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1. Introduction
In this contribution, remaining aspects of search space are discussed.

2. Number of CCEs for channel estimation for one slot
At the RAN1#92 meeting, following agreements have been achieved:
	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 48 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: wideband RS
· FFS: overbooking and/or nested structure
· FFS: exceptional case of CCE counting
· FFS: for case 2



The most significant remaining issue is FFS for case 2. However, since number of PDCCH blind decodes is common across cases 1-1, 1-2, and 2 for a given SCS, it is natural to consider that the number of CCEs for channel estimation is also the same number for cases 1-1, 1-2, and 2. 
However, the limitation of the number of BDs an CCEs defined in Rel.15 NR is quite restrictive, especially for Case 2 and higher SCSs. Those limitations come from the UE implementation issues with the tight timeline for Rel.15. However, we desire to enhance PDCCH monitoring mechanisms so that further flexible operations are enabled, e.g., analog-BF operation with mini-slot and higher SCS, lower-latency operation with mini-slot and lower SCS, etc. Therefore, our proposal is following.
Proposal 1:
· For Case 2, number of CCEs for channel estimation for one slot for a given SCS follows the value defined for case 1-1 and case 1-2.
· 56 CCEs for SCS = 15kHz and 30kHz
· 48 CCEs for SCS = 60kHz
· 32 CCEs for SCS = 120kHz
· CCE counting rule is same between self-scheduling and cross-carrier scheduling
· Further enhancements will be considered in future releases.

3. Number of PDCCH blind decodes for one slot
At the RAN1#92 meeting, following agreements have been achieved:
	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+X]
	[36+Y]
	[22+Y]
	[20]



Agreements:
· The UE capability signaling for PDCCH BDs in CA is integer value from {4, …, 16}.
· Discuss further whether or not to restrict the combination of the number of CCs that a UE can support vs. the number of PDCCH BDs indicated via UE capability signalling



It has not been clear well how many PDCCH blind decodes and how many CCEs for channel estimation the UE shall support for the case of carrier aggregation. For simplicity, just multiplying integer number to the above defined max number of PDCCH BDs per slot is desirable. Same way should be applied to defining the max number of CCEs for channel estimation for CA.
Proposal 2:
· For a UE supporting CA with up to X DL-CCs with X <= 4, maximum number of PDCCH blind decodes per slot the UE shall support is X*M, and;
· For a UE supporting CA with up to Y DL-CCs with Y > 4, maximum number of PDCCH blind decodes per slot the UE shall support is y*M, where;
· M = {44, 36, 22, 20} for SCS = {15kHz, 30kHz, 60kHz, 120kHz}
· y is an integer from {4, …, 16} and is reported as UE capability to the network.
Proposal 3:
· For a UE supporting CA with up to X DL-CCs with X <= 4, maximum number of CCEs for channel estimation per slot the UE shall support is X*N, and;
· For a UE supporting CA with up to Y DL-CCs with Y > 4, maximum number of CCEs for channel estimation per slot the UE shall support is y*N, where;
· N = {56, 56, 48, 32} for SCS = {15kHz, 30kHz, 60kHz, 120kHz}
· y is an integer from {4, …, 16} and is reported as UE capability to the network.

4. Restructuring common search spaces
In the current spec, common search spaces are classified by Types; Type0, Type0A, Type1, Type2, and Type3. However, it is not clear how these types are defined; rather, we believe CSS should be classified by how the monitoring is configured, i.e., whether it is configured by PBCH, RMSI, or UE-specific RRC signaling. We propose to re-structure the PDCCH common search spaces based on the signaling for configurations. Detailed text proposal can be found in section 7.
Proposal 4:
· PDCCH common search spaces are classified as following three:
· Common search space configured by RMSI-PDCCH-Config provided by MasterInformationBlock
· Note: this is Type0-PDCCH common search space in the current spec.
· Common search space(s) configured by PDCCH-ConfigCommon
· Common search space(s) configured by PDCCH-Config
· A UE is not expected to monitor PDCCH common search space for a DCI format with CRC scrambled by a SI-RNTI, P-RNTI, RA-RNTI, or TC-RNTI, on a serving cell other than the primary cell.

