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1 Introduction
In this contribution, we consider the following aspects for the CORESET.
· Configurations of CORESET

· Properties of CORESET

2 Discussions
2.1 CORESET configurations

A common search space (CSS) should be available to the UEs no matter the connections are set up or not. At least, a CSS exists in one common CORESET which are able to accessed by (group of) UEs during initial access. The configurations of the common CORESET are received by the UEs via MIB. Since the capacity of PBCH is limited, some CORESET properties can be predefined to save the signalling overhead. For instance, the common CORESET can always have the REG-to-CCE mapping with interleaving to pursue the large frequency diversity for common PDCCH transmission. Therefore, the configuration of REG-to-CCE mapping is not required for the common CORESET. The configuration overhead can be further reduced by restricting the resource allocation of the common CORESET. For example, if there is no strong motivation to have non-continuous PRBs and dynamic bandwidth for the common CORESET, then the frequency resource allocation can be indicated by a starting PRB and a centre frequency offset related to the SS block. Thus, less signalling is required. Similar as in LTE, the common CORESET can also contain the UE-specific search space (USS). The CSS and USS can be fully or partially overlapped in frequency and time for better resource utilization.
After the C-RNTI of UE is available, the UE can be configured to monitor additional CORESET(s) by RRC signalling. One additional CORESET can have both CSS and USS or only USS. When the capacity of the CSS in the common CORESET is not enough, additional CSS in additional CORESET is needed. For example, GC-PDCCH is supported in NR. The gNB may transmit more than one GC-PDCCHs at a time to different UE groups. In this case, additional CSS may be required to carry multiple GC-PDCCHs. To save the signalling overhead, the additional CORESETs of different UEs can be overlapped in frequency and time such that only one GC-PDCCH is transmitted in the same physical resources for UEs in the same group. The overlapped resource elements in frequency and time also provides the benefit in mmWave system. The network can configure the favourable CORESETs the overlapped resource elements in frequency and time domains for different UEs which have distinct analog beams. The gNB can schedule the users with the same analog beam in the same slot. The overlapped resource elements can help to increase the resource utilization. One additional CORESET can be configured to have one or more than one USS. Multiple USS are required when cross-carrier scheduling in CA is used.
Proposal #1: A common CORESET has one CSS and one USS.

Proposal #2: An additional CORESET can have both CSS and USS or only USS. N USS can exist in one additional CORESET, where N ≥ 1.
2.2 CORESET properties
As agreed in RAN1#87 meeting, a UE may have one or more than one CORESETs at a time. In our opinion, it is rational to have distinct properties for different CORESETs if the UE is configured to monitor multiple CORESETs. The CORESET properties provide the scheduling flexibility for the gNB to transmit PDCCH in a proper way for divergent services or scenarios in NR. For example, the REG-to-CCE mapping was approved as a property of the CORESET in last meeting. One CORESET has only one type of REG-to-CCE mapping. From the perspective of the gNB, it can configure the REG-to-CCE mapping of the CORESET as interleaving to strive for the larger frequency diversity if the CSI feedback for a UE is not available or unreliable. If the CSI feedback is available, the gNB can configure the REG-to-CCE mapping as non-interleaving to pursue the beamforming gain. The configurable properties allow the gNB to transmit PDCCH in a more robust fashion.  From the viewpoint of UE, the explicit configurations of the CORESET properties also help to reduce the blind decoding complexity. In this case, the UE does not have to do blind decoding for different REG-to-CCE mappings in one CORESET. More properties of CORESET are discussed as follows.
Frequency resource
· Starting PRB and the centre frequency offset related to the SS block can be configured for the common CORESET
· Frequency resource allocation and bandwidth part indication can be configured for the additional CORESET

As discussed in Section 2.1, the signalling overhead of frequency resource for the common CORESET is possible to be reduced by restricting the resources as continuous PRBs in frequency. If further overhead reduction is needed, a fixed bandwidth, e.g., the same bandwidth as which of SS block, can be considered. In this case, the starting PRB and the centre frequency offset related to the SS block can be configured to indicate the frequency resource. 
For the additional CORESET, it can contain either continuous or non-continuous PRBs in frequency domain. The signalling manner as EPDCCH, e.g., combinatorial index, can be considered for the resource configuration of additional CORESET. In addition, the bandwidth part operation should also be considered. The common CORESET can be located in the common bandwidth part, therefore, the bandwidth part indication is not required. However, if more than one bandwidth part can be activated, then the bandwidth part indication may be needed for the additional CORESET.
Time resource
· Starting symbol and time duration

