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Introduction
In previous RAN1 #92bis meeting, the following agreements were made regarding search space design [1]:
	Agreements:
· For Rel.15 December 2017 version of Case 2, number of CCEs for channel estimation per slot is {56, 56, 48, 32} CCEs for SCS {15kHz, 30kHz, 60kHz, 120kHz}

Agreements:
· UE is not expected to be configured with PDCCH monitoring in CSS(s) for more than what UE can monitor in terms of numbers of BDs/CCEs

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.

Agreements:
· The working assumption as part of the agreements below is confirmed:
· Change Y_{p, kp} to Y_{p, ns,f }  in the search space hashing function in subclause 10.1 of 38.213, where the index ns,f  is the slot number.
· (Working assumption) The reset of the update is per radio frame
Agreements:
· A UE is not expected to be configured to monitor PDCCH across a slot boundary.

Working assumption:
· For a common search space configured with RMSI-PDCCH-Config, osi-searchSpace, paging-searchSpace, and ra-searchSpace, DCI format 0_0/1_0 with C-RNTI is monitored in non-DRX occasions after C-RNTI is available.
· For a common search space configured with RMSI-PDCCH-Config, osi-searchSpace, paging-searchSpace, and ra-searchSpace, DCI format 0_0/1_0 with CS-RNTI is monitored in non-DRX occasions after CS-RNTI is available.

Agreements:
· Following is to be clarified in 213:
· Type0-CSS is configured by RMSI-PDCCH-Config provided by MIB or is configured by searchSpace-SIB1 provided by PDCCH-ConfigCommon
· Type0A-CSS is configured by searchSpace-OSI provided by PDCCH-ConfigCommon
· Type1-CSS is configured by ra-SearchSpace provided by PDCCH-ConfigCommon
· Type2-CSS is configured by pagingSearchSpace provided by PDCCH-ConfigCommon
· Type3-CSS is configured by a SearchSpace with the searchSpaceType “common” provided by PDCCH-Config

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 




This contribution discusses the remaining details on CORESET/search space configuration of the active BWPs and relevant UE behaviors. In addition, we propose to update the current characterization of BD and channel estimation requirements for CA-capable UEs in terms of the number of configured DL CCs instead of assuming flexible resource sharing across CCs within the UE. Lastly, the issue of TCI configuration for CORESET 0 and CORESET-BFR are discussed.


Remaining issues on CORESET/SS configuration
There is still a remaining working assumptions regarding CORESET configuration as shown below.
	Agreements:
· 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.




According to the BWP discussions, it is sufficiently mature to confirm the working assumptions above. One issue is that we have “C-SS  (if configured)” for the second WA, which looks not clearly aligned with the first WA that The UE is not expected to be configured without C-SS on the PCell (PSCell) in the active DL BWP. It is proposed to remove “(if configured)” and limit the second WA for the PCell (PSCell) in order to avoid any confusions.

One remaining issue is that the first WA along with the note can be interpreted in two different ways as shown below.

· Interpretation 1: PRACH resource is always configured in each configured BWP
· Interpretation 2: If PRACH resource is not configured in the active BWP, UE behavior is based on RAN2’s agreements (which is still under discussions in RAN2) without any additional impact to RAN1 spec

RAN2 is currently working on the UE behaviors especially for the cases that RACH is not configured for some BWPs as can be seen in [3]. According to [3], RAN2 is analyzing simple 6 scenarios depending on the BWP mapping rules. However, there can be more complicated scenarios to be analyzed, e.g., BWP overlapping scenarios, so it looks like RAN2 needs more time to define clear UE behaviors and potentially there can be some influences in RAN1 spec at the last stage, which is not acceptable by the WA. From that perspective, it looks like that having RACH configuration on each BWP would simplify the UE behavior and also speed-up the discussions in both RAN1 and RAN2. In addition, by having RACH in each BWP, the BWP switching is significantly reduced, which can reduce unnecessary procedure delay as well as UE complexity. 

Proposal 1
· Confirm the following working assumptions (with slight modification as shown in red)
· 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, on the PCell (PSCell), 
· 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.
· Confirmation of the working assumption is interpreted as “PRACH resource is always configured in each configured BWP”

Characterization of BD and channel estimation requirements for CA-capable UEs
In the current specifications, the following is described:
	






If a UE is capable for operation with carrier aggregation with  downlink cells having a same subcarrier spacing, the UE is expected to monitor  PDCCH candidates for DCI formats with different size and  non-overlapped CCEs per slot. If the UE is capable for operation with carrier aggregation with  downlink cells having a same subcarrier spacing and the UE indicates through pdcch-BlindDetectionCA a capability to monitor  PDCCH candidates for DCI formats with different size per slot, the UE is expected to monitor  PDCCH candidates for DCI formats with different size and  non-overlapped CCEs per slot.