5. Number of PDCCH blind decodes for common search space(s)
At the RAN1#92 meeting, following agreements have been achieved:
	Agreements:
· To adopt the TP for TS38.213 Section 10.1
· Also add one sentence in the spec saying “when the number of REGs is not sufficient for a given aggregation level, the UE is not required to monitor candidates of the given aggregation level”
· Up to spec editor for final wording
=== Start ===
· Table 10.1-1: CCE aggregation levels and max number of candidates per CCE aggregation level for Type0/Type0A/Type2-PDCCH common search space
	CCE Aggregation Level
	Number of Candidates

	4
	4

	8
	2

	16
	1


=== End ===



Based on the clarification of the PDCCH common search spaces in section 4, it should also be clarified for which PDCCH common search space the Table 10.1-1 applies. In our understanding, fixing the number of PDCCH candidates as in Table 10.1-1 for each PDCCH common search space is too much. Besides, for each search space configuration, other than for Type0-PDCCH common search space, there is parameters to configure number of candidates per CCE aggregation level. Therefore, we consider that the Table 10.1-1 should be applied to the Type0-PDCCH common search space only.
Proposal 5:
· Table 10.1-1 is applied only for the PDCCH common search space configured by RMSI-PDCCH-Config provided by MasterInformationBlock.
· For other cases, CCE aggregation levels and max number of candidates per CCE aggregation level are provided by own search space configuration.

6. PDCCH mapping rules
At the RAN1#92 meeting, following agreements have been 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



For Rel.15 NR, PDCCH blind decodes and channel estimation are quite restrictive. In order to maximize the number of available PDCCH candidates, search space index shall be further used to map the PDCCH candidates.
Besides, for carrier aggregation, max number of PDCCH BDs and CCEs for channel estimation across carriers are defined. This means UE has the limitations of the number of BDs and CCEs not only per carrier but also across carriers. PDCCH mapping rules shall also take into account multiple carriers.
Proposal 6:
· PDCCH candidates are first mapped on CSS(s), and then for USS(s) across carriers.
· Remaining PDCCH candidates are mapped on USS(s) with the following order.
· Lower-to-higher search space index across carriers
· Lower-to-higher cell index for a given search space index