In the RAN1#89 meeting, it was approved a CORESET can be configured with one or a set of contiguous OFDM symbols in time domain. It can indicate the time resource allocation of the CORESET by signalling the starting symbol and time duration.
Periodicity
A CORESET can have its own periodicity to fit distinct purposes or services. For example, the information carried by CSS in the common CORESET may appear periodicity, e.g., paging, or appear within a window of resource, e.g., RAR, so there is no need for common CORESET to exist in every slot. The property of periodicity also provides the flexibility for different services. For instance, the eMBB users can be configured to monitor a slot-level CORESET, while the URLLC users can be configured to monitor a symbol-level CORESET.

Numerology
For the common CORESET, its numerology can be the same as the numerology of SS block, therefore, the signalling overhead can be reduced in MIB. For the additional CORESET, the numerology can be configured to support different types of service.
REG-to-CCE mapping
· Interleaving or non-interleaving
To strive for the larger frequency diversity and reduce the configuration overhead, the REG-to-CCE mapping can be defined as interleaving for the common CORESET. For the additional CORESET, this configuration has the benefit for the gNB to pursue the better PDCCH performance for different channel conditions. If the CSI feedback of UE is not available or unreliable, the interleaving can be applied. Otherwise, the non-interleaving mapping can be used. A specific REG-to-CCE mapping per CORESET can help to restrict the UE complexity. The UE can do blind decoding only based on this explicit signalling.
Search space configurations
· Types of search spaces

· Number of search spaces

· Supported aggregation levels
For the common CORESET, the configurations are not required. One common CORESET has one CSS and one USS. In this CORESET, the aggregation levels (AL) can be predefined as high ALs to provide robust performance for common PDCCH. Since the USS in this CORESET supports interleaving mapping and high ALs, it can be seen as a way to provide robust UE-specific PDCCH. If non-interleaving or low ALs is enough to achieve good performance for UE-specific PDCCH, the gNB can configure an additional CORESET to the UE. 
An additional CORESET can have both CSS and USS or USS only. One or more than one USS can exist in the CORESET simultaneously. So the type and number of existing search space(s) are both required for the UE to know how to do the blind decoding. In addition, as proposed in [2], the AL restriction of search space can provide some benefits. Figure 1 illustrates the concept. The gNB can configure CORESET #1 and CORESET #2 for a UE to support low ALs and high ALs, respectively. The CORESET #2 supporting high ALs has time duration with multiple symbols. And the CORESET #1 supporting low ALs has 1 symbol in time. The CORESET#1 is overlapped with the first symbol of the CORESET#2. With proper REG bundle size arrangements, e.g., CORESET #2 has bundle size 6 and CORESET #1 has bundle size “6/time duration of the CORESET #2”, the REG bundle size of two CORESETs are aligned in frequency domain and the CE results of the CORESET#2 can be reused in the CORESET#1.

Moreover, the AL configuration also provides the benefit to reduce the number of blind decoding. If a UE is in good channel condition and low ALs are enough to provide good performance, then this configuration can support low ALs only or to scaling down the number of blind decoding candidate for high ALs. Thus, the UE can skip some blind decodings according to the indication.
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Figure 1. Illustration of CORESET mapping
REG bundle size

Because the REG bundle size is fixed to be 6 for REG-to-CCE mapping with non-interleaving, the information is not required in this case. Otherwise, the REG bundle size is configured. With this explicit signalling, the UE can know the number of pilots which can be used for interpolation in frequency and time domains during CE process.

DMRS configurations
· DMRS structure
· To indicate the existence of the additional DMRS located on the last symbol of the CORESET
· DMRS initialization
· The DMRS initialization can be predefined to related to the cell ID and this configuration may not be required for the common CORESET
· DMRS port if orthogonal MU is supported
In [3], the evaluation results for different DMRS structures are provided when the time duration of CORESET is more than one OFDM symbols. The results show that front-loaded DMRS, e.g., DMRS is located on the first symbol of the CORESET, is proper to achieve good performance when the UE mobility is slow. With the front-loaded DMRS structure, the DMRS overhead is reduced. Also, the UE processing latency is relaxed because the UE does not need to wait for more symbols to do further CE processing. However, the front-loaded DMRS is not appropriate when the channel varies fast in time. The results show that additional DMRS on the last symbol of the CORESET is required to improve the CE accuracy when the UE mobility is high. Therefore, the CORESET can have DMRS located on the