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1 Introduction
In this paper, we discuss the remaining issues regarding PDCCH search space, including

· PDCCH candidate mapping rule in Case 2 when overbooking
· Maximum number of blind decode in carrier aggregation with different numerologies
· Clarification on search space configurations in cross-carrier scheduling

2 PDCCH candidate mapping rule in Case 2 when overbooking
The following lists the agreements and working assumptions regarding PDCCH candidate mapping in RAN1 #92 and #92bis meetings. There was one FFS left for Case 2 in the last meeting.
RAN1 #92 

Agreements:

· Specify PDCCH candidate mapping rules. 

· PDCCH candidates are mapped to search-space-sets until either or both limit(s) of (number of blind decodes, CCEs for channel estimation) is/are met at least with the following rule

· SS type order, e.g. CSS  before USS 

· FFS: further rule within a search space set/type

RAN1 #92bis

Agreements:

· UE is not expected to be configured with PDCCH monitoring in CSS(s) for more than what UE can monitor in terms of numbers of BDs/CCEs
Working assumption:

· At least for Case 1-1 and Case 1-2, map all candidates of USS  search-space-set with lower SS set ID before candidates of USS with higher ID 

· If all candidates in a SS set can’t be mapped, any candidates in the SS set and in any subsequent SS sets are dropped (not mapped)

· Case 2 FFS 
Different from Case 1-1 and Case 1-2, the UE may need to monitor one search space set on more than one monitoring occasions on arbitrary symbols within a slot in Case 2. In our view, the unified rule for Case 1-1/1-2 and Case 2 should be considered. The proposed mapping rules for Case 2 are as follows.
1. For CSS monitoring, UE doesn’t expect to be configured a total number of PDCCH candidates in a slot exceeds maximum BD number and/or maximum CCE number for CE.
2. For USS monitoring, search space set with lower SS ID has higher priority than that with higher SS ID. If not all candidates in a search space set on all monitoring occasions in a slot are mapped, any candidate in the search space set and in any subsequence search space sets on any monitoring occasion in a slot is not monitored by UE.
Figure 1 illustrates the proposed mapping rule described above for Case 2. In Figure 1, the UE is configured with CSS #1, USS #2 and USS #3 in one slot. Assume that the BD number and/or CCE number for CE exceed(s) the maximum number(s) after mapping candidates to USS #3 on symbol #7. In this case, UE is not required to monitor USS#3 on all monitoring occasions, e.g., symbol #0 and symbol #7, in this slot. How to allocate the candidates over search space sets and monitoring occasions is up to gNB’s decision.
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Figure 1. Illustration of PDCCH candidate mapping
Proposal #1: In Case 2, for USS monitoring, search space set with lower SS ID has higher priority than that with higher SS ID. If not all candidates in a search space set on all monitoring occasions in a slot are mapped, any candidate in the search space set and in any subsequence search space sets on any monitoring occasion in a slot is not monitored by UE.
3 Maximum number of blind decode number in carrier aggregation with different numerologies
In 3GPP RAN1#92 meeting, following agreements were made for the maximal number of BD per slot and the UE capability signalling for PDCCH BD in CA.

Agreements:

· Confirm the value for Case 1-2. X=0 and Y=0 for Case 2. No consensus on additional 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]


Agreements:

· The UE capability signalling for PDCCH BDs in CA is integer value from {4, …, 16}.

· Discuss further whether or not to restrict the combination of the number of CCs that a UE can support vs. the number of PDCCH BDs indicated via UE capability signalling

In 3GPP RAN1 #92bis meeting, the following agreements were further provided for CA with the same numerology.

Agreements:

· Following working assumption is made:

· For a UE supporting CA with up to X DL-CCs with the same numerology with X <= 4, maximum number of PDCCH blind decodes per slot the UE shall support is X*M, and;

· For a UE supporting CA with up to Y DL-CCs with the same numerology Y > 4, maximum number of PDCCH blind decodes per slot the UE shall support is y*M, where;

· M = {44, 36, 22, 20} for SCS = {15kHz, 30kHz, 60kHz, 120kHz}

· y is an integer from {4, …, 16} and is reported as UE capability to the network.

· For a UE supporting CA with up to X DL-CCs with the same numerology with X <= 4, maximum number of CCEs for channel estimation per slot the UE shall support is X*N, and;

· For a UE supporting CA with up to Y DL-CCs with the same numerology with Y > 4, maximum number of CCEs for channel estimation per slot the UE shall support is y*N, where;

· N = {56, 56, 48, 32} for SCS = {15kHz, 30kHz, 60kHz, 120kHz}

· y is an integer from {4, …, 16} and is reported as UE capability to the network.

In this work, we further provide views on the maximum number of BD when not all CCs have the same numerology.

· For a UE supporting CA with up to X DL-CCs with X <= 4

· In this case, the number of BD that UE can support equals “X * the number of BD per slot of SCS 15 kHz”. For example, assume there are 3 CCs with SCS 15 kHz, 30 kHz and 30 kHz. The maximum number of BD the UE shall support per 1 ms is 132 (= 3*44).
· For a UE supporting CA with up to X DL-CCs with X  > 4

· In this case, when a UE reports n (4 <= n <= 16), the number of BD that can be supported by the UE is equalling to “n * the number of BD per slot of SCS 15 kHz”. For example, suppose UE reports “n=4”. Assume there are 5 CCs configured, the SCS of CC#1, CC#2 and CC#3 is 15 kHz, and the SCS of CC#4 and CC#5 is 30 kHz. The BD number UE can support per 1 ms is 176 (= 4*44).
Moreover, when the UE is configured to have X CCs, it is not reasonable to have all BDs on the same CC. We propose that the maximum number of BD for one CC per 1 ms is no larger than floor(Y*44/X), where Y is the configured CC number if Y <= 4, otherwise, Y is the UE reporting capability.
Proposal #2:
· For a UE supporting CA with up to X (X <= 4) DL-CCs and not all DL CCs have the same numerology, the maximum number of BD per 1 ms the UE shall support is X * 44.
· For a UE supporting CA with up to Y (Y > 4) DL-CCs and not all DL CCs have the same numerology, when a UE reports n (4 <= n <= 16), the maximum number of BD per 1 ms the UE shall support is n * 44.
Proposal #3: When CA is used without cross-carrier scheduling, the maximum number of BD for one CC per 1 ms is no larger than floor(Y*44/X)
· X is the configured CC number

· Y is the configured CC number if Y <= 4, otherwise, Y is UE reporting capability.
4 Clarification on search space configurations in cross-carrier scheduling
In RAN1 #92 meeting, the meaning of parameter 
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in hash function was clarified by the following agreements. 
Agreements:

· Mp,maxL is Mp,s,maxL  which is the maximum number of PDCCH candidates for the given aggregation level L across all serving cells for the given search space set s for the given CORESET p

When cross-carrier scheduling is used, 
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is the maximum number for the given aggregation level L across all 
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corresponding to serving cell with 
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 for the given search space set s for the given CORESET p. But, for a UE, it is not clear how to obtain the search space configurations for scheduled cell based on current specifications. In the following, 3 options are listed for search space configurations delivery of scheduled cells.

· Opt 1: the search space configurations of scheduled cells are carried in the UE-specific RRC signaling for scheduled cells.
· In this option, CORESET ID can be used to provide the connection between CORESET configurations of scheduling cell and search space configurations of scheduled cells. Assume Cell #0 and Cell #1 are scheduling cell and scheduled cell, respectively. The search space sets associated with CORESET #y of Cell #1 are monitored in CORESET #y of Cell #0 if the configurations for CORESET #y in both Cell #0 and Cell #1 are the same, where y is the CORESET ID. One restriction of Opt 1 is that the bandwidth of both serving cells should be the same because the frequency resource allocation of CORESET is BWP-specific. The other possible way is that the UE ignores the CORESET configurations of CORESET #y of Cell #1 after using the CORESET ID to associate the search space configurations of Cell #1 with CORESET #y of Cell #0.
· No new RRC parameter is needed.
· Opt 2: the search space configurations of scheduled cells are carried in the UE-specific RRC signaling for scheduling cells.
· The search space configurations of scheduled cells can be configured by search space configurations of scheduling cells. New RRC parameter, e.g., carrier indicator, is needed to distinguish which search space set is used to monitoring PDCCH corresponding to 
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· Opt 3: the search space configurations of scheduled cells are the same as that of scheduling cell.

· Similar as in LTE, the search space set of scheduled cell is shifted by an offset of multiple CCEs via hash function. The other parameters, e.g., number of candidates per aggregation level, monitoring periodicity, etc., are the same for search space sets corresponding to different carrier indicators.

· No new RRC parameter is needed.
We prefer Opt 3. Because the PDCCH scheduling PDSCH of scheduled cell is monitored by UE on the scheduling cell, the channel conditions for PDCCHs schedule PDSCHs of scheduling cell and scheduled cell are similar. As a result, it is reasonable to use the same search space configurations from scheduling cells for monitoring PDCCH corresponding to different carrier indicators.
Proposal #4: In cross-carrier scheduling, the search space configurations of scheduled cell are the same as that of scheduling cell.
5 Conclusions

In this paper, we discuss the remaining issues in search space, and the proposals are listed as follows.
Proposal #1: In Case 2, for USS monitoring, search space set with lower SS ID has higher priority than that with higher SS ID. If not all candidates in a search space set on all monitoring occasions in a slot are mapped, any candidate in the search space set and in any subsequence search space sets on any monitoring occasion in a slot is not monitored by UE.
Proposal #2:
· For a UE supporting CA with up to X (X <= 4) DL-CCs and not all DL CCs have the same numerology, the maximum number of BD per 1 ms the UE shall support is X * 44.

· For a UE supporting CA with up to Y (Y > 4) DL-CCs and not all DL CCs have the same numerology, when a UE reports n (4 <= n <= 16), the maximum number of BD per 1 ms the UE shall support is n * 44.

Proposal #3: When CA is used without cross-carrier scheduling, the maximum number of BD for one CC per 1 ms is no larger than floor(Y*44/X)

· X is the configured CC number

· Y is the configured CC number if Y <= 4, otherwise, Y is UE reporting capability.
Proposal #4: In cross-carrier scheduling, the search space configurations of scheduled cell are the same as that of scheduling cell.
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