7. Overall text proposal with clean-up some parts
Besides above modifications, following corrections would be necessary;
Proposal 7:
· Adopt following text proposal which reflects proposals 1-6 in this contribution.
· Note: some additional corrections have also been done.
== Start ==
[bookmark: _Toc508784709][bookmark: _Hlk510365740]10	UE procedure for receiving control information
If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG
-	When the procedures are applied for MCG, the terms ‘secondary cell’, ‘secondary cells’ , ‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG respectively.
-	When the procedures are applied for SCG, the terms ‘secondary cell’, ‘secondary cells’, ‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells belonging to the SCG respectively. The term ‘primary cell’ in this clause refers to the PSCell of the SCG.
A UE shall monitor a set of PDCCH candidates in one or more control resource sets on the active DL BWP on each activated serving cell according to corresponding search spaces where monitoring implies decoding each PDCCH candidate according to the monitored DCI formats.
A UE can be configured by higher layer parameter SSB-periodicityServingCell a periodicity of half frames for reception of SS/PBCH blocks in a serving cell. 
For monitoring of a PDCCH candidate 
· If the UE has received SSB-transmitted-SIB1 and has not received SSB-transmitted for a serving cell and if at least one RE for monitoring a PDCCH candidate for a DCI format with CRC not scrambled by SI-RNTI on the serving cell overlaps with respective at least one RE corresponding to a SS/PBCH block index provided by SSB-transmitted-SIB1, the UE is not required to monitor the PDCCH candidate.
· If a UE has received SSB-transmitted for a serving cell and if at least one RE for monitoring a PDCCH candidate for a DCI format with CRC not scrambled by SI-RNTI on the serving cell overlaps with respective at least one RE corresponding to a SS/PBCH block index provided by SSB-transmitted, the UE is not required to monitor the PDCCH candidate.
· If the has not received both SSB-transmitted-SIB1 and SSB-transmitted for a serving cell and if the UE monitors the PDCCH candidate for a Type0-PDCCH common search space on the serving cell according to the procedure described in Subclause 13, the UE may assume that no SS/PBCH block is transmitted in REs used for monitoring the PDCCH candidate on the serving cell.
If a carrier aggregation capability for a UE, as included in UE-NR-Capability, is larger than 4, the UE includes in UE-NR-Capability an indication for a maximum number of PDCCH candidates the UE can monitor per slot when the UE is configured for carrier aggregation operation over more than 4 cells. When the UE is configured for carrier aggregation operation over more than 4 cells, the UE is not expected to be configured with a number of PDCCH candidates to monitor per slot that is larger than the maximum number.  
[bookmark: _Ref505198911][bookmark: _Toc508784710][bookmark: _Ref491451763][bookmark: _Ref491466492][bookmark: _Toc492222143]10.1	UE procedure for determining physical downlink control channel assignment 
A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search spaces. A search space can be a common search space or a UE-specific search space. A UE shall monitor PDCCH candidates in one or more of the following search spaces
· a Type0-PDCCH common search space configured by RMSI-PDCCH-Config provided by MasterInformationBlock for a DCI format with CRC scrambled by a SI-RNTI on a primary cell;	Comment by NTT DOCOMO, INC.: Proposal 4:
CSSs are classified by how they are configured.
· a Type0A-PDCCH common search space configured by PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI, P-RNTI, RA-RNTI, TC-RNTI, or a C-RNTI on a primary cell;
· a Type1-PDCCH common search space for a DCI format with CRC scrambled by a RA-RNTI, or a TC-RNTI, or a C-RNTI on a primary cell;
· a Type2-PDCCH common search space for a DCI format with CRC scrambled by a P-RNTI on a primary cell;
· a Type3-PDCCH common search space configured by PDCCH-Config for a DCI format with CRC scrambled by INT-RNTI, or SFI-RNTI, or TPC-PUSCH-RNTI, or TPC-PUCCH-RNTI, or TPC-SRS-RNTI, or C-RNTI, or CS-RNTI(s), or SP-CSI-RNTI; and
· a UE-specific search space configured by PDCCH-Config for a DCI format with CRC scrambled by C-RNTI, or CS-RNTI(s), or SP-CSI-RNTI.
A UE is provided a configuration for a control resource set for Type0-PDCCH common search space by higher layer parameter RMSI-PDCCH-Config and a subcarrier spacing by higher layer parameter RMSI-scs for PDCCH reception. The UE determines the control resource set and the monitoring occasions for Type0-PDCCH common search space as described in Subclause 13. The Type0-PDCCH common search space is defined by the CCE aggregation levels and the number of PDCCH candidates per CCE aggregation level given in Table 10.1-1. The control resource set configured for Type0-PDCCH common search space has control resource set index 0. The Type0-PDCCH common search space has search space index 0. 
For Type0A-PDCCH common search space(s) configured by PDCCH-ConfigCommon or for Type2-PDCCH common search space, up to two control resource sets and up to four PDCCH common spaces are configured. One control resource set is for PDCCH common search spaces configured by rmsi-SearchSpace, osi-SearchSpace, and paging-SearchSpace. Another control resource set is for PDCCH common search space configured by ra-SearchSpace. the control resource set is same as the control resource set for Type0-PDCCH common search space. A UE is provided a configuration for Type0A-PDCCH common search space by higher layer parameter osi-SearchSpace and tThe CCE aggregation levels and the number of PDCCH candidates per CCE aggregation level for each PDCCH common search space configured by PDCCH-ConfigCommon is are provided as part of the search space configurationgiven in Table 10.1-1. A UE is provided a configuration for Type2-PDCCH common search space by higher layer parameter paging-SearchSpace and the CCE aggregation levels and the number of PDCCH candidates per CCE aggregation level are given in Table 10.1-1.	Comment by NTT DOCOMO, INC.: Proposal 4:
Explanations of common search spaces configured by PDCCH-ConfigCommon.
If a UE is not provided higher layer parameter rmsi-SearchSpace for PDCCH common search space configured by PDCCH-ConfigCommon, the UE monitors Type0-PDCCH common search space for a DCI format with CRC scrambled by SI-RNTI as described in Subclause 13.
For Type1-PDCCH common search space, a UE can be provided a configuration for a control resource set by higher layer parameter rach-coreset-configuration and a configuration for a search space by higher layer parameter ra-SearchSpace. If higher layer parameter rach-coreset-configuration is not provided to the UE, the control resource set for Type1-PDCCH common search space is the same as for Type0-PDCCH common search space.  
If a UE is not provided higher layer parameter osi-SearchSpace for Type0A-PDCCH common search space configured by PDCCH-ConfigCommon, the UE monitors Type0-PDCCH common search space for a DCI format with CRC scrambled by SI-RNTIthe association between monitoring occasions for Type0A-PDCCH common search space and the SS/PBCH block index is the same as the association of monitoring occasions for Type0-PDCCH common search space as described in Subclause 13.
If a UE is not provided higher layer parameter paging-SearchSpace for Type2-PDCCH common search space configured by PDCCH-ConfigCommon, the UE monitors Type0-PDCCH common search space for a DCI format with CRC scrambled by P-RNTIthe association between monitoring occasions for Type2-PDCCH common search space and the SS/PBCH block index is the same as the association of monitoring occasions for Type0-PDCCH common search space as described in Subclause 13. 
If a UE is not provided higher layer parameter ra-SearchSpace for Type1-PDCCH common search space configured by PDCCH-ConfigCommon, the UE monitors Type0-PDCCH common search space for a DCI format with CRC scrambled by RA-RNTI, TC-RNTI, or C-RNTI on the primary cellthe association between monitoring occasions for Type1-PDCCH common search space and the SS/PBCH block index is the same as the association of monitoring occasions for Type0-PDCCH common search space as described in Subclause 13.
If a UE is not provided control resource set for PDCCH common search space configured by ra-SearchSpace in PDCCH-ConfigCommon, the control resource set for PDCCH common search space configured by ra-SearchSpace is the same as the control resource set for PDCCH common search space configured by rmsi-SearchSpace, osi-SearchSpace, and paging-SearchSpace. If a UE is not provided control resource set for PDCCH common search space configured by rmsi-SearchSpace, osi-SearchSpace, and paging-SearchSpace, the control resource set for PDCCH common search space configured by rmsi-SearchSpace, osi-SearchSpace, and paging-SearchSpace, is the same as the control resource set for Type0-PDCCH common search space.   
The UE may assume that the DM-RS antenna port associated with the control resource set configured by RMSI-PDCCH-ConfigPDCCH reception in the Type0-PDCCH common search space, the Type0A-PDCCH common search space, and the Type2-PDCCH common search space, and for corresponding PDSCH receptions, and the DM-RS antenna port associated with SS/PBCH reception are quasi co-located with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters. The value for the DM-RS scrambling sequence initialization is the cell ID. 
The subcarrier spacing and the CP length for PDCCH reception with Type0A-the control resource set configured by RMSI-PDCCH-ConfigPDCCH common search space, or Type1-PDCCH common search space, or Type2-PDCCH common search space are identicalthe same as for PDCCH reception with Type0-PDCCH common search space. 
A UE may assume that the DM-RS antenna port associated with PDCCH reception and associated PDSCH reception in the Type1-PDCCH common search space configured by ra-SearchSpace in PDCCH-ConfigCommon are quasi co-located with the SS/PBCH block identified in initial access procedure or with a received CSI-RS with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters, when applicable.
If a value for the DM-RS scrambling sequence initialization for Type0A-PDCCH common search space, or Type1-PDCCH common search space, or Type2-PDCCH common search space is not provided by higher layer parameter PDCCH-DMRS-Scrambling-ID in SystemInformationBlockType1, the value is the cell ID. 	Comment by NTT DOCOMO, INC.: Is this redundant? This is captured in the 211?
For PDCCH common search space(s) configured by PDCCH-Config, the UE is configured to monitor particular DCI format(s) as part of the search space configuration in the PDCCH common search space. The CCE aggregation levels and the number of PDCCH candidates per CCE aggregation level for each PDCCH common search space configured by PDCCH-Config is are provided as part of the search space configuration	Comment by NTT DOCOMO, INC.: Proposal 4:
Explanation of PDCCH common search space configured by PDCCH-Config.
If a UE is configured with more than onefor downlink bandwidth part (BWP) operation configuration, as described in Subclause 12, the above configurations for the common search spaces apply for the initial active DL BWP. The UE can be additionally configured with PDCCH-ConfigCommon and PDCCH-Config a control resource set for Type0-PDCCH common search space, Type0A-PDCCH common search space, Type1-PDCCH common search space, or Type2-PDCCH common search space for each configured DL BWP on the primary cell, other than the initial active DL BWP, as described in Subclause 12. 
Table 10.1-1: CCE aggregation levels and maximum number of PDCCH candidates per CCE aggregation level for Type0/Type0A/Type2-PDCCH common search space configured by RMSI-PDCCH-Config	Comment by NTT DOCOMO, INC.: Proposal 5:
Table 10.1-1 is applied only for the CSS configured by RMSI-PDCCH-Config.
	CCE Aggregation Level
	Number of Candidates

