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1 Introduction
In previous RAN1 meeting, some agreements were reached about control resource set (CORESET). 

Agreements (in RAN1 NR Adhoc):
· A control resource set is defined as a set of REGs under a given numerology

· Control search space includes at least the following properties

· Aggregation level(s)

· Number of decoding candidates for each aggregation level

· The set of CCEs for each decoding candidate

· FFS: if any of the following properties belong to control resource set or control search space

· Transmission/diversity scheme

· CCE to REG mapping

· RS structure

· PRB bundling size

Agreement (in RAN1 #88):

· Multiple control resource sets can be overlapped in frequency and time for a UE.

· A search space in NR is associated with a single control resource set

· The search spaces in different control resources sets are defined independently.

· The max number of BD candidates for a UE is defined independently of the number of control resource sets and the number of search spaces.

Agreement (in RAN1 #88bis):

· A CCE may be mapped to REGs with interleaved or non-interleaved REG indices within a CORESET

· Definition of a REG bundle: The UE may assume that the same precoder is used for the REGs in a REG bundle and that the REGs in a REG bundle are contiguous in frequency and/or time 

· REG bundling per CCE is supported for NR-PDCCH

· FFS: Whether this applies to common search space

· FFS: Whether all REGs have DMRS or not

· FFS: Whether wideband precoding is supported and the definition of a REG bundle if it is supported

· FFS: whether REG bundle size is different for mapping of NR-PDCCH with or without interleaved mapping of CCE to REGs 

· FFS on REG bundle size

· FFS whether REG bundle size is configurable

Working assumption (in RAN1 #88bis):
· A NR-CCE is defined as 6 REGs

· Candidate bundle sizes for distributed REG-to-CCE mapping: 2 or 3 REGs if NR-CCE is defined as 6 REGs
Agreements (in RAN1 #89bis):
· In time domain, a CORESET can be configured with one or a set of contiguous OFDM symbols

·  The configuration can indicate the starting OFDM symbol and time duration

· A CORESET is configured with only one CCE-to-REG mapping
Working assumptions (in RAN1 #89):
· For a time-duration of a CORESET:

· Support 1-3 OFDM symbol as time duration for a CORESET on the NR carrier with less than or equal to X PRBs

· Support 1-2 OFDM symbol as time duration for a CORESET on the NR carrier with wider than X PRBs

· FFS: X values

· FFS: Other time duration

· FFS: Relationship of a first PDSCH DMRS symbol with one or more symbols of a CORESET for slot-based scheduling
· FFS: restriction in the certain conditions

In this contribution, we give a further analysis on the CORESET and its configuration.

2 CORESET configuration

2.1 CORESET resource

For CORESET configuration, multiple CORESETs should be supported at least to realize the case that control resource span different OFDM symbols and each CORESET has duration of 1 OFDM symbol. In that case, pipeline processing of PDCCH can be done. Either localized or distributed mapping should be configured to a CORESET, which depends on application scenario. The CORESET transmitting UE specific control should support wide range of BWP. This means the resource sizes should be variable.
The above case should support 1 ‘primary’ CORESET, it may carry the RMSI. But it is not concluded yet that how the UE can obtain the resource during initial access. 

The control should adopt same CCE/REG structure of CORESET. This default common CORESET should also support higher aggregation level and distributed mapping. For AL=8, at least 48 REGs are needed. If we want to support a relatively small bandwidth, the 48 REG have to be transmitted in symbol other than SS blocks. Also, that CORESET should support limited number of resource sizes. 1 or 2 contiguous resource sizes should be sufficient. The common CORESET need in initial access should be support at least 5 MHZ range @ 15KHz SCS. That CORESET size is equivalent to 24 PRBs. The default CORESET may occupy multiple symbols since it is not delay sensitive. 
Proposal 1: For the CORESET configured by MIB, at least 24 contiguous PRBs in frequency and multiple symbols are supported. For other CORESETS configured by RRC signaling, scalable sizes could be informed.

