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1. Introduction
In previous meeting, it was agreed that CORESET ID of the CORESET configured by PBCH is 0, while configuration of the CORESET#0 is still FFS. In addition, UE’s behavior when a CORESET is overlapped with other signals such as SSB and RMR needs to be defined. In this contribution, we discuss those issues.

2. Discussions 
2.1. Configuration of CORESET#0 

According to a current specification, a UE determines a number of consecutive resource blocks and a number of consecutive symbols for the control resource set of Type0-PDCCH common search space from the first four bits of RMSI-PDCCH-Config (included in MIB) and determines PDCCH monitoring occasions from the second four bits of RMSI-PDCCH-Config. In addition, a REG bundle size of CORESET#0 is fixed to 6. Other parameters for CORESET#0 configuration such as CCE-to-REG mapping (i.e., with/without interleaving), interleaver size (i.e., ) are still FFS.
Regarding the CCE-to-REG mapping, in order to achieve frequency diversity gain, each candidate should be evenly distributed within the CORESET. And it is natural to use transmit diversity scheme (rather than UE-dedicated beamforming) for a CORESET#0, because common signal is mainly transmitted in the CORESET. Therefore, REG bundle level interleaving is suitable as a CCE-to-REG mapping of the CORESET#0. 
Regarding the interleaver size, since AL4 and 8 are mainly used in CORESET#0, an interleaver size of 4 could be considered for an even distribution of REG bundles. If the interleaver size should be selected among {2,3,6}, only the size of 2 can be used for all possible cases by current specification. According to previous agreement, the UE is not expected to handle configurations resulting in the quantity C not being an integer, and the C is defined as . It means that possible interleaver size (R) is restricted by the total number of REGs in the CORESET#0, because L is fixed as 6 in CORESET#0. In other words, if  is not multiple of an interleaver size, the interleaver size cannot be used for CORSET#0. Table 1 shows possible interleaver size for each number of REGs. 
	# of REGs
	24
	48
	72
	96
	144
	192
	288

	Possible Row size
	2
	2
	2,3,6
	2
	2,3,6
	2
	2,3,6


Table 1. Interleaver sizes of CORESET#0
In order to achieve more frequency diversity, interleaver size of 3 (or 6) can be applied to the cases of 72, 144 and 288 REGs, and other cases use an interleaver size of 2.  
Proposal 1: For a CCE-to-REG mapping, the REG bundle level interleaving is applied to CORESET#0.
Proposal 2: The interleaver size of CORESET#0 is determined depending on the total number of REGs in the CORESET.


2.2. Handling of overlapping between CORESET and SSB
In previous meeting, the UE’s behavior on CORESET overlapped with SSB was discussed, and candidate skipping was proposed for that case, for example, the UE is not expected to monitor a PDCCH candidate if any RE of the PDCCH candidate overlaps with SSB. The candidate skipping is a simple solution, but it has problems in terms of resource utilization. Figure 1 shows examples of overlapping between CORESET and SSB for each CCE-to-REG mapping case, and CCE skipping is assumed. Note that more resource cannot be used in the case of candidate skipping compared to CCE skipping, because the candidate cannot be used if any resource of the candidate overlaps with SSB. As shown in the figure, if an interleaving is used for a CORESET, there are only a few CCEs for transmitting control channel because the SSB uses consecutive 20 RBs and REG bundles included in different CCEs are located contiguously. If an interleaving is not used for a CORESET, more resources are available for control channel transmission compared to the interleaving case. However, there are still restriction on resource utilization and aggregation levels, for example, only one AL8 candidate which started at CCE#16 can be used in the figure 1(b). 
[image: ]
Figure 1. Examples of overlap between CORESET and SSB
In order to increase resource utilization of the CORESET overlapped with SSB, the resource unit re-indexing on non-overlapped frequency region could be considered. It could be interpreted as a CORESET reconfiguration on a slot overlapped with SSB. Figure 2 shows examples of proposal. 
[image: ]
Figure 2. Examples of proposal
As shown in the figure, the resource unit re-indexing provides more resource utilization, especially in interleaving case. In addition, more high aggregation level candidates can be used compared to candidate skip scheme. 
Proposal 3: If a CORESET is overlapped with a SSB on a certain slot, resource unit (e.g., REG, REG bundle, CCE) re-indexing is performed on non-overlapped frequency region in the slot.

It has been also discussed whether CORESET can be also rate matched around rate matching resource sets. So far, it has been agreed to perform rate matching only for PDSCH. Given there could be cell-specific rate matching resources, and also some reserved resources, it is considerable to allow rate matching of control channels on the rate matching resource sets (semi-statically configured). In terms of expected behaviour, some clarifications seem still necessary as follows. 
(1) RE level rate matching resources are not assumed for control channel. If we consider RE level, it becomes a bit complicated in terms of handling DM-RS mapping, etc. Overall, we do not see it’s beneficial to apply RE level rate matching for control channels. 
(2) Whether to rate match at REG level, REG bundle level or PDCCH candidate level. When CORESET overlaps with rate matching resource, different approaches of rate matching level can be considered. Given that REG level rate matching may lead performance loss in channel estimation, at least, it’s considerable to rate matching at REG bundle level. Alternatively, not to degrade overall candidate performance, a UE may skip monitoring of candidates which are overlapping with rate matching resources. 
(3) Wideband RS precoder assumption: due to rate matching resources, if CORESET has non-contiguous frequency chunk, whether to apply same precoder within only the contiguous frequency after rate matching needs some consideration as well. As channel estimation would be performed separately in discontinuous frequency regions after rate matching, it can be considered to apply the same precoder only within the contiguous frequency after rate matching. As rate matching resources can have different time/frequency, this may complicate the assumption of precoder when CORESET duration is larger than 1 OS. In that sense, we prefer a simple approach where precoder assumption is not changed by rate matching resources including SSBs. 
Proposal 4: The candidate skipping is assumed when CORESET and rate matching resources overlap. 
Proposal 5: Precoder assumption in frequency domain is not affected by rate matching resources when wideband RS is configured. 


3. Conclusion
In this contribution, we discuss remaining issues on PDCCH structure, and followings are proposed; 
Proposal 1: For a CCE-to-REG mapping, the REG bundle level interleaving is applied to CORESET#0.
Proposal 2: The interleaver size of CORESET#0 is determined depending on the total number of REGs in the CORESET.
Proposal 3: If a CORESET is overlapped with a SSB on a certain slot, resource unit (e.g., REG, REG bundle, CCE) re-indexing is performed on non-overlapped frequency region in the slot.
Proposal 4: The candidate skipping is assumed when CORESET and rate matching resources overlap. 
Proposal 5: Precoder assumption in frequency domain is not affected by rate matching resources when wideband RS is configured.
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