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[bookmark: OLE_LINK192][bookmark: OLE_LINK193]In the previous meetings, some working assumptions on search space were achieved [1][2][3]:
Agreements: 
For the following previous agreement, N=4
Agreements:
· For CA with up to N CCs, maximum number of PDCCH blind decodes per slot for a UE depends on the number of configured CCs.
· All UEs supporting CA with the same set of CCs supports the same maximum number of PDCCH blind decodes.
· No explicit UE capability signaling to inform the maximum number of PDCCH blind decodes is reported.
· For CA with more than N CCs, maximum number of PDCCH blind decodes for a UE depends on the explicit UE capability.
· All UEs supporting CA with the same set of CCs supports at least the same number of PDCCH blind decodes.
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
Agreements: 
· Following working assumption is made:
· For a UE supporting CA with up to X DL-CCs with the same numerology 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 the same numerology 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.
· For a UE supporting CA with up to X DL-CCs with the same numerology 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 the same numerology 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.
In addition, the following working assumption related to PDCCH mapping rules was achieved:
Working assumption:
· At least for Case 1-1 and Case 1-2, map all candidates of USS  search-space-set with lower SS set ID before candidates of USS with higher ID 
· If all candidates in a SS set can’t be mapped, any candidates in the SS set and in any subsequent SS sets are dropped (not mapped)
· Case 2 FFS

Agreements:
· The maximum number of CORESETs per BWP per cell is 3
· For the 3rd CORESET, i.e., for p=2, Ap=39839.
· Confirm 10 as the maximum number of search space sets per BWP per cell.
Agreements:
· A UE can be configured with a search space configuration by UE-specific RRC signaling which includes following:
· CORESET ID (range: 0-11, to indicate which CORESET the search space is mapped to)
· The search space can be associated with any CORESET configuration
· When the CORSET ID is UE-specifically configured to be 0, it is mapped to the one configured by PBCH
· Search space ID (range: 0-39)
· When the search space ID is UE-specifically configured to be 0, it is mapped to the one configured by PBCH
The contribution mainly discusses the remaining issues on search space, including capability on PDCCH blind decodes and CCEs for channel estimation for CA with different numerologies and the PDCCH mapping rule for Case2. Some correction and clarification on search space are discussed also.  
Discussion 
Capability on blind decodes and CCEs for channel estimation for CA with different numerologies
In the previous RAN1 meetings, the capability on blind decodes and CCEs for channel estimation has been agreed for single carrier case and CA with same numerology. The capability on blind decodes and CCEs for channel estimation for CA with different numerologies are still open. 
Scenario 1: The number of configured DL-CCs is up to 4
According to the agreement for CA with same numerology, same capability is defined for self-scheduling and cross-scheduling. However, for CA with different numerologies, the maximum number of BD/CCEs on the scheduling cell would depend on the numerologies configured on the scheduling cell and scheduled cell. Therefore, we describe the capability for self-scheduling and cross-scheduling separately as below. 
· Self-scheduling 
For self-scheduling, the capability on the BDs/CCEs per slot per cell is the same as non-CA case. An example is shown in Figure 1, CC1 is configured as 15kHz. Then within CC1, the maximum BDs is 44, and the maximum CCEs is 56.   
[image: ]
[bookmark: _Ref513147218]Figure 1 Configured CC with self-scheduling.
· Cross-scheduling
For cross-scheduling, the capability on BDs/CCEs for channel estimation per slot on a scheduling cell depends on the configured subcarrier spacing of scheduling cell and scheduled cells.      
· Case1: Subcarrier spacing of scheduling cell smaller than that of scheduled cells
In this case, the duration of one slot in scheduling cell corresponds to more than one slot in scheduled CC as shown in Figure 2(a). In order to avoid increasing decoding delay and higher complexity of BDs/channel estimation, it is preferred to use the numerology of scheduling cell to define the increased BD and CCE limits in linear to the number of scheduled cells. As an example shown in Figure 2(a), the BDs limits on the scheduling cell (CC1) is 44+44 = 88, and CCE limit on the scheduling CC (CC1) is 56+56=112. 
· Case2: Subcarrier spacing of scheduling cell larger than that of scheduled cells
In this case, more than one slot on the scheduling cell will correspond to only one slot on the scheduled cell. The numerology of the scheduled cell can be used to define the increased BD/CCE limit in linear to the number of scheduled cells. Moreover, in order to reduce the decoding burden of the first slot on the scheduling cell in a duration corresponding to a slot on the scheduled cell, the increased BD/CCE limits should be uniformly distributed in those corresponding slots of scheduling CC. 
An example is shown in Figure 2(b), one slot of CC1 (15kHz) corresponding to two slots of CC2 (30kHz). The maximum BDs in CC2 is 36 + 44/2=58, and the maximum CCEs in CC2 is 56+56/2=84.
The maximum number of PDCCH blind decodes per slot the UE shall support is the sum of the maximum number of PDCCH blind decodes of all the scheduling cells.  
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Figure 2 Configured CC with cross-carrier scheduling.   
Proposal 1: For a UE supporting CA with up to X DL-CCs with the mixed numerologies with X <= 4, the maximum number of BDs/CCEs for channel estimation per slot on the scheduling CC is defined as below:  
· For a scheduling CC without cross-carrier scheduling other CC(s), the maximum number of BDs/CCEs for channel estimation per slot is the same as that for single CC case;
· For a scheduling CC with cross-carrier scheduling other CC(s), 
· 