2.2 Relationship between CORESET and Search Space

A search space in NR is associated with a single CORESET. It precludes the possibility that a search space is distributed over multiple CORESETs. For one CORESET, it may have one search space or contain multiple search spaces. How to configure search space(s) into one CORESET should be carefully considered. 
We believe that allowing one CORESET including one or multiple search spaces has several use cases. At least, a CSS must be acquired in the CORESET during initial access procedures. This CORESET should be derived by MIB or implicitly. The configuration for this CORESET should meet the minimum receiving capability of UE. 
the USS can be multiplexed within the same CORESET as CSS, which is beneficial to avoid monitoring multiple CORESETs. It will also facilitate flexible resource reuse between CSS and USS
In addition, it should not be precluded CSS and USS can be carried in different CORESETs for a UE. Then, CSS and USS can be independently configured with different resource mapping rule transmission schemes, REG Bundle size, etc. as required. 
When configuring the CORESET for the UE, gNB should also explicitly or implicitly indicates that which type of search spaces (CSS and/or USS) maybe included in the CORESET. That should be designed as full set of configuration.
Proposal2: A CORESET can include one or multiple search spaces. CSS and USS can be configured in the same or different CORESETs.
2.3 Monitor Occasion of CORESET

The CORESETs was defined as per scheduling time unit based. It can be applied for different transmission durations for various services. In typical eMBB service, a CORESET is from the starting symbol of one slot and it may occur once every one or several slot. In URLLC, it can be transmit once very few symbols. The monitoring occasion of CORESET can be configured by gNB

Figure 1 shows example to allow different monitoring occasions.


Figure 1: An illustration of slot and mini-slot PDCCH monitoring occasions 
For one UE, it can be configured with the full set of monitoring occasions, depending on UE capability. For the primary common CORESET, monitoring occasion can be implicitly defined.

Proposal3: Each CORESET should be configured with a monitoring occasion which is defined in slots or number of OFDM symbols. Different CORESETs can be configured with the same or different monitor occasions. 

2.4 CORESET configuration parameters

According to the above discussion, the CORESET configuration may include following parameters. It is noted that For the CORESET configured by MIB, some of the parameters can set to default value in order to reduce the overhead of MIB.
· Resource allocation for the CORESET in frequency domain

· Starting OFDM symbol

· Time duration

· REG bundle size

· Transmission scheme (i.e., distributed or localized)

· Search space configuration (e.g. CSS and/or USS aggregation level, candidate number )
· Monitor occasion configuration
· PDSCH sharing on-off (i.e whether can be reused for PDSCH or not)
· RS information (e.g., RS sequence parameters)

CORESET is a set of PRBs in frequency domain. The PRBs may or may not be frequency contiguous. So, “Resource allocation for the CORESET in frequency domain” is needed. A compact resource allocation scheme can be considered to support both the contiguous and non-contiguous resource allocation for CORESET. The scheme of LTE DL resource allocation type0 can be a good start point. 

For PDSCH sharing on, it indicates that this CORESET can be reused for PDSCH transmission. Otherwise, UE is not allowed to map the resources for PDSCH transmission. This enables the reused scope. 

Proposal4: CORESET configuration should support resource allocation in frequency/time and PDSCH sharing for the CORESET
3 Conclusion

In this contribution, some considerations on DL control channel design for NR are discussed. According to the discussion, the following proposals are given:
Proposal 1: For the CORESET configured by MIB, at least 24 contiguous PRBs in frequency and multiple symbols are supported. For other CORESETS configured by RRC signaling, scalable sizes could be informed.

Proposal2: A CORESET can include one or multiple search spaces. CSS and USS can be configured in the same or different CORESETs.
Proposal3: Each CORESET should be configured with a monitoring occasion which is defined in slots or number of OFDM symbols. Different CORESETs can be configured with the same or different monitor occasions. 

Proposal4: CORESET configuration should support resource allocation in frequency/time and PDSCH sharing for the CORESET
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