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[bookmark: OLE_LINK192][bookmark: OLE_LINK193]In 3GPP RAN1 Meeting #90 [1], the following agreements were achieved:
· At least for initial access, RAR is carried in NR-PDSCH scheduled by NR-PDCCH in CORESET configured in RACH configuration.
In 3GPP RAN1 Meeting #91 [2], the following agreements were achieved:
· C-SS in each DL BWP of the PCell/PScell
· On C-SS, Yp ,kp= 0.
· In Rel.15, 
· For scheduling RMSI, OSI, Paging, UE monitors common search space in the PCell only
· In addition, for random access and fall back, UE monitors common search space in the PCell and PSCell only
· Working assumption: The UE is not expected to be configured without C-SS on the PCell (PSCell) in the active DL BWP 
· NOTE: RAN1 does not expect additional impact on the UE behavior due to not having PRACH resource in the BWP
· Working assumption: In Rel.15, 
· A UE is expected to monitor C-SS (if configured) in the activated BWP
· Full functionalities of C-SS (scheduling RMSI, OSI, Paging, random access, etc) are supported by the C-SS configured by UE-specific RRC signaling.
· All RRC parameters defined for UE-SS are also defined for C-SS that is configured by UE-specific RRC signaling.
· Working assumption: For each CORESET configured by RMSI, it can be configured with a configurable ID for DMRS sequence initialization via RMSI (if not configured,  physical cell ID is used for DMRS sequence initialization)
· Working assumption: The value range of the configurable ID is the same as that for physical cell ID
· For a CORESET configured by PBCH/RMSI, physical cell ID is used for the cyclic shift of the interleaving unit.
· Introduce a linkage between search space set and CORESET via an index to the CORESET configuration
· CORESET is removed from the search space configuration
· In Rel-15, the max no. of CORESETs configurable for a BWP in a cell for a UE is [3]
· In Rel-15, the max no. of search space sets configurable for a BWP in a cell for a UE is [10]
In this contribution, remaining issues on CORESET and search space are discussed and the corresponding text proposals are provided also.
Remaining issue on CORESET configuration
The maximum number of CORESETs in a BWP 
According to the agreements from previous meeting, a UE can be configured with a CORESET by PBCH for scheduling RMSI, a CORESET configured by RMSI for RAR, and one or more CORESET(s) configured by UE-specific RRC signaling. At least 2 CORESETs should be configured by UE-specific RRC signaling. Firstly, since the QCL configuration is per CORESET, at least 2 UE-specific CORESETs should be supported for multi-beam or multi-TRP transmission. Secondly, according to the evaluation and discussion in the previous meetings, different values for some parameters (e.g. REG bundle size, interleaved or non-interleaved CCE-to-REG mapping) are beneficial for different scenarios, thus at least 2 UE-specific CORESETs should be supported to provide the chance to configure different values for some parameters to achieve the best performance. Therefore, the maximum number of CORESETs in a BWP should be at least 4.     
Proposal 1: The maximum number of CORESETs per BWP for a UE should be at least 4.    
CORESET configuration by RMSI 
For the CORESET configured by RMSI, there is still no agreement on the configuration on some parameters like REG bundle size, CCE-to-REG mapping type, time-domain duration, frequency resource allocation, control resource ID, precoder granularity, interleaver rows, DMRS scrambling sequence initialization value, CORESET shift index, and QCL related parameters etc. The configuration signaling by RMSI can follow either MIB or UE-specific RRC. If the configuration signaling by RMSI follows MIB, the signaling overhead is minimized, but flexibility of the CORESET configuration is lost. If the configuration signaling by RMSI follows UE-specific RRC, more flexibility on the CORESET configuration can be achieved, though signaling overhead will be increased but it may be acceptable for RMSI.  
Proposal 2: The signaling design for CORESET configuration by RMSI should follow that for the UE-specific signaling at least for the following parameters: 
· Control resource ID
· CCE-to-REG mapping type
· REG bundle size
· Interleaver rows
· Time domain duration
· Frequency domain resource allocation
· DMRS scrambling sequence initialization value
· Precoder granularity 
Text proposal for the above Proposal 2 is provided in Appendix A.
Remaining issue on search space configuration
The maximum number of search space sets in a BWP
For a given BWP, at least 5 search space type are defined in TS38.213 for CSS, i.e. Type0-search-space, Type0A-search-space, Type1-search-space, Type2-search-space, Type3-search-space. Separate search space set configuration should be supported at least for each type. For some types more than one search space sets should be supported also. For example, for Type3-search-space type, separate search space set configuration should be supported at least for preemption indication, SFI indication, TPC indication for PUSCH/PUCCH, TPC indication for SRS. Additionally, more search space sets for USS should be included supported for slot based scheduling and mini-slot scheduling. Therefore, the maximum number of search space sets configurable in a BWP should be at least 10. 
Proposal 3: The maximum number of search space sets configurable in a BWP for a UE should be at least 10.
USS configuration 
According to the discussion in section 2.1, at least 4 CORESETs should be supported in a BWP for a UE. Among these 4 CORESETs, at least the CORESET configured by RMSI should be able to use for transmission of UE-specific DCI scheduling UE-specific RRC signaling, therefore UE-specific search space should be included in the CORESET configured by RMSI. In addition, for maximizing the resource utilization, it should provide the chance to configure UE-specific search space in any of these 4 CORESETs.  
In the current TS38.213 v15.0.0,  are only defined for 2 CORESETs for UE-specific search spaces, thus more values for  for search space function should be specified. To reduce the blocking probability, more values of  should be selected. Based on computer search, 2 additional values of  are found out and listed as in Table 1. Simulation results of blocking probability are shown in Fig. 1.
Table 1 Candidates value of , .
	p
	
	p
	
	p
	
	p
	

	0
	39827
	1
	39829
	2
	39839
	3
	39853


In order to compare the blocking probability affected by the value of , , the following assumptions are made: the total number of CCEs is assumed to be 32. The number of PDCCH candidates of search spaces at each CORESET p is assumed as M (L)p, = {3,3,1,1} for aggregation level L = {1,2,4,8}, the aggregation level of a generated PDCCH is according to distribution of {0.45, 0.35, 0.15, 0.05}. Since the scheduling order of PDCCH is mainly determined by information of the data transmission (e.g. proportional-fairness scheduler), the scheduling order of the generated PDCCH is random. The average blocking probabilities of fully overlapped four CORESETs is shown in Fig. 1. 
In Fig. 1, the highest blocking probability is occurred for Case-A in which the same value of , , is used for all CORESETs. If two values of [39827 39829] are repeated used as given be Case-B i.e. , , , , the blocking probability is reduced compared with Case-A. If four different numbers are used in Table 1, as given by Case-C, the blocking probability is further reduced. 
 [image: ]
Figure 1. The average blocking probabilities of different search space structures.
Proposal 4: For UE-specific search spaces in a CORESET p,  should support the following equation:
	


where , ,   and , ,  .
Text proposal for the above Proposal 4 is provided in Appendix B.
Conclusion
The contribution provides our views remaining issues of CORSET and search space configuration. Based on the above discussion, we have the following proposals:
Proposal 1: The maximum number of CORESETs per BWP for a UE should be at least 4.  
Proposal 2: The signaling design for CORESET configuration by RMSI should follow that for the UE-specific signaling at least for the following parameters: 
· Control resource ID
· CCE-to-REG mapping type
· REG bundle size
· Interleaver rows
· Time domain duration
· Frequency domain resource allocation
· DMRS scrambling sequence initialization value
· Precoder granularity 
Proposal 3: The maximum number of search space sets configurable in a BWP for a UE should be at least 10.
Proposal 4: For UE-specific search spaces in a CORESET p,  should support the following equation:
	


where , ,   and , ,  .
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Appendix A
Text proposal in TS38.213 v15.0.0
--------------------------------------Start of Text Proposal ----------------------------------------------
[bookmark: _Toc501387558][bookmark: _Ref491451763][bookmark: _Ref491466492]10.1	UE procedure for determining physical downlink control channel assignment 
-------------------------------------Unchanged parts omitted --------------------------------------------



For a serving cell, higher layer signalling provides a UE with  control resource sets. For control resource set ,  where a UE-specific search space, a Type1-PDCCH common search space,  a Type2-PDCCH common search space, or a Type3-PDCCH common search space is mapped, the higher layer signalling provides:
-	a control resource set index by higher layer parameter CORESET-ID;
-	a DM-RS scrambling sequence initialization value by higher layer parameter PDCCH-DMRS-Scrambling-ID;
-	a number of consecutive symbols provided by higher layer parameter CORESET-time-duration; 
-	a set of resource blocks provided by higher layer parameter CORESET-freq-dom;
-	a CCE-to-REG mapping provided by higher layer parameter CORESET-CCE-to-REG-mapping-type;
-	a REG bundle size, in case of interleaved CCE-to-REG mapping, provided by higher layer parameter CORESET-REG-bundle-size;


Additionally, for control resource set ,  where a UE-specific search space, a Type2-PDCCH common search space, or a Type3-PDCCH common search space is mapped, the higher layer signalling also provides:
-	a cyclic shift for the REG bundle interleaver [4, 38.211] by higher layer parameter CORESET-shift-index; 
-	an antenna port quasi co-location, from a set of antenna port quasi co-locations provided by higher layer parameter TCI-StatesPDCCH, indicating quasi co-location information of the DM-RS antenna port for PDCCH reception;

-	an indication for a presence or absence of a transmission configuration indication (TCI) field for DCI format 1_0 or DCI format 1_1 transmitted by a PDCCH in control resource set , by higher layer parameter TCI-PresentInDCI.
------------------------------- End of Text Proposal --------------------------------------
Appendix B
Text proposal in TS38.213 v15.0.0
--------------------------------------Start of Text Proposal ----------------------------------------------
10.1	UE procedure for determining physical downlink control channel assignment 
-------------------------------------Unchanged parts omitted --------------------------------------------





for a UE-specific search space,, , , ,  , and ;
------------------------------- End of Text Proposal --------------------------------------
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