When , the maximum number of BDs/CCEs for channel estimation per slot are  and  respectively;
· 


When , the maximum number of BDs/CCEs for channel estimation per slot are  and  respectively;




where Mk(·) denotes the maximum number of BDs per slot of CC k, Nk(·) denotes the maximum number of CCEs for channel estimation per slot of CC k; KS and KC are the number of CCs including scheduling CC itself and all the scheduled CCs in the scheduling CC for  and  case respectively, ∈{0,1,2,3} denotes the subcarrier spacing of scheduling CC, and  ∈{0,1,2,3} denotes the subcarrier spacing of scheduled CC.
Scenario 2: The number of DL-CCs is more than 4




In this scenario, only total BD/CCE limits can be defined according to both the reported UE-capabiliy and a reference numerology. In order to simplify the design, a reference subcarrier spacing should also be specified e.g. 15kHz. Based on both the reported capability value y and reference subcarrier spacing, the maximum number of BDs can be derived by y*M() corresponding to the reference subcarrier space , and the maximum number of CCEs can be derived by y*N() corresponding to the reference subcarrier space  , where y∈{4,5,…,16} is reported by UE,



Proposal 2: For a UE supporting CA with up to Y DL-CCs with the mixed numerologies and Y > 4, the maximum number of BDs equals to y*M() and the maximum number of CCEs for channel estimation equals to y*N(), where y∈{4,5,…,16} is reported by UE and the reference subcarrier spacing  should be specified, e.g. 15kHz.
PDCCH mapping rules
In the last meeting, a simplified PDCCH mapping rule for USSs has been defined as a working assumption at least for Case 1-1 and Case 1-2. With the simplified WA, it will result into reduction of scheduling opportunities for PDCCH. On the other hand, too complicated PDCCH mapping rules may not be acceptable due to increased decoding latency, since UEs has to find a part of PDCCH candidates to monitoring from configured search space sets in each slot. Due to the complexity issue for PDCCH decoding, it is preferred to confirm the work assumption for Case 1-1 and Case 1-2.
Proposal 3: Confirm the following working assumption with updates:
· At least for For Case 1-1 and Case 1-2, map all candidates of USS  search-space-set with lower SS set ID before candidates of USS with higher ID 
· If all candidates in a SS set can’t be mapped, any candidates in the SS set and in any subsequent SS sets are dropped (not mapped)
For Case2, more than one PDCCH monitoring occasion will occur within one slot, and a UE-specific search space set spans more than one monitoring occasions. If the PDCCH mapping rule of Case 1-1 and 1-2 is reused for Case2 and a search space set is dropped, no candidate in this search space set will be monitored in all monitoring occasions. Especially, if a monitoring occasion for a UE only contains this search space set and this search space set is dropped, the UE will not monitor PDCCH in this occasion and the UE will lose the scheduling chance in this occasion. As a result, more latency will be introduced to URLLC UEs. 
For Case2, instead of mapping all candidates of USS with lower SS set ID before candidates of USS with higher ID, the remaining BDs should be distributed in all occasions uniformly, and then within one monitoring occasion mapping all candidates of USS with lower SS set ID before candidates of USS with higher ID. This mapping rule could guarantee a chance for the UE to be scheduled in each configured monitoring occasion. 
Proposal 4: For Case 2, PDCCH candidates are mapped to UE-specific 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, CSS  before USS 
· For USS, the remaining number of blind decodes or CCEs for channel estimation should be divided into each occasion averagely
· Within one occasion, map all candidates of USS  search-space-set with lower SS set ID before candidates of USS with higher ID 
· If all candidates in a SS set can’t be mapped, any candidates in the SS set and in any subsequent SS sets are dropped (not mapped)
The mapping between the configured CORESET and the value Ap 
The mapping issue between the configured CORESET IDs for a DL BWP of a serving cell and the CORESET ID p defined in the current hashing function was presented in the email discussion after RAN1#92bis meeting. Based on the endorsed version for TS38.213 incorporating the latest comments, it was a simple connection between the configured CORESET and random value Ap in the hashing function added to the text that the first CORESET mapped to A0, and the second CORESET mapped to A1, and the third CORESET mapped to A2. However, the wordings have ambiguities and the spec needs to clarify which of the configured CORESETs is treated as the first- or the second- or the third CORESET in order to have same understanding of UE and gNB. 
Regarding to the current RRC signaling structure in TS38.331 by re-configuring PDCCH-config, there is no common understanding on the order of the configured CORESET between UE and gNB. For instance, a UE is configured with three CORESETs with CORESET IDs #0, #1 and #2. If the UE is configured to release the configuration of the CORESET #1 and add another configuration of the CORESET #5 by PDCCH-config re-configuration, the UE may consider the CORESET #5 as the second one if the CORESET #5 replaces the CORESET #1. Alternatively, the UE may treat the CORESET #5 as the third one if the configuration of CORESET #5 follows that of the CORESET #2. In this case, behaviors of linking a CORESET with a Ap may be different between UE and gNB, which potentially leads to different understandings on the CCE index of UE-specific search space and the failure in PDCCH monitoring from the UE side. Therefore, it is necessary to clarify that the mapping should be based on CORESET IDs which are arranged in increasing order. Then, A0, A1, and A2 for the first- , the second- and the third CORESET respectively are fully clear. We propose to map the configured CORESET to Ap according to CORESET IDs in increasing order. The corresponding text proposals are provided in the Appendix A.  
Proposal 5: Revise the description for Ap in 38.213 by adding the clarification on the ordering of the configured CORESET(s) as shown in Appendix A.
Correction on maximum number of blind decodings in TS38.213
The agreements on the maximum number of blind decodes were made in the previous meetings. In the current TS38.213, the maximum number of monitored PDCCH candidates is used in the related description for Table 10.1-2 instead of the maximum number of blind decodes. Therefore, correction is needed. Details of the proposal are shown in Appendix B.
Proposal 6: Revise the description for Table 10.1-2 in 38.213 by using “blind decodes” instead of “monitored PDCCH candidates”. Details are shown in Appendix B.
Conclusions
[bookmark: _GoBack]The contribution mainly discusses the remaining issues on search space, including capability on PDCCH blind decodes and CCEs for channel estimation for CA with different numerologies and the PDCCH mapping rule for Case2. And some correction and clarification on search space are discussed. Based on the above discussion, we have the following proposals:
Proposal 1: For a UE supporting CA with up to X DL-CCs with the mixed numerologies with X <= 4, the maximum number of BDs/CCEs for channel estimation per slot on the scheduling CC is defined as below:  
· For a scheduling CC without cross-carrier scheduling other CC(s), the maximum number of BDs/CCEs for channel estimation per slot is the same as that for single CC case;
· For a scheduling CC with cross-carrier scheduling other CC(s), 
· 


