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1. [bookmark: _GoBack]Introduction
In RAN1#92 meeting, the issue on overlap between a CORESET and a SSB was discussed, and following agreement was made;
Agreement:
· If a PDCCH decoding candidate having a CCE overlapped, even partially, with the configured SSB, the UE is not required to monitor the PDCCH with the decoding candidate.
In addition to the agreement, the RS mapping of a CORESET which overlaps with SSB needs to be discussed. In this contribution, we discuss RS configuration when larger precoder granularity is configured to a CORESET and the CORESET overlaps with configured SSB.

2. Discussions 
In previous 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.
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: 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 PDCCH structure, and following is proposed; 
Proposal: 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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