	4
	4

	8
	2

	16
	1







For each DL BWP configured to a UE in a serving cell, a UE can be provided by higher layer signalling with  control resource sets where . For control resource set , , 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;
· 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.



For each control resource set in a DL BWP of a serving cell, a respective higher layer parameter CORESET-freq-dom provides a bitmap. The bits of the bitmap have a one-to-one mapping with non-overlapping groups of 6 PRBs, in ascending order of the PRB index in the DL BWP bandwidth of  PRBs with starting position  where the first PRB of the first group of 6 PRBs has index . A group of 6 PRBs is allocated to a control resource set if a corresponding bit value in the bitmap is 1; else, if a corresponding bit value in the bitmap is 0, the group of 6 PRBs is not allocated to the control resource set.
If a UE has received initial configuration of more than one TCI states by higher layer parameter TCI-StatesPDCCH containing more than one TCI states but has not received a MAC CE activation for one of the TCI states, the UE assumes that the DM-RS antenna port associated with PDCCH reception in the UE-specific search space is quasi co-located with the SS/PBCH block the UE identified during the initial access procedure with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters, when applicable. 	Comment by NTT DOCOMO, INC.: Only USS? 
If a UE has received higher layer parameter TCI-StatesPDCCH containing a single TCI state, the UE assumes that the DM-RS antenna port associated with PDCCH reception in a UE-specific search space is quasi co-located with the one or more DL RS configured by the TCI state.	Comment by NTT DOCOMO, INC.: Only USS?
For each DL BWP of a serving cell where a UE is configured to monitor PDCCH in a search space, the UE is configured the following by higher layer parameter search-space-config:
· 



an association between a search space set index , , where , and a control resource set index ; 
· 

for the search space set  in the control resource set : 
· an indication that the search space set is a common search space set or a UE-specific search space set by higher layer parameter Common-search-space-flag; 
· 
if the search space set  is for a common search space, an indication by higher layer parameter RNTI-monitoring to monitor PDCCH for one or more of DCI format 0_0 and DCI format 1_0 with CRC scrambled by a RNTI from RNTIs described in [5, TS 36.212], DCI format 2_0, DCI format 2_1, DCI format 2_2, and DCI format 2_3; 
· 
if the search space set  is a UE-specific search space, an indication by higher layer parameter USS-DCI-format to monitor PDCCH either for DCI format 0_0 and DCI format 1_0, or for DCI format 0_1 and DCI format 1_1; 
· 

a number of PDCCH candidates  per CCE aggregation level  by higher layer parameters aggregationLevel1, aggregationLevel2, aggregationLevel4, aggregationLevel8, and aggregationLevel16, for CCE aggregation level 1, CCE aggregation level 2, CCE aggregation level 4, CCE aggregation level 8, and CCE aggregation level 16, respectively;
· 
a PDCCH monitoring periodicity of  slots by higher layer parameter monitoringSlotPeriodicityAndOffset;
· 

a PDCCH monitoring offset of  slots, where , by higher layer parameter monitoringSlotPeriodicityAndOffset;
· a PDCCH monitoring pattern within a slot, indicating first symbol(s) of the control resource set within a slot for PDCCH monitoring, by higher layer parameter monitoringSymbolsWithinSlot.  



If the higher layer parameter monitoringSymbolsWithinSlot indicates to a UE only one PDCCH monitoring occasion within a slot, the UE is not expected to be configured a corresponding search space set   for a PDCCH subcarrier spacing other than 15 kHz if the control resource set  associated with the search space  includes at least one symbol after the third slot symbol. 



For a subcarrier spacing of 15 KHz, if the higher layer parameter monitoringSymbolsWithinSlot for a search space set  indicates to the UE only one PDCCH monitoring occasion in a slot for a corresponding control resource set  and the control resource set  includes at least one symbol after the third slot symbol, the UE expects that all control resource sets configured to the UE are located within at most three same consecutive symbols in the slot.     





A UE determines a PDCCH monitoring occasion from the PDCCH monitoring periodicity, the PDCCH monitoring offset, and the PDCCH monitoring pattern within a slot. For search space set  in control resource set , the UE determines that a PDCCH monitoring occasion(s) exists in a slot with number  [4, TS 38.211] in a frame with number  if .



A PDCCH UE-specific search space  at CCE aggregation level  is defined by a set of PDCCH candidates for CCE aggregation level . 
If a UE is configured with higher layer parameter CrossCarrierSchedulingConfig for a serving cell the carrier indicator field value corresponds to the value indicated by CrossCarrierSchedulingConfig.
For a DL BWP of a serving cell on which a UE monitors PDCCH candidates in a UE-specific search space, if the UE is not configured with a carrier indicator field, the UE shall monitor the PDCCH candidates without carrier indicator field. For a serving cell on which a UE monitors PDCCH candidates in a UE-specific search space, if a UE is configured with a carrier indicator field, the UE shall monitor the PDCCH candidates with carrier indicator field.
A UE is not expected to monitor PDCCH candidates on a DL BWP of a secondary cell if the UE is configured to monitor PDCCH candidates with carrier indicator field corresponding to that secondary cell in another serving cell. For the DL BWP of the serving cell on which the UE monitors PDCCH candidates, the UE shall monitor PDCCH candidates at least for the same serving cell. 

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.	Comment by NTT DOCOMO, INC.: Proposal 1:
Not limited to case 1-1 and 1-2 but also to case 2
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. For UE-specific search spaces, the UE determines PDCCH candidates to monitor based on the following order:	Comment by NTT DOCOMO, INC.: Proposal 6
· Ascending order of search space index across all the carriers the UE monitors PDCCH;
· Ascending order of cell index for a given search space index the UE monitors PDCCH.

If the accumulated number of PDCCH candidates up to the search space index of the serving cell exceeds, the UE is not required to monitor PDCCH candidates in the search space index of the serving cell. 






For a search space set  associated with control resource set , the CCE indexes for aggregation level  corresponding to PDCCH candidate  of the search space set in slot  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 number of CCEs, numbered from 0 to , in control resource set ; 


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





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

for any common search space, ;  






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

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








If, for a UE, any CCE index for PDCCH candidate with index  with aggregation level  in control resource set  overlaps with any CCE  index for PDCCH candidate with index   with aggregation level  in control resource set , where , the UE is not expected to monitor the PDCCH candidate with index.
A UE is not expected to be configured to monitor DCI format 0_1 or DCI format 1_1 in a common search space.	Comment by NTT DOCOMO, INC.: Is this necessary? This does not happen since higher-layer parameter has no such configuration.
A UE configured to monitor PDCCH candidates in a serving cell with a DCI format size with carrier indicator field and CRC scrambled by C-RNTI, where the PDCCH candidates may have one or more possible values of carrier indicator field for the DCI format size, shall assume that an PDCCH candidate with the DCI format size may be transmitted in the serving cell in any PDCCH UE specific search space corresponding to any of the possible values of carrier indicator field for the DCI format size if the UE includes in UE-NR-Capability an indication for a corresponding capability.
A UE configured with a bandwidth part indicator in DCI formats 0_1 or 1_1 shall, in case of an active DL BWP or of an active UL BWP change, determine the DCI information applicable to the new active DL BWP or UL BWP, respectively, as described in Subclause 12.





For unpaired spectrum operation, if a UE is not configured for PUSCH/PUCCH transmission on serving cell , the UE is not expected to monitor PDCCH on serving cell  if the PDCCH overlaps in time with SRS transmission (including any interruption due to uplink or downlink RF retuning time [10, TS 38.133]) on serving cell  and if the UE is not capable of simultaneous reception and transmission on serving cell and serving cell .


== End ==


8. Conclusion
In this contribution, we presented our views on PDCCH search spaces and proposed following:
Proposal 1:
· For Case 2, number of CCEs for channel estimation for one slot for a given SCS follows the value defined for case 1-1 and case 1-2.
· 56 CCEs for SCS = 15kHz and 30kHz
· 48 CCEs for SCS = 60kHz
· 32 CCEs for SCS = 120kHz
· CCE counting rule is same between self-scheduling and cross-carrier scheduling
· Further enhancements will be considered in future releases.
Proposal 2:
· For a UE supporting CA with up to X DL-CCs with X <= 4, maximum number of PDCCH blind decodes per slot the UE shall support is X*M, and;
· For a UE supporting CA with up to Y DL-CCs with Y > 4, maximum number of PDCCH blind decodes per slot the UE shall support is y*M, where;
· M = {44, 36, 22, 20} for SCS = {15kHz, 30kHz, 60kHz, 120kHz}
· y is an integer from {4, …, 16} and is reported as UE capability to the network.
Proposal 3:
· For a UE supporting CA with up to X DL-CCs with X <= 4, maximum number of CCEs for channel estimation per slot the UE shall support is X*N, and;
· For a UE supporting CA with up to Y DL-CCs with Y > 4, maximum number of CCEs for channel estimation per slot the UE shall support is y*N, where;
· N = {56, 56, 48, 32} for SCS = {15kHz, 30kHz, 60kHz, 120kHz}
· y is an integer from {4, …, 16} and is reported as UE capability to the network.
Proposal 4:
· PDCCH common search spaces are classified as following three:
· Common search space configured by RMSI-PDCCH-Config provided by MasterInformationBlock
· Note: this is Type0-PDCCH common search space in the current spec.
· Common search space(s) configured by PDCCH-ConfigCommon
· Common search space(s) configured by PDCCH-Config
· A UE is not expected to monitor PDCCH common search space for a DCI format with CRC scrambled by a SI-RNTI, P-RNTI, RA-RNTI, or TC-RNTI, on a serving cell other than the primary cell.
Proposal 5:
· Table 10.1-1 is applied only for the PDCCH common search space configured by RMSI-PDCCH-Config provided by MasterInformationBlock.
· For other cases, CCE aggregation levels and max number of candidates per CCE aggregation level are provided by own search space configuration.
Proposal 6:
· PDCCH candidates are first mapped on CSS(s), and then for USS(s) across carriers.
· Remaining PDCCH candidates are mapped on USS(s) with the following order.
· Lower-to-higher search space index across carriers
· Lower-to-higher cell index for a given search space index
Proposal 7:
· Adopt text proposal in Section 7 which reflects proposals 1-6 in this contribution.
· Note: some additional corrections have also been done.


References
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