When , the maximum number of BDs/CCEs for channel estimation per slot are  and  respectively;
· 


When , the maximum number of BDs/CCEs for channel estimation per slot are  and  respectively;




where Mk(·) denotes the maximum number of BDs per slot of CC k, Nk(·) denotes the maximum number of CCEs for channel estimation per slot of CC k; KS and KC are the number of CCs including scheduling CC itself and all the scheduled CCs in the scheduling CC for  and  case respectively, ∈{0,1,2,3} denotes the subcarrier spacing of scheduling CC, and  ∈{0,1,2,3} denotes the subcarrier spacing of scheduled CC.



Proposal 2: For a UE supporting CA with up to Y DL-CCs with the mixed numerologies and Y > 4, the maximum number of BDs equals to y*M() and the maximum number of CCEs for channel estimation equals to y*N(), where y∈{4,5,…,16} is reported by UE and the reference subcarrier spacing  should be specified, e.g. 15kHz.
Proposal 3: Confirm the following working assumption with updates:
· At least for For Case 1-1 and Case 1-2, map all candidates of USS  search-space-set with lower SS set ID before candidates of USS with higher ID 
· If all candidates in a SS set can’t be mapped, any candidates in the SS set and in any subsequent SS sets are dropped (not mapped)
Proposal 4: For Case 2, PDCCH candidates are mapped to UE-specific 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, CSS  before USS 
· For USS, the remaining number of blind decodes or CCEs for channel estimation should be divided into each occasion averagely
· Within one occasion, map all candidates of USS  search-space-set with lower SS set ID before candidates of USS with higher ID 
· If all candidates in a SS set can’t be mapped, any candidates in the SS set and in any subsequent SS sets are dropped (not mapped)
Proposal 5: Revise the description for Ap in 38.213 by adding the clarification on the ordering of the configured CORESET(s) as shown in Appendix A.
Proposal 6: Revise the description for Table 10.1-2 in 38.213 by using “blind decodes” instead of “monitored PDCCH candidates”. Details are shown in Appendix B.
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Appendix A
Text proposal in TS38.213 v15.1.0
------------------------------------------- Start of Text Proposal ------------------------------------------






for a UE-specific search space, , ,  for the first control resource set,  for the second control resource set, if any,  for the third control resource set, if any, and , where the configured CORESET(s) are ordered in ascending order of the CORESET ID; 
----------------------------------------End of Text Proposal ----------------------------------
Appendix B
Text proposal in TS38.213 v15.1.0
------------------------------------------- Start of Text Proposal ------------------------------------------

Table 10.1-2 provides the maximum number of blind decodesmonitored PDCCH candidates, , for a UE per slot for operation with a single serving cell as a function of the subcarrier spacing.


Table 10.1-2: Maximum number of blind decodesmonitored PDCCH candidates per slot for a single serving cell as a function of the subcarrier spacing value  kHz, 
	

	
Maximum number of blind decodesmonitored PDCCH candidates per slot and per serving cell 

	0
	44

	1
	36

	2
	22

	3
	20


----------------------------------------End of Text Proposal ----------------------------------
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