The above implies that the BD and channel estimation capabilities may be flexibly shared across component carriers the UE is dimensioned to handle. As an example, assume the UE supports > 4 DL CCs, and reports a BD and CCEs capability corresponding to Ncellscap.
 Then, two interpretations were identified in defining the capability details. 
         Interpretation 1: The maximum numbers of BDs and CCEs for channel estimation can be supported by the UE in any number of CCs combination (including single DL CC case) – implying that baseband capabilities can be flexibly shared independent of the number of active DL CCs. 
         Interpretation 2: The UE is not required to support more than min(Ncellscap, m) * MPDCCHmax,slot BDs and min(Ncellscap, m) * CPDCCHmax,slot CCEs for channel estimation when configured with ‘m’ DL CCs, where MPDCCHmax,slot and CPDCCHmax,slot are the max number of BDs and CCEs respectively defined for PDCCH monitoring for the single DL CC case – implying that UE implementations with a per-carrier partitioning of resources may be supported.
Thus, the current specification text implies Interpretation 1, which imposes additional implementation constraints without material gains in terms of system operation. This is because, depending on details of UE implementation, these capabilities may not be flexibly shared across CCs.
Accordingly, it is proposed to adopt Interpretation 2 and in this regard, a possible text proposal is provided below:
--------------START of Text proposal for TS 38.213, v15.1.0---------------







If a UE is capable for operation with carrier aggregation with  downlink cells having a same subcarrier spacing, the UE is expected to monitor  PDCCH candidates for DCI formats with different size and  non-overlapped CCEs per slot, where  is the number of downlink cells configured to the UE. If the UE is capable for operation with carrier aggregation with  downlink cells having a same subcarrier spacing and the UE indicates through pdcch-BlindDetectionCA a capability to monitor  PDCCH candidates for DCI formats with different size per slot, the UE is expected to monitor  PDCCH candidates for DCI formats with different size and  non-overlapped CCEs per slot, where  is the number of downlink cells configured to the UE.
--------------END of Text proposal for TS 38.213, v15.1.0---------------
Proposal 2
· BD and channel estimation requirements are defined as a function of the number of configured DL CCs. 
· Adopt the text proposal for TS38.213 as in Section 3.
TCI configuration for CORESET 0
It has been agreed that PDCCH beam indication is based on RRC or RRC+MAC CE. The beam indication is per CORESET basis. Then one remaining issue is whether/how to indicate the beam for CORESET 0 and CORESET-BFR.
For CORESET 0, in last meeting, there is one agreement as follows:
	Agreements:
· NW and UE maintain the same understanding on SSB/CORESET#0/SS#0 in connected_mode at least for non-broadcast PDCCH
· Solutions FFS
· For the broadcast PDCCH, it is up to UE which common search space to monitor based on which SSB in both connected, in-active, and idle modes
· Unicast PDSCH can be scheduled by a DCI associated with the CORESET #0


So based on the above agreement, for CORESET 0, if it is only used for broadcast PDCCH, it is not necessary for a UE to understand the SSB index for the SS0/CORESET0 to be monitored. Instead, UE can monitor SS0/CORESET0 configured by one SSB selected by itself. 
However, if it is used for unicast PDCCH, UE should know the SSB index for SS0/CORESET0. Then one simple way is to re-use beam indication framework, where only the TCI state corresponding to a valid SSB index may be configured for CORESET 0. Whether to transmit unicast PDCCH in CORESET 0 is up to gNB implementation. So the beam indication for CORESET 0 should also be up to gNB implementation.
In addition, for CORESET-BFR, it has been agreed that it can only be tied to search space used for BFR. During BFR, its beam is based on the newly identified beam and after BFR UE would not monitor CORESET-BFR, so it is not necessary to configure TCI state for CORESET-BFR. 
Proposal 3
· For CORESET 0, it is up to gNB whether to configure TCI state or not.
· Only the TCI states associated with a valid SSB index may be configured 
Proposal 4
· For CORESET-BFR, UE shall not expect TCI state be configured.
Conclusion
[bookmark: _GoBack]In this contribution, we provided our views on open issues regarding DL control search space and CORESETs. Based on the presented discussion, the following proposals are made: 
Proposal 1
· Confirm the following working assumptions (with slight modification as shown in red)
· 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, on the PCell (PSCell), 
· 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.
· Confirmation of the working assumption is interpreted as “PRACH resource is always configured in each configured BWP”
Proposal 2
· BD and channel estimation requirements are defined as a function of the number of configured DL CCs. 
· Adopt the text proposal for TS38.213 as in Section 3.
Proposal 3
· For CORESET 0, it is up to gNB whether to configure TCI state or not.
· Only the TCI states associated with a valid SSB index may be configured 
Proposal 4
· For CORESET-BFR, UE shall not expect TCI state be configured.
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