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Introduction
This document discusses the remaining details related to search spaces.
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Search space randomization
In the current NR specification 38.213 the search space candidates are defined as follows:





This definition does not support search space randomization because the search space candidate parameter does not have any time dependence. The indexing of the search space candidate parameter  is incorrect since the monitoring periodicity  cannot be used in this context.


In LTE, the search space randomization is reset every radio frame (i.e., the index of the parameter  is the subframe number within a radio frame). Since a LTE UE monitors a UE-specific search space in every sub-frame, this means that the period of the randomization is 10. In NR, it is currently unspecified when the search space randomization should be reset.
Two things need clarification:
· 


When is the search space candidate parameter  (currently incorrectly denoted ) updated, i.e., what is the meaning of the index ?
· 
What is the period of the randomization, i.e., when is the index reset?
In NR, the monitoring periodicity  of a search space  can be every one, two, five, ten or twenty slots (given by the parameter Monitoring-periodicity-PDCCH-slot). For each monitored slot, there can be one or more monitoring occasions (given by the higher layer parameter Monitoring-symbols-PDCCH-within-slot). The number of slots in an NR radio frame depends on the subcarrier spacing configuration :

	

	


	0
	10

	1
	20

	2
	40

	3
	80



It can be seen that for some configurations, the number of monitoring occasions per radio frame can be less than one. 


In general, to maximize diversity against PDCCH blocking, the index  should be updated multiple times before the randomization is reset. For more infrequent periodicities, it may not be necessary for the search space to be randomized since the period between different monitoring occasions is quite large and it is not expected that UEs will be configured with such infrequent monitoring occasions in situations where randomization is important such as at high load operating points. We therefore propose to use the slot number normalized with the periodicity for the CORESET for the index . This would minimize the number of updates needed while providing adequate randomization. 
Definition of Type0-PDCCH common search space
Table 10.1-1 in 38.213 specifies the CCE aggregation levels and number of PDCCH candidates for Type0-PDCCH common search space.
Table 10.1-1: CCE aggregation levels and number of candidates per CCE aggregation level for PDCCH scheduling SystemInformationBlockType1 in Type0-PDCCH common search space
	CCE Aggregation Level
	Number of Candidates

	4
	4

	8
	2

	16
	X



The following issues need to be addressed:
· The number of candidates for aggregation level 16 needs to be specified.
· It should be clarified how the case that the number of CCEs in the CORESET is smaller than required for the specified number of candidates is handled.
For the first issue regarding aggregation level 16, the best option is to set the number of candidates to 1. 


Regarding the second issue, the specification could state that the number of candidates for any aggregation level is limited to the minimum of the number provided in Table 10.1-1 and , where  is the number of CCEs in the CORESET, but it is not clear that this is necessary.
Draft text for 38.213, subclause 10.1
A text proposal to incorporate the proposals in this contribution into 36.213 is provided below. 
------------------------------ Begin text proposal -----------------------------------------
[bookmark: _Toc501387558][bookmark: _Ref491451763][bookmark: _Ref491466492]10.1	UE procedure for determining physical downlink control channel assignment 
----------------------------------------  Unchanged parts omitted ----------------------------------------------------
Table 10.1-1: CCE aggregation levels and number of candidates per CCE aggregation level for PDCCH scheduling SystemInformationBlockType1 in Type0-PDCCH common search space
	CCE Aggregation Level
	Number of Candidates

	4
	4

	8
	2

	16
	1X



----------------------------------------  Unchanged parts omitted ----------------------------------------------------



For a control resource set , the CCEs corresponding to PDCCH candidate  of the search space for a serving cell corresponding to carrier indicator field value  are given by 


where

for any common search space,; 






for a UE-specific search space, , , , , and ;

;
 is the slot number in a frame as defined in [4].

;


 is the carrier indicator field value if the UE is configured with a carrier indicator field for the serving cell on which PDCCH is monitored; otherwise, including for any common search space, ;



 is the number of CCEs, numbered from 0 to , in control resource set ; 




, where  is the number of PDCCH candidates the UE is configured to monitor for aggregation level  for a serving cell corresponding to ; 

for any common search space, ; 





for a UE-specific search space, is the maximum of  for all corresponding DCI formats over all configured  values for a CCE aggregation level  in control resource set ;

the RNTI value used for  is defined in [5, TS 38.212] and in [6, TS 38.214].

---------------------------------------------- End text proposal ---------------------------------------------------
 
Conclusion
This contribution addressed some remaining issues related to search spaces and proposed some text to update the specifications. We propose the following.
Proposal: Endorse the text proposal in Section 2.3 of this contribution for subclause 10.1 in TS 36.213.
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