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Introduction
In RAN1#90 Meeting [1], there were following agreements regarding CORESET configuration, including the CORESET information that is transmitted on NR-PBCH:

Agreements:
· For frequency location of CORESET for RMSI scheduling and NR-PDSCH for RMSI, 
· CORESET for RMSI scheduling and NR-PDSCH for RMSI does not have to be confined within the same BW of corresponding NR-PBCH
· Bandwidth for CORESET and NR-PDSCH for RMSI is confined within the UE minimum bandwidth for the given frequency band

Agreements:
· The CORESET used to schedule the PDSCH containing the RMSI can be configured to contain also UE-specific PDCCH(s)

Working assumptions:
· For slot-based scheduling, the first DMRS position either on 3rd symbol or 4th symbol is configured by [PBCH].
· Maximum time duration of a CORESET is 2 symbols if the first DMRS position of a PDSCH with slot-based scheduling is on 3rd symbol, and is 3 symbols otherwise
· This replaces the past working assumption linking DMRS position to bandwidth X

Agreements:
· For interleaving CORESET, the interleaving pattern is derived by the CORESET configuration and is not dependent on other CORESET configuration.
· Note: 
· Following metrics can be considered
· Good frequency distribution of REG bundles within the CORESET
· Blocking probability for potential overlapped CORESET(s)
· Inter-cell/inter-TRP interference randomization

Also, we had the following agreement from RAN1 #89 meeting [2]:

Agreements:
· RMSI scheduling information: [x] bits
· CORESET(s) information: [x] bits
· Simplified information of CORESET(s) compared to CORESET(s) information for UE-specific configuration is considered
· E.g., Time/frequency resource configuration of CORESET(s)
· [Numerology of RMSI: [0 - 2] bits]

In this document, we discuss our views on issues related to CORESET configuration, including the design considerations for CORESET(s) configured by PBCH which is expected to carry group-common PDCCH, and non-contiguous CORESETs as well as overlapping CORESETs.

