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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]At RAN1 # 92, the following agreements were reached regarding the monitoring of the DL control channel. 
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:
· 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:
· 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
In this contribution, we discuss the PDCCH candidate mapping rules when either or both limit(s) of (number of blind decodes, CCEs for channel estimation) is/are met. 
Discussion
It has been agreed that a UE can be configured with a set of ALs and a number of PDCCH candidates for each AL, but there may be some cases when the number of required PDCCH BDs in a slot would exceed the maximum number of allowed PDCCH BDs. Then, not all of the configured candidates can be mapped. In the last meeting, it has been agreed that the CSS has priority over USS. Thus, candidates for the CSS will be mapped first to the search space. However, this rule does not guarantee that the number of PDCCH BDs in a slot stays within the maximum number of allowed PDCCH BDs, because within one SS type, there can be many SSs and also within one SS there are many AL and  DCI formats to be monitored. Therefore, further PDCCH candidate mapping rules are needed. 
One example is given in table 1, the SCS is 15 kHz, the max number of PDCCH BDs per slot is then 44,  the total number of PDCCH BDs for CSS is 12. And 42 BDs would be needed together for the three USSs. In all 3 configured USSs the UE is supposed to monitor two DCI formats. 
Table 1 The assumptions of one example
	Content
	Assumption

	SCS
	15kHz

	the max number of PDCCH BDs per slot
	44

	SS type and number
	CSS:1
USS:3(USS 1,USS 2,USS 3)

	DCI format to be monitored in one USS
	DCI format 1 and  DCI format 2

	(AL, candidates) configuration for each DCI format
	DCI format 1: (16,2),(8,4),(4,4)  ,total BD =10
DCI format 2: (8,2),(4,2), total BD =4



[bookmark: _GoBack]The distribution of the max number of available PDCCH BDs can be seen in figure 1. The UE should monitor CSSs firstly and spends 12 BDs for that, then the remaining 32 BDs are used for monitoring the USSs. Ideally, 42 BDs would be needed to monitor all configured candidates. But since only 32 BD are available, the UE needs to know in which order the USSs should be monitored. For example, the UE could monitor PDCCH in smaller SS index firstly until the total number of PDCCH BD is equal to the max number of PDCCH BDs. Following this rule, there are only 4 BDs remaining for USS 3. Additionally, the UE also needs to know which DCI format is shall monitor firstly within a SS If a UE needs to monitor compact DCI and normal non-fallback DCI, the compact DCI should be monitored prior to the normal DCI because it may be used to schedule a more emergent service.

Figure 1: Illustration of the divide of the max number of PDCCH BDs
For USS 3, there are in our example only 4 BDs left that would be used to monitor DCI format 1. In total, 10 BDs would be required, therefore DCI format 2 would not be monitored. For the same DCI format , it has to be defined which AL should be monitored first. Because the higher AL may be used to schedule URLLC service or would be used for coverage reasons, the higher AL should be monitored firstly.In this example, the UE should monitor AL=16 firstly and then monitor AL=8 two times. It can be seen that there are 4 candidates configured to AL=8, so the last two candidates would be dropped.
The same considerations  should be taken into account to define rules for adapting the PDCCH mapping when the number of CCEs for channel estimation is limited. According to the above analysis, we give the following proposal and the corresponding text proposal is provided in Appendix 1. 
Proposal 1: 
· 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 index order, e.g. small index  before big index
· Within a search space, DCI format order, e.g. compact DCI before non-fallback DCI
· For a DCI format, AL order, e.g. high AL before low AL
· For an AL, candidates order, e.g. small CCE index before big CCE index.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
In this contribution, we provide our view on PDCCH monitoring aspects. We describe how to restrict the PDCCH mapping in case of a limited number of available BDs and/or CCEs for channel estimation. We make the following proposals.
Proposal 1: 
· 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 index order, e.g. small index  before big index
· Within a search space, DCI format order, e.g. compact DCI before non-fallback DCI
· For a DCI format, AL order, e.g. high AL before low AL
· For an AL, candidates order, e.g. small CCE index before big CCE index.
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Appendix 1
---------------------------------------------Start of text proposal--------------------------------------------------------
10.1	UE procedure for determining physical downlink control channel assignment 
…

Table 10.1-2 provides the maximum number of PDCCH candidates, , across all CCE aggregation levels and across all DCI formats with different size in a same search space that a UE is expected to monitor per slot and per serving cell as a function of the subcarrier spacing.   


Table 10.1-2: Maximum number of PDCCH candidates per slot and per serving cell as a function of the subcarrier spacing value  kHz, .
	

	
Maximum number of PDCCH candidates per slot and per serving cell 

	0
	44

	1
	36

	2
	22

	3
	20




Table 10.1-3 provides the maximum number of non-overlapped CCEs, , that a UE is expected to monitor per slot and per serving cell as a function of the subcarrier spacing, if the higher layer parameter Monitoring-symbols-PDCCH-within-slot indicates to a UE only one PDCCH monitoring occasion within a slot.
CCEs are non-overlapped if the correspond to
· different control resource set indexes, or 
· different first symbols for the reception of the respective PDCCH candidates.


Table 10.1-3: Maximum number of non-overlapped CCEs per slot and per serving cell as a function of the subcarrier spacing value  kHz, .
	

	
Maximum number of non-overlapped CCEs per slot and per serving cell 

	0
	56

	1
	56

	2
	48

	3
	32














Denote by  a set of search space sets  for common search spaces in a corresponding set  of control resource sets  and by  a set of search space sets  for UE-specific search spaces in a corresponding set  of control resource sets  where a UE monitors PDCCH candidates in a slot. If, the UE monitors  PDCCH candidates for the common search spaces and  PDCCH candidates for UE-specific search spaces in the slot.  
And if >, the UE monitors 
PDCCH candidates for UE-specific search spaces 1~k, and = PDCCH candidates for UE-specific search spaces k+1 and 0 PDCCH candidates for other UE-specific search spaces.
 And if , the UE monitors  PDCCH candidates for DCI format 1~x, and = PDCCH candidates for  DCI format 1+x and 0 PDCCH candidates for other DCI format.
And if , the UE monitors PDCCH candidates for the AL 1~v and =PDCCH candidates for the AL 2v and 0 PDCCH candidates for other AL.

--------------------------------------------- End of text proposal--------------------------------------------------------
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