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1. Introduction
In this contribution, we discuss QCL assumption of a CORESET without tci-StatesPDCCH, QCL assumption between overlapped CORESETs in time domain, and WBRS mapping.

2. Discussions 
2.1. QCL assumption of a CORESET without tci-StatesPDCCH
According to a current RRC specification (i.e., TS38.331), an information element “ControlResourceSet” is provided for each CORESET, and a parameter “tci-StatesPDCCH” in the IE can be configured for providing QCL relationships between the DL RS/SSB and the CORESET. However, the “tci-StatesPDCCH” is optional parameter. It means that the parameter may not be configured for some CORESETs. So, a default QCL assumption should be needed to determine Rx beam for PDCCH reception in the TCI-less CORESET. For a default QCL assumption, we propose that, for a CORESET which doesn’t include “tci-StatesPDCCH”, a UE assumes that a QCL from latest RACH procedure is applied to the CORESET.
In the case of BFR-CORESET (for beam failure recovery procedure), according to the previous agreement from the email discussion in MIMO session, a UE assumes that the dedicated CORESET is spatial QCL’ed with DL RS of the UE-identified candidate beam in the beam failure recovery request. From the PDCCH perspective, this agreement can be interpreted as follows; implicit spatial QCL update (regardless of CORESET configuration) via beam recovery procedure and/or beam management procedure is assumed for a BFR-CORESET.
Other than BFR-CORESET, it needs to clarify which CORESET(s) would not be associated with TCI states. At least, we consider that CORESET #0 (by PBCH) and #1 (by RMSI) would not be associated with TCI states. For other CORESETs, generally for USS operation, it is desirable to configure TCI states. 
Proposal 1: For a CORESET (at least CORESET#0 and/or #1 if available) other than BFR-CORESET without “tci-StatesPDCCH” configured, a UE assumes that a spatial QCL from latest RACH procedure is applied to the CORESET.
Some clarification whether this RACH procedure can include contention-free as well is necessary. In our view, contention-free may be based on CSI-RS without associated SSB and QCL associated with the CSI-RS may not be stable for CORESET#0 and/or #1. So, at least for CORESET#0 and/or #1, it is safer to change QCL information based on the recent contention-based RACH procedure. 

2.2. QCL assumption between overlapped CORESETs in time domain
According to previous agreements, each CORESET has own QCL assumption, and different CORESETs can be overlapped on time and/or frequency domain. It means that CORESETs with different QCL assumptions can be overlapped on a same symbol. Because a UE determines an Rx beam used for monitoring each CORESET by considering TCI state of each CORESET, if multiple CORESETs with different QCL assumptions overlaps on time domain resources (e.g., OFDM symbol), a UE should support multiple Rx beams or select one Rx beam (or TCI state) by a certain selection rule. In current release, a UE which can use multiple Rx beams are not considered so far, so we can consider following options for solving the problem;
Option 1) Monitoring skip of lower prioritized CORESET
The CORESET selection rule can be applied when CORESETs with different spatial QCLs are overlapped on time resources, and a UE can skip monitoring candidates included in non-selected CORESET. The priority of each CORESET can be determined by, for example, CORESET ID, the number of SS sets associated with a CORESET, associated search space type, etc. This option is simple, but PDCCH transmission/reception opportunity cannot be guaranteed in some resources.
Option 2) Representative spatial QCL for overlapped CORESETs
This option is to list overlapped CORESETs using the priority rule as in Option 1). Instead of dropping lower priority CORESET(s), change of QCL state can be considered on lower priority CORESET(s). In other words, we propose that same spatial QCL is assumed on overlapped CORESETs, and the representative QCL can be selected by using CORESET priority as mentioned in option 1. In other words, QCL assumption for overlapped CORESET(s) follow the highest priority COREST’s QCL. This option can provide more PDCCH transmission/reception opportunity, but the PDCCH performance of CORESET with lower priority may be decreased because of mismatch between Tx beam and Rx beam. 
Option 3) No overlap between CORESETs with different spatial QCLs
A UE can assume that the network doesn’t schedule overlapped CORESETs with different spatial QCLs. However, it is not sure that the overlap can always be avoided by scheduling. 