CORESET Configuration and Group-Common PDCCH 
We believe that the CORESET information carried by PBCH should at least enable the UE to receive the group-common PDCCH for a given numerology. In case there are multiple CORESETs configured by PBCH, at least one of the CORESETs should be configured to carry the group-common PDCCH. However, it should be noted that the UE may still receive the UE-specific and common DCIs in PDCCH carrying a DL assignment (or an UL grant) on the group-common search space (based on the agreement). 
As for the time/frequency resource configuration of CORESET carried on PBCH, based on the above assumption, there is no need to indicate the starting OFDM symbol as part of the PBCH payload given that the group common PDCCH should be transmitted on the first OFDM symbol of a slot. This approach enables the UE to receive the slot format information (SFI) as early as possible in the slot. Moreover, this could potentially free up [1-2] bits in the MIB depending on the system bandwidth which can be used for transmitting other essential information on PBCH. In fact, in case the time duration of 3 OFDM symbols is assumed for control channel transmission similar to the legacy systems, up to 2 bits are needed to indicate the starting OFDM symbol of a CORESET. 
Proposal 1: The UE should assume that the CORESET configured by PBCH starts from the first OFDM symbol in the slot.
As for the time duration of the CORESET configured by PBCH, one option is for the UE to assume a fixed length of 1 OFDM symbol. In fact, for the group-common PDCCH, there is no need to configure a CORESET with a larger duration given that unlike the UE-specific PDCCH, the control channel capacity is not a bottleneck. This option could potentially free up an additional [1-2] bits in MIB, depending on the time-duration of a CORESET.
Proposal 2: The UE should assume that the time duration of the CORESET configured by PBCH is one OFDM symbol regardless of the carrier bandwidth. 
As for CCE-to-REG mapping, given that a CORESET can be configured with only one CCE-to-REG mapping, the UE may assume an interleaved REG-to-CCE mapping for CORESET(s) configured by PBCH. In other words, first the REGs for a given CCE are grouped to form a REG bundle and then REG bundles are interleaved in the CORESET configured by PBCH. However, the REG bundle size for CORESET(s) configured by PBCH should be small in order to maximize the frequency diversity gain for the group-common PDCCH. Noting that it was recently agreed that for a 1-symbol CORESET with interleaving, REG bundle size = {2,6} is supported. The smallest REG bundle size among these two numbers would be 2.
Proposal 3: The UE should assume an interleaved REG-to-CCE mapping for the CORESET configured by PBCH.
Proposal 4: The UE should assume the REG bundle size for the CORESET configured by PBCH is equal to 2.
Following the above design principles, the UE may assume that the CORESET information carried by PBCH is only limited to the frequency resource configuration. However, the information related to the numerology of RMSI need to be included in the Master Information Block (MIB) in order to limit the monitoring for group-common PDCCH carrying slot format related information (SFI) in a slot. We should also note that the CORESET(s) other than those configured by PBCH which carry UE-specific search space can be configured semi-statically and their information can be received by the UE through the system information.
Non-contiguous CORESETs and indication of frequency resources 
Configuration of the CORESET should indicate the allocated resource blocks (RBs). Per previous agreements a CORESET in frequency could be contiguous or non-contiguous. For a contiguous CORESET that are entirely mapped to one bandwidth part, it is only needed to specify the first and the last RB (or PRB) of the CORESET, or equivalently, specify the beginning RB and the CORESET bandwidth in frequency. The granularity of frequency allocation in the CORESET configuration may be in RBs or resource block groups (RBGs) or a fraction of the bandwidth part (e.g. granularity of 1/n of the bandwidth part including the CORESET).
For non-contiguous CORESET, one way to indicate the frequency resources is to assume that it consists of a number of contiguous parts, where each contiguous part is corresponding to one bandwidth part. In this method, the frequency configuration of the CORESET is done by combination of frequency configuration for each contiguous part of the CORESET in each bandwidth part, as specified in the previous paragraph. 
Another way for frequency configuration of a non-contiguous CORESET is to assume that it consists of a limited number of contiguous parts (e.g. at most 2) where they may or may not be in different bandwidth parts. In this case, one way for indication of frequency resources of the CORESET is to indicate the first and the last RB of the CORESET and also the first and the last RB of the gap between the two contiguous parts of the CORESET. 
For efficient usage of the control resources, the number of RBs inside a CORESET should be such that the total number of REGs is a multiple of the number of REGs in a CCE. This implies given that each CCE has 6 REGs, for a CORESET spanning two symbols, then the number of RBs in the CORESET should be a multiple of 6/2=3. It also implies that for a CORESET spanning one OFDM symbol, the number of RBs should be a multiple of 6.
Proposal 5: NR should support at least non-contiguous CORESETs with up to k contiguous frequency components (FFS: value of k).
Overlapping CORESETs
To enable scheduling flexibility, lower the blind decoding and lower the blocking probability, the scheduler may allow different CORESETs to overlap on some resource elements in a transparent manner to the UE. The overlapping CORESETs may have similar or different lengths in terms of the number of OFDM symbols and the number of resource elements and the type of REG-to-CCE mappings. Figure 1 shows an example of two overlapping CORESETs with the length of 1 and 2 OFDM symbols. One possible use-case scenario would be the case that a CORESET configured by PBCH spans one OFDM symbol (i.e., the length of the CORESET configured by PBCH is always fixed to a pre-specified value for example one) and then the CORESET configured by higher layers spans two OFDM symbols but both of these CORESETs overlap. By limiting the length of the CORESET configured by PBCH to one, the number of blind decodings is potentially lowered compared to the case the CORESET spans 2 or 3 OFDM symbols. 
[image: ]
Figure 1. An example of two overlapping CORESETs with lengths of 1 and 2 OFDM symbols: The two overlapping CORSETs may both be configured by UE-specific higher layer signalling, or one configured by PBCH (the red) and one configured by higher layer signalling (the purple).
On the overlapping resources that are shared between two different CORESETs, two different REG-to-CCE mappings may be defined (corresponding to each CORESET). In the case of two different REG-to-CCE mappings for the overlapping CORESETs, two REG bundles from different CORESETs can partially overlap in one or more REGs, while not coinciding with each other. This implies that two CCEs from two different CORESETs can partially overlap in one or more REGs, while not coinciding with each other. For example, if a 1-symbol CORESET with localized frequency-first REG-to-CCE mapping overlap with a 2-symbol CORESET with distributed time-first REG-to-CCE mapping, two CCEs from these two CORESETs may partially overlap on one REG. To avoid collision of two different PDCCH candidates, the network can take the pattern of the overlap of CCEs from the two overlapping CORESETs into account, to avoid assigning two overlapping PDCCH candidates simultaneously. 
Also, in the design of search spaces, it is desirable to have least possible partial overlap between PDCCH candidates of two overlapping CORESETs. For this purpose, it is useful to consider the aggregation levels and the location of PDCCH candidates of the two overlapping CORESETs such that the number of overlapping PDCCH candidate pairs from two CORESETs are minimized, and for each overlapping pair, the overlapping part is maximized. One method for achieving this purpose is to add aggregation levels of 3, 6, 9 for 3-symbol CORESETs to be more in line with aggregation levels of 1, 2, 4, 8 for 1-symbol and 2-symbol CORESETs. 
Proposal 6: Overlapping of CORESETs with different REG-to-CCE mappings is supported in NR.

Summary
This contribution discussed the issues related to CORESET configuration. We made the following proposals:

Proposal 1: The UE should assume that the CORESET configured by PBCH starts from the first OFDM symbol in the slot.
[bookmark: _Ref455734493][bookmark: _Ref434502751][bookmark: _Ref419296613][bookmark: _Ref434227915][bookmark: _Ref434501473]Proposal 2: The UE should assume that the time duration of the CORESET configured by PBCH is one OFDM symbol regardless of the carrier bandwidth. 
Proposal 3: The UE should assume an interleaved REG-to-CCE mapping for the CORESET configured by PBCH.
Proposal 4: The UE should assume the REG bundle size for the CORESET configured by PBCH is equal to 2.
Proposal 5: NR should support at least non-contiguous CORESETs with up to k contiguous frequency components (FFS: value of k).
Proposal 6: Overlapping of CORESETs with different REG-to-CCE mappings is supported in NR.
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