Page 8
Draft prETS 300 ???: Month YYYY
3GPP TSG RAN WG1 Meeting #92bis		   R1-1804098
Sanya, China, April 16th – 20th, 2018

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Source: 	CMCC
[bookmark: Title]Title:	Discussion on PDCCH blind decoding dropping rule
Agenda item:	7.1.3.1.2
[bookmark: DocumentFor]Document for:	Discussion & Decision
1. [bookmark: _Toc120549591]Introduction
In RAN1 #92 meeting, the following agreement is achieved:
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
In this contribution, we will discuss the PDCCH blind decoding candidates dropping rule in USS if limit of number of blind decodes is met. 
2. Discussion on PDCCH blind decoding dropping rule in USS
In the current spec TS 38.213 [1], the maximum number of PDCCH candidates which UE can blind decode in a slot is given as the following table 10.1-2, 


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



Because of the number of PDCCH candidates per CCE aggregation level in a search space set is configured by higher layer parameters, and the different search space sets also have different monitoring periodicity and monitoring offset, the total number of PDCCH candidates may exceed the maximum limited PDCCH candidates number in table 10.1-2.
Considering this PDCCH blind decoding case, the current spec TS 38.213 propose the solution that PDCCH candidates in CSS have priority than PDCCH candidates in USS as following:











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.  
If limit of PDCCH candidates number for UE-specific search spaces in a slot is met, UE will drop some PDCCH candidates in USS. Same dropping rule should be introduced to gNB and UE, otherwise UE may miss decoding PDCCH.
For the rule of dropping PDCCH candidates in USS, the PDCCH candidates number, different aggregation levels and different search spaces should be considered. Consequently, we propose the following basic dropping rules.
· Rule 1: The dropped PDCCH candidates should be distributed among different aggregation levels. Each aggregation level should include at least one PDCCH candidate, if the limits of number of PDCCH candidates allows. If the limits of number of PDCCH candidates does not allows each aggregation level include at least one PDCCH candidate, the dropping needs to start from AL with lower values. 
[bookmark: _GoBack]Different aggregation levels are configured to UEs according to the different coverage scenario. For example, aggregation level 1 or 2 can be used for cell centre UE and aggregation level 8 or 16 can be used to cell edge UE. If the lower aggregation level PDCCH candidates are all dropped, the cell centre UE needs to use higher aggregation level PDCCH candidate, which will cause higher blocking possibility with other cell edge UE. In the other hand, if higher aggregation level PDCCH candidates are all dropped, the PDCCH coverage and decoding performance can not be guaranteed. Therefore, the dropped PDCCH candidates should be distributed among different aggregation levels to avoid some aggregation levels are dropped completely. That means each aggregation level should remain at least one PDCCH candidates, if the limits of number of PDCCH candidates allows. If the limits of number of PDCCH candidates does not allows each aggregation level include at least one PDCCH candidate, the dropping needs to start from AL with lower values. 
· Rule 2: The dropped PDCCH candidates should be distributed among different search spaces .
Similar to rule 1, the dropped PDCCH candidates should also be distributed among different search space. The first reason is that distribute the dropping PDCCH candidates in different search spaces can reduce the blocking probability with other UEs. The another reason is that different search spaces are associated to different CORESETs which have different TCI states, randomize dropping PDCCH candidates in different search spaces can avoid the beam failure.
And what’s more, the PDCCH candidates dropping number should consider the DCI format configuration in each UE-specific search space. That is because when different DCI format sizes is configured to be monitored for the same search space, one PDCCH candidates will count more than one blind decoding.
Based on the above PDCCH blind decoding dropping rules, we propose the following three-step PDCCH blind decoding dropping scheme. 
· Step1：Calculate the dropped PDCCH candidates number for each search space.
In NR, higher layer parameter configures UE monitors PDCCH either for DCI format 0_0 and DCI format 1_0, or for DCI format 0_1 and DCI format 1_1 in a USS. DCI format 0_0 and DCI format 1_0 have the same size, but DCI format 0_1 and DCI format 1_1 can have different size. Therefore, if UE drops one PDCCH candidate with format 0_0/1_0, the dropped blind decoding counts one. Otherwise, one dropping PDCCH candidate with format 0_1/1_1 which have different size counts two blind decoding. The calculation of dropping PDCCH candidates should consider the DCI format.








Assume UE monitor  PDCCH candidates for UE-specific search spaces in the slot, the number of dropped PDCCH candidates is . Denote  as the total UE-specific search spaces number among all the CORESET configured for a UE, the dropped PDCCH candidates for USS index i is  which satisfies the equation as .  is the blind decoding number per PDCCH candidate, where  if only one DCI format size will be monitored for the USS index i. otherwise,  when two DCI format sizes will be monitored for the USS index i.



In order to distribute the dropped PDCCH candidates among different search spaces, each search space can first drop  PDCCH candidates. If the total dropped PDCCH blind decoding is smaller than , some search spaces should drop additional one PDCCH candidate. The second drop priority is based on the PDCCH candidates number in each search space, that is the search space will maximum candidate number will be additionally drop first. One additional PDCCH candidate is dropped begin from the USS with largest PDCCH candidates number and then those with second, third,…, largest PDCCH candidates number, until  is satisfied. Note if one USS is configured with DCI format 0_1/1_1, the dropped blind decoding is count as two in second drop as well. For example, assume after the first drop, there are still three additional blind decoding need to be dropped. Three USS are configured which USS index 1 has total 8 PDCCH candidates with DCI format 0_0/1_0, USS index 2 has total 6 PDCCH candidates with DCI format 0_1/1_1, and USS index 3 has total 4 PDCCH candidates with DCI format 0_1/1_1. According to the second drop priority, USS index 1 drops one PDCCH candidate and USS index 2 also drops one PDCCH candidate to fulfil the additional three blind decoding needed to be dropped.
· Step2：Confirm the dropping PDCCH candidates index for each search space.


After calculating dropped PDCCH candidates number  for each search space, the second step is to determine which PDCCH candidates should be dropped in each search space. In order to satisfy rule 1, we propose a simple scheme by indexing each PDCCH candidate of all aggregation levels and dropping the last  indexed PDCCH candidate.

The aggregation levels and PDCCH candidates number can compose a two-dimensional matrix, the first PDCCH candidate index is on the upper right corner and zigzag to the lower left quarter of the matrix. Figure 1 is an example of the index scheme, the USS contains four aggregation levels {1, 2, 4, 8} and the candidates number for each aggregation level is {4, 4, 2, 2}. After give each PDCCH candidate an index, the last  indexed PDCCH candidates should be dropped.
Figure 1. The zigzag index of PDCCH candidates in a USS
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	Candidate dropping index
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· Step3：determine the left PDCCH candidates number for each USS in each CORESET.


After dropping the PDCCH candidates for each USS, the left PDCCH candidates number for each aggregation level, each UE specific search space in each CORESET is derived, denoted by . UE determines the CCE index for aggregation level L of a search space set according to 







With , where  is the number of PDCCH candidates the UE is configured to monitor or the remained number of PDCCH candidates after dropping for aggregation level  for a serving cell corresponding to  and a search space set .
Proposal 1: The following dropping rule should be considered in the PDCCH blind decoding dropping in UE-specific search space:
· The dropped PDCCH candidates should be distributed among different search spaces. The search space with larger number of PDCCH candidates can drop more PDCCH candidates.
· The dropped PDCCH candidates in a UE-specific search space should be distributed among different aggregation levels. The zigzag priority based on the aggregation levels and PDCCH candidates number per aggregation level can be used to determine which candidates can be dropped.   
· The PDCCH candidates dropping number should consider the DCI format configuration in each UE-specific search space.
3. Conclusions
In this contribution, the PDCCH blind decoding candidates dropping rule in USS is discussed, and the following proposal is made.
Proposal 1: The following dropping rule should be considered in the PDCCH blind decoding dropping in UE-specific search space:
· The dropped PDCCH candidates should be distributed among different search spaces. The search space with larger number of PDCCH candidates can drop more PDCCH candidates.
· The dropped PDCCH candidates in a UE-specific search space should be distributed among different aggregation levels. The zigzag priority based on the aggregation levels and PDCCH candidates number per aggregation level can be used to determine which candidates can be dropped.  
· The PDCCH candidates dropping number should consider the DCI format configuration in each UE-specific search space.
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