In our view, Option 2 is preferable. So, our proposals are as follows;
Proposal 2: When multiple CORESETs with different TCI states are overlapping, select the highest priority CORESET based on a rule. Simple rule is to give highest priority on CORESET with CSS or BFR-SS.
Proposal 3: Apply the highest priority CORESET’s QCL assumption on the overlapped CORESET(s) with different TCI states. 

2.3. WBRS mapping on a CORESET 
In following section, information for transmitted SSBs can be indicated by common signaling and UE-dedicated signaling, and common signaling is overridden by UE-dedicated signaling. So, a UE can assume actual transmitted SSBs by the available signaling.
In RAN1#92 meeting, the UE’s behavior on a CORESET which overlaps with a SSB was discussed, and candidate skipping was agreed for that case, i.e., the UE is not required to monitor a PDCCH candidate if any RE of the PDCCH candidate overlaps with SSB.
[bookmark: _GoBack]Regarding the precoder granularity, a UE can be configured CORESET-specifically to assume that the same precoding is used within a REG bundle or across all the REGs within the set of contiguous resource blocks in the CORESET. If the same precoding is used within a REG bundle, there is no problem to apply the agreement for handling overlap between a CORESET and a SSB. However, if a larger precoder granularity is configured for the CORESET, there is an ambiguity in the RS mapping. Figure 1 shows an example for the case of overlap between a CORESET and a SSB. It is assumed that 3 symbol (localized) CORESET with a larger precoder granularity is configured and a SSB overlaps with the CORESET on a certain slot. Regarding the RS mapping, it is natural not to map RS on Region D for SSB transmission. The issues may be whether RSs are mapped on Region C, whether same precoding is assumed on Region A and B, and whether REGs in a CORESET are contiguous or not.  
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Figure 1. An example of overlap between a CORESET and a SSB
Regarding the issues as mentioned above, several options could be considered as follows; 
(To see examples of each option, it is assumed that a CORESET consists of Region A, B, C, and D, and only Region D overlaps with SSB in the figures as shown in below.)
Option 1) No RS on overlap (time/frequency) region
A UE can assume that there is no RS on overlap resources with SSB, and same precoding can be assumed on available resources except overlap resources. Figure 2 shows an example of Option 1. As shown in the figure, a difference between overlapped and non-overlapped CORESETs is whether RSs are mapped on Region D or not. This option is straightforward, and better channel estimation performance can be achieved on non-overlapped symbols (e.g., Symbol #0 and #1 in the figure).
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Figure 2. An example of Option 1
Option 2) No RS on overlapped frequency region
Second option is that a UE can assume there is no RS on the frequency region which used for SSB transmission, and regions divided by the SSB are regarded as non-contiguous resource block sets. Figure 3 shows an example of Option 2. A CORESET including Region A, B, C, and D is changed into a CORESET formed by Region A and B on a slot where the CORESET overlaps a SSB, and same precoding can be assumed on each region by definition of wideband RS. This option is also simple, but channel estimation performance may be worse than option 1 because the number of RSs is decreased compared to option 1. 
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Figure 3. An example of Option 2
Option 3) No PDCCH monitoring on the CORESET
If the overlap between a CORESET with wideband RS and a SSB is a rare case, it can be considered that PDCCH monitoring on the CORESET is skipped in order not to define additional behavior. 

From our perspective, the Option 1 or 2 should be considered to provide more chance of control channel transmission/reception, and Option 1 is slightly preferred for better channel estimation performance.
Proposal 4: If a CORESET with wideband RS overlaps with a SSB, a UE assumes there is no RS on REGs which overlap with the SSB.

3. Conclusion
In this contribution, we discuss remaining issues on QCL assumption and WBRS mapping, and followings are proposed; 
Proposal 1: For a CORESET (at least CORESET#0 and/or #1 if available) other than BFR-CORESET without “tci-StatesPDCCH” configured, a UE assumes that a spatial QCL from latest RACH procedure is applied to the CORESET.
Proposal 2: When multiple CORESETs with different TCI states are overlapping, select the highest priority CORESET based on a rule. Simple rule is to give highest priority on CORESET with CSS or BFR-SS.
Proposal 3: Apply the highest priority CORESET’s QCL assumption on the overlapped CORESET(s) with different TCI states. 
Proposal 4: If a CORESET with wideband RS overlaps with a SSB, a UE assumes there is no RS on REGs which overlap with the SSB.
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