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1 Introduction
Following RAN1 #90bis, much progress was made by email discussion towards the finalization of the search space design:
	Agreements:
PDCCH candidates having different DCI payload sizes count as separate blind decodes

PDCCH candidates comprised by different sets of CCE(s) count as separate blind decodes.

PDCCH candidates in different CORESETs count as separate blind decodes.

PDCCH candidates having the same DCI payload size and comprised by the same set of CCE(s) in the same CORESET count as one blind decodes.

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]

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

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).

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




However, many aspects remain open. In this document, we provide our views on some of these open issues. The discussion follows the list of open issues that has been distributed by the PDCCH feature lead prior to RAN1 #91.
2 Remaining details on search space
2.1 Number of PDCCH blind decodes for non-CA
RAN1 already agreed that for non-CA and for PDCCH monitoring periodicities of 14 or more symbols, the maximum number of PDCCH blind decodes is defined per slot. In our view, the same principle should apply for PDCCH monitoring periodicities of less than 14 symbols. For the non-CA case with PDCCH monitoring periodicities of 14 or more symbols, we can simply confirm the working assumptions as now issues have been identified. Our proposals for the number of PDCCH blind decodes per slot is given in Table 1 below. For 30kHz subcarrier spacing, the same value as in LTE can be used whereas for larger subcarrier spacings, i.e., shorter TTIs, the number can be half as many.
For the non-CA case with PDCCH monitoring periodicities of less than 14 symbols, additional PDCCH monitoring occasions exist in the middle of the slot (see Figure 1). Hence, the number of PDCCH blind decodes per slot should be larger such that the number of PDCCH blind decodes for slot based scheduling is not affected. We propose to double the number of PDCCH blind decodes per slot for the non-CA case with PDCCH monitoring periodicities of less than 14 symbols and the exact values are again presented in Table 1.
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Figure 1: For PDCCH monitoring periodicities of less than 14 symbols, 
additional PDCCH monitoring occasions exist in the middle of the slot
Proposal 1: For non-CA and any PDCCH monitoring periodicity, the maximum number of PDCCH blind decodes is defined per slot as follows:
Table 1: Number of PDCCH blind decodes per slot

	No. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Periodicity of 14 or more symbols
	44
	44
	22
	22

	Periodicity of less than 14 symbols
	86
	86
	44
	44


2.2 UE capability for the PDCCH monitoring occasions for non-CA
As is captured in the latest draft of TS 38.213, there are three key parameters that distinguish slot based and non-slot based transmissions:

1. CORESET-start-symb, i.e., whether the PDCCH scheduling the PDSCH is “at the beginning of the slot” or “in the middle of the slot”

2. Monitoring-periodicity-PDCCH-slot, i.e., whether the PDCCH monitoring periodicity is smaller than 14 OFDM symbols or not
3. PDSCH mapping type A or B, i.e., whether the DMRS position is according to DL-DMRS-typeA-pos or not

In addition, it is agreed that for the non-CA case with PDCCH monitoring periodicities of 14 or more symbols, for the given SCS, all UEs support the maximum number of PDCCH blind decodes per slot. 
Hence, it should suffice to define UE capabilities for PDCCH monitoring periodicities that are smaller than 14 OFDM symbols whereas all UEs support PDCCH monitoring periodicities that are 14 or more symbols. For these UEs, there should be no restriction on the CORESET-start-symb for PDCCHs scheduling PDSCH/PUSCH transmissions, i.e., for a given QCL assumption the CORESET can be configured to start anywhere in a slot. More details can be found in our companion contributions is [1]

 REF _Ref498698517 \r \h 
[2]

 REF _Ref498698520 \r \h 
[3]

 REF _Ref498698521 \r \h 
[4]

 REF _Ref498698522 \r \h 
[5]

 REF _Ref498698523 \r \h 
[6].
Proposal 2: 

· Define UE capabilities for PDCCH monitoring periodicities that are smaller than 14 OFDM symbols 
· All UEs support PDCCH monitoring periodicities that are 14 or more symbols
· For these UEs, there is no restriction on the CORESET-start-symb for PDCCHs scheduling PDSCH/PUSCH transmissions, i.e., for a given QCL assumption the CORESET can be configured to start anywhere in a slot

3 Conclusion

In this document, we provided our views on some of the open issues that have been distributed by the PDCCH feature lead prior to RAN1 #91. The following is proposed: 
Proposal 1: For non-CA and any PDCCH monitoring periodicity, the maximum number of PDCCH blind decodes is defined per slot as follows:
Table 1: Number of PDCCH blind decodes per slot

	No. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Periodicity of 14 or more symbols
	44
	44
	22
	22

	Periodicity of less than 14 symbols
	86
	86
	44
	44


Proposal 2: 

· Define UE capabilities for PDCCH monitoring periodicities that are smaller than 14 OFDM symbols 
· All UEs support PDCCH monitoring periodicities that are 14 or more symbols
· For these UEs, there is no restriction on the CORESET-start-symb for PDCCHs scheduling PDSCH/PUSCH transmissions, i.e., for a given QCL assumption the CORESET can be configured to start anywhere in a slot
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