slot for non-CA case is {44, 22, 11, 6} with the SCS of {15, 30, 60, 120} separately.
Number of channel estimations for non-CA 
The second open issue is limit the maximum number of CCEs for channel estimation per slot.
	Agreements:
· Companies are encouraged to provide the views on the following aspects:
· Whether to specify upper limit of channel estimations a UE can perform for PDCCH;
· If yes, how channel estimation is defined (e.g., per CCE or per REG bundle, whether common counting principle between narrowband RS and wideband RS), and;
· What is the exact value of the upper limit of channel estimation a UE can perform for PDCCH.

	No. of CCEs that the UE can perform channel estimation per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Periodicity of 14 or more symbols
	[48-74]
	
	
	

	Periodicity of less than 14 symbols
	
	
	
	






As to the maximum number of blind decodes, it is preferred to define the maximum number of CCEs for channel estimation per slot in additional to limited the maximum number of blind decodes. Since a set of search space has no nested structure in NR, it increases the complexity of channel estimation especially in the case of large CORESET configuration. Large number of CCE aggregation levels for candidates imply a significant increasing channel estimation time and UE power consumption, especially in the high SCS values. 
For PDCCH monitoring periodicity of 14 or more symbols, at least the same value as LTE should be supported for 15 kHz. Same as blind decodes, the maximum number of CCEs for channel estimation should be reduced for increased sub-carrier spacing, since the symbol duration is decreased. Alignment of the processing time of channel estimation for different aggregation levels candidates with blind decodes numbers in the special SCS, we provide the set of maximum number of CCEs for channel estimation per slot for non-CA case is {48, 24, 24, 12} with the SCS of {15, 30, 60, 120} separately. These values also applies to PDCCH monitoring periodicity of less than 14 symbols. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]If a UE is configured with both types of PDCCH monitoring period of 14 or more symbols and less than 14 symbols, and these two PDCCHs are required to monitoring in a slot simultaneously. In this case the maximum number of CCEs for channel estimation in a slot should be max(Y1, Y2), where Y1 is the maximum number of CCEs for channel estimation in a slot when 14 or more symbols of PDCCH monitoring period applied, and Y2 is the maximum number of CCEs when less than 14 symbols applied. Therefore, maximum number of CCEs for channel estimation per slot for non-CA case is {48, 24, 24, 12} with the SCS of {15, 30, 60, 120} separately. 
Our proposal for this issue is as following:
Proposal 3. Maximum number of CCEs for channel estimation per slot for non-CA case:
	No. of CCEs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	14 or more symbols
	74
	36
	18
	18

	Less than 14 symbols
	74
	36
	18
	18



UE capability for the PDCCH monitoring occasions for non-CA
The third open issue is whether or not separate UE capabilities for PDCCH monitoring periodicity.
	Agreements:
· For each SCS, whether or not separate UE capabilities for PDCCH monitoring periodicities are needed is concluded at RAN1#91.

	
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Need of separate UE capabilities for (i) PDCCH monitoring of 14 or more symbols and (ii) PDCCH monitoring of less than 14 symbols
	Y/N
	Y/N
	Y/N
	Y/N






It is believed that the same maximum number of blind decodes per slot and the same maximum number of CCEs for channel estimation per slot should be applied for both cases of 14 or more symbols and less than 14 symbols for PDCCH monitoring period. 
So we prefer do not introduce two UE capabilities for PDCCH monitoring periodicity.
Proposal 4. Do not introduce two UE capabilities for PDCCH monitoring periodicity
	Number of PDCCH blind decodes in case of CA
The fourth open issue is the definition of N CCs in case of CA.
	Agreements:
· For CA with up to N CCs, maximum number of PDCCH blind decodes per slot for a UE depends on the number of configured CCs.
· All UEs supporting CA with the same set of CCs supports the same maximum number of PDCCH blind decodes.
· No explicit UE capability signaling to inform the maximum number of PDCCH blind decodes is reported.
· For CA with more than N CCs, maximum number of PDCCH blind decodes for a UE depends on the explicit UE capability.
· All UEs supporting CA with the same set of CCs supports at least the same number of PDCCH blind decodes.
· FFS: the value of N (no more than 8)


It provided three options on how to count the value N.
· Opt.1: N = sum of DL CCs + UL CCs
· Opt.2: N = max(DL CCs, UL CCs)
· Opt.3: N is calculated by the following:
· For a CC whose DL DCI and UL DCI share PDCCH BDs, this CC counts up 1.
· Otherwise, the CC counts up 2.
In case of carrier aggregation, the definition of N should be depend on the maximum number of DL CCs and UL CCs, no matter with whether the size of DL DCI and UL DCI is same or not. For example, when 2 DL CCs (one primary cell and one secondary cell) and 1 UL CCs (primary UL cell) are configured for a UE, the really blind decodes number is:
Blind decodes number for primary cell + additional blind decodes of UE-specific search space for a secondary cell
Where blind decodes number for primary cell contains blind decode for DL DCI and UL DCI, independent with same size or different size of DL and UL DCI. So we consider Opt 2 should be used.
Proposal 5. Opt.2: N = max(DL CCs, UL CCs) is used for definition of N CCs in case of CA.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following proposals.
Proposal 1. Maximum number of PDCCH blind decodes per slot for non-CA case:
	No. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	14 or more symbols
	44
	22
	11
	6

	Less than 14 symbols
	32
	16
	8
	4


Proposal 2. Maximum number of PDCCH blind decodes per slot for non-CA case is {44, 22, 11, 6} with the SCS of {15, 30, 60, 120} separately.
Proposal 3. Maximum number of CCEs for channel estimation per slot for non-CA case:
	No. of CCEs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	14 or more symbols
	74
	36
	18
	18

	Less than 14 symbols
	74
	36
	18
	18


Proposal 4. Do not introduce two UE capabilities for PDCCH monitoring periodicity
Proposal 5. Opt.2: N = max(DL CCs, UL CCs) is used for definition of N CCs in case of CA.
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