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[bookmark: OLE_LINK192][bookmark: OLE_LINK193]In the previous meetings, some agreements on search space were achieved and the corresponding specifications are approved by RAN #78 plenary meeting.
The contribution firstly provides a summary of the agreements incorrectly captured in specifications based on our companion contribution [1], where the proposed corrections are provided. Then some remaining issues on search space are discussed, including solutions for reducing channel estimation complexity, CORESET configuration by RMSI, the maximum number of CORESETs configurable in a BWP, the maximum number of search space sets in a BWP, UE-specific search space configuration and the maximum number of blind decodes.   
Summary of agreements incorrectly captured
Correction on CORESET configuration in TS 38.213
In the RAN1#91 meeting, the following agreement related to CORESET frequency resource allocation was achieved: 
Agreements:
· For a CORESET configured by UE-specific RRC signaling, DL BWP-specific RB indexing + RB-offset are used to configure frequency-domain resource.
· The length of the bit-map is Floor((N_RB – (ceil(BWP_start/6)*6-BWP_start))/6)
· CORESET starting RB is ceil(BWP_start/6)*6


However, the first PRB index within a DL BWP for CORESET frequency resource allocation catpured in section 10.1 in TS 38.213 is not aligned with the above agreement. In addtion, the length of the bitmap for CORESET frequency resource allocation is not captured either. Therefore, correction is needed by changing the first PRB index  to and adding the text for the length of bitmap for CORESET frequency resource allocation in section 10.1 in TS 38.213. The details are in the draft CR (R1-1800823, [1]).


Proposal 1: Revise the incorrectly captured CORESET configuration in section 10.1 in TS 38.213 by changing the first PRB index  to and adding the text for the length of the bitmap for CORESET frequency resource allocation. The details are in the draft CR (R1-1800823, [1]).
Discussion 
Solutions for reducing channel estimation complexity
In the RAN1 #91 meeting, there was a conclusion that the PDCCH channel estimation complexity is not negligible at least in some cases. Possible solution to resolve the channel estimation complexity issue needs further discussion. As discussed in [2], among the three possible candidate solution, option 1 (i.e. define the limits of “the number of CCEs for PDCCH channel estimation which refers to the union of the sets of CCEs for PDCCH candidates”) is not preferred since it may be hard to achieve an appropriate number which can meet different requirements. Option 3 (i.e. increase the size of the precoder granularity) is not preferred either since it will degrade the precoder cycling gain. Option 2 (i.e. modify the hashing function) with nested search space structure is promising. Nested search space structure can reduce the channel estimation complexity significantly, and with special design on the nested search space structure it can achieve similar PDCCH blocking probability as in LTE.      
A hash function for sparsely nested search spaces is proposed in [2], where the complexity for PDCCH channel estimation is compared with the current search space structure. As shown in the simulation results, the structure of nested search spaces achieves similar blocking probability and much lower complexity of channel estimations compared with hash function in current version of TS38.213. 
Proposal 2: Modifying hashing function by supporting nested search space structure is used to resolve the channel estimation complexity issue.
· The PDCCH candidates with the highest aggregation level should be located non-contiguously.
· The PDCCH candidates with lower aggregation level should be located non-contiguously within the set of CCEs corresponding to the PDCCH candidates at the highest aggregation level. 
· The CCEs corresponding to the search space with lower aggregation level is associated with the UE’s C-RNTI/a configurable UE-specific ID.
Further consideration on CORESET configuration by RMSI
In the RAN1 #91 meeting, the following agreement was achieved: 
Agreement:
· At least for initial access, RAR is carried in NR-PDSCH scheduled by NR-PDCCH in CORESET configured in RACH configuration
The CORESET configured by RMSI is not captured in the current specification. In addition, 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, number of interleaving rows and precoding granularity. As discussed in [3], the signaling design should follow that for UE-specific RRC signaling for achieving more flexibility to achieve the best performance. Details are in the companion contribution (R1-1800822, [3]). 
Proposal 3: The signaling design for CORESET configuration by RMSI should follow that for the UE-specific signaling at least for the following parameters (Details of the text proposal is in (R1-1800822, [3])):
· 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
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 4: The maximum number of CORESETs per BWP for a UE should be at least 4.  
The maximum number of search space sets in a BWP
For a given BWP, at least 5 search space type are defined in 38.213 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 search space 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 5: The maximum number of search space sets configurable in a BWP for a UE should be at least 10
Further consideration on UE-specific search space 
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 38.213 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 provided in [3] which show that the two additional values shown in Table 1 could provide the best performance in terms of average blocking probability. Details of the text proposal for adding these two additional values are in contribution (R1-1800822, [3]).
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	0
	39827
	1
	39829
	2
	39839
	3
	39853



Proposal 6: For UE-specific search spaces in a CORESET p,  should support the following equation:
	
	


where , ,   and , ,  .
The maximum number of BDs
In RAN1#91 meetings, some agreements on PDCCH blindly decoding were made for case 1-1. However, the maximum number of BDs for other cases is still not set. 
A. The maximum number of BDs for non-CA case
As discussed in [4], although both aggregation levels and the number of PDCCH candidates per aggregation level are configurable, UE PDCCH blind decoding (BD) capability still should be defined for a UE monitoring PDCCH(s). This can be considered as a benchmark for the gNB when configuring aggregation levels and/or the number of PDCCH candidates for each aggregation level. As discussed in [4], for non-slot based scheduling, in order to have a unified design for both slot based and non-slot based scheduling, the maximum number of PDCCH BDs per slot for slot based scheduling and non-slot based scheduling should be identical, e.g., 44 (15kHz), which could guarantee that the UE capability not to be increased when non-slot based scheduling is supported. If UE is configured with both slot based scheduling and non-slot based scheduling at the same time, the maximum number of PDCCH BDs should be the same too. Therefore, the same number of case 1-1 should be reused for the maximum number of PDCCH BDs of case 2.  
Proposal 7: Take the same number of case 1-1 for the maximum number of PDCCH BDs of case 2.
B. The maximum number of BDs for CA case
Considering the UE capability of the maximum blind decodings, the number of blind decodings should not be always increased linearly according to the number of CCs otherwise there would be no maximum limitation to the number of blind decodings. As discussed in [4], when the number of CCs is smaller than 4, the number of blind decodings can be increased along with the number of CCs linearly, since all capable of UEs can support the maximum number of BDs of 4 CCs. But if the number of CCs is more than 4, the configured number of PDCCH blind decodings should depend on the reported capability of a UE.  
Proposal 8: For up to 4 CCs, the maximum number of PDCCH blind decodes per slot for a UE is increased linearly to the number of configured CCs; otherwise, explicit UE capability on the maximum number of PDCCH blind decodes should be reported. 
Conclusion
The contribution provides our views on the remaining issues on search spaces. 


Proposal 1: Revise the incorrectly captured CORESET configuration in section 10.1 in 38.211 by changing the first PRB index  to and adding the text for the length of the bitmap for CORESET frequency resource allocation. The details are in the draft CR (R1-1800823, [1]).
Proposal 2: Modifying hashing function by supporting nested search space structure is used to resolve the channel estimation complexity issue.
· The PDCCH candidates with the highest aggregation level should be located non-contiguously.
· The PDCCH candidates with lower aggregation level should be located non-contiguously within the set of CCEs corresponding to the PDCCH candidates at the highest aggregation level. 
· The CCEs corresponding to the search space with lower aggregation level is associated with the UE’s C-RNTI/a configurable UE-specific ID.
Proposal 3: The signaling design for CORESET configuration by RMSI should follow that for the UE-specific signaling at least for the following parameters (Details of the text proposal is in (R1-1800822, [3])):
· 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 4: The maximum number of CORESETs per BWP for a UE should be at least 4.  
Proposal 5: The maximum number of search space sets configurable in a BWP for a UE should be at least 10.
Proposal 6: For UE-specific search spaces in a CORESET p,  should support the following equation:
	
	


where , ,   and , ,  .
Proposal 7: Take the same number of case 1-1 for the maximum number of PDCCH BDs of case 2.
Proposal 8: For up to 4 CCs, the maximum number of PDCCH blind decodes per slot for a UE is increased linearly to the number of configured CCs; otherwise, explicit UE capability on the maximum number of PDCCH blind decodes should be reported. 
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