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Introduction
The search space design for PDCCH was discussed in RAN2 #92, the following agreements were achieved [1]:
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
	36
	22
	20


Agreements:
· Confirm the following working assumption, with updates:
· At least for case 1-1 and case 1-2, all UE supports channel estimation capability for following numbers of CCEs for a given slot per scheduled cell
· 56 CCEs for SCS = 15kHz and 30kHz
· 48 CCEs for SCS = 60kHz
· 32 CCEs for SCS = 120kHz
· FFS: cross-carrier scheduling
· FFS: overbooking and/or nested structure
· FFS: exceptional case of CCE counting
· FFS: for case 2
Agreements:
· The number of CCEs for PDCCH channel estimation which refers to the union of the sets of CCEs for PDCCH candidates to be monitored, regardless of which REG-bundle size or precoder granularity.
· Overlapped CCEs associated with different CORESETs are counted separately.
· Overlapped CCEs associated with different PDCCH starting symbols with the same or different search space sets with the same CORESET are counted separately.
· Overlapped CCEs associated with same or different search space sets with the same PDCCH starting symbol associated with the same CORESET are counted one.
· Note: in the above, the overlapping CCEs for candidates for a given search space set with different starting symbols are assumed to be supported.
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

Agreements:
· The UE capability signaling 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 this contribution, we discuss the remaining issues of blind decoding and channel estimation capability. 
Discussion
Number of CCEs for channel estimation of Case 2
In RAN1 #92 meeting, the number of blind decoding was agreed [1]. The same number of blind decoding for Case 2 as Case 1-1/1-2.
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
	36
	22
	20


Generally the number of CCEs for channel estimation is related to the number of blind decoding. Then it is reasonable to assume the same number of CCEs for channel estimation of Case 2 as Case 1-1/1-2. The number of CCE for channel estimation of Case 1-1/1-2 was agreed in RAN1 #92 meeting, then we propose: 
Proposal 1: For case 2, all UE supports channel estimation capability for following numbers of CCEs for a given slot per scheduled cell
· 56 CCEs for SCS = 15kHz and 30kHz
· 48 CCEs for SCS = 60kHz
· 32 CCEs for SCS = 120kHz
Cross-carrier scheduling
The number of blind decoding per slot per cell depends on the configuration of search space, i.e., whether the search space monitoring period is larger or equal to one slot (Case 1-1 and 1-2), or less than a slot (Case 2). We think it also applies to channel estimation capability. Both number of blind decoding and channel estimation capability should be considered and discussed in different scenarios,  such as cross-carrier scheduling, overbooking and nested structure, etc.
Proposal 2: Both blind decoding and channel estimation capability should be considered and discussed in different scenarios, such as cross-carrier scheduling, overbooking and nested structure.
The blind decoding and channel estimation capability are defined per slot per carrier. In case of carrier aggregation, the number of blind decoding was agreed as follows [3]:

Agreement
· For the following previous agreement, N=4
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).

From the above agreement, the number of blind decoding per slot is determined by the number of configured CCs. For cross-carrier scheduling, it means that the UE supports carrier aggregation, and the number of blind decoding and channel estimation should be increased with number of scheduling and scheduled CCs. 
For example, if there are two carriers and PDCCH on carrier1 can schedule PDSCH on both carrier 1 and carrier 2. Then UE supports CA with two carriers. The total number of blind decoding in case 1-1 is about 76 (= 12+32*2, assuming 12 is number of blind decoding for CSS and 32 for USS) per slot.  
In case the UE can support more than 4 carriers, it needs to report the capability to gNB. It is necessary to restrict the combination between number of blind decoding and number of carriers so that gNB can do appropriate scheduling based on the reported carrier capability. 
Proposal 3: 
· For cross-carrier scheduling with up to 4 carriers, the number of blind decoding and CCEs for channel estimation should be increased with the number of aggregated CCs.
· It is necessary to restrict the combination between number of blind decoding and number of carriers. 
Overbooking
The number of PDCCH candidates is defined per search space and per aggregation level. Up to 10 search spaces can be configured per BWP per cell and per UE, AL can be defined as AL=1, 2, 4, 8 or 16. And different monitoring period can be defined for each search space. Overbooking means that the configured number of PDCCH candidates and associated PDCCH blind decoding in some slots is larger than maximal number of blind decoding of UE. In this case, dropping rules should be defined. An illustration of overbooking is shown in figure 1. The NW configures 3 search spaces for UE, one common search space and two UE-specific search spaces. Different monitoring period and PDCCH blind decoding are configured per search space. In most of the slots, the number of blind decoding is less than 44. While in some slots the number of blind decoding is overbooked and higher than 44, which is maximal number of blind decoding per slot. 


Figure 1 Illustration of number of PDCCH candidates per slot per search space.
In the case of overbooking, some dropping rules of PDCCH candidates should be defined so that there is same behavior between NW and UE to avoid missing PDCCH decoding. Generally, the number of PDCCH candidates for some specific search spaces can be configured less to reduce the number of blind decoding and channel estimation.  
Proposal 4: In case of overbooking, the number of PDCCH candidates per search space can be reduced
The PDCCH candidates mapping rules were discussed in RAN1 #92 [1] and it was agreed that: 
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

To map the PDCCH candidates across search spaces, the order can be based on search space index or aggregation level. There are two options.
· Option 1: the order is search space firstly, then aggregation level
· For a specific aggregation level, the PDCCH candidates are mapped to search space in the increasing order of search space ID. Then mapped for the next aggregation level
· Option 2: the order is aggregation level firstly, then search space.
· For a specific search space, the PDCCH candidates are mapped to the search space in the decreasing order of aggregation level. Then mapped for the next search space
We slightly prefer option 2, since it has the possibility that some specific search space, such as CSS or USS for URLLC scheduling which is more important than others, is not affected in case of overbooking. For a specific aggregation level in a search space, we propose the number of PDCCH candidates are reduced proportionally to promise that there are PDCCH candidates for each aggregation level. 
Proposal 5: 
· The mapping of PDCCH candidates to search space should be in the order of aggregation level firstly, then search space
· Within a search space, the number of PDCCH candidates per aggregation level is reduced proportionally in case of overbooking.
Nested search space structure
Nested search space structure is proposed and discussed in several meeting [4]. One example of nested search space is shown in figure 2.
AL=8
AL=4

AL=2

AL=1



[bookmark: _Ref476055455]Figure 2  Nested CCE AL structure
Figure 2 shows an example of nested PDCCH structure, from which it can be noted that PDCCH candidates with different AL (e.g., 1, 2, 4, and 8) all share (or partially shared) the same sets of resources. The benefits of such structure is that the channel estimation done on this set of resources could be reused by decoding all PDCCH candidates with different AL, and thus save the overall channel estimation efforts.  
Observation 1: Search space with nested structure can save the overall channel estimation efforts.
The nested search space structure shown in figure 2 can be called a search space block. A UE could be configured with one or multiple search space blocks, each of which contains a combination of PDCCH candidates of different CCE AL. In case of overbooking, the whole search space block with all of the PDCCH candidates within it can be removed to reduce the number of blind decoding or channel estimation. Or else, the number of PDCCH candidates of a specific AL within a search space block and all of the ALs who have the same CCE resource as the specific AL can be set to 0. 
Proposal 6: In case of overbooking, the whole or part of search space block and all of the ALs within it can be removed to reduce number of blind decoding or channel estimation.
Conclusions
In this contribution, some remaining issues search space design are discussed. The following observation and proposals summarize the discussion and our views.
Proposal 1: For case 2, all UE supports channel estimation capability for following numbers of CCEs for a given slot per scheduled cell
· 56 CCEs for SCS = 15kHz and 30kHz
· 48 CCEs for SCS = 60kHz
· 32 CCEs for SCS = 120kHz
Proposal 2: Both blind decoding and channel estimation capability should be considered and discussed in different scenarios, such as cross-carrier scheduling, overbooking and nested structure.
Proposal 3: 
· For cross-carrier scheduling with up to 4 carriers, the number of blind decoding and CCEs for channel estimation should be increased with the number of aggregated CCs.
· It is necessary to restrict the combination between number of blind decoding and number of carriers. 
Proposal 4: In case of overbooking, the number of PDCCH candidates per search space can be reduced
Proposal 5: 
· The mapping of PDCCH candidates to search space should be in the order of aggregation level firstly, then search space
· Within a search space, the number of PDCCH candidates per aggregation level is reduced proportionally in case of overbooking.
Proposal 6: In case of overbooking, the whole or part of search space block and all of the ALs within it can be removed to reduce number of blind decoding or channel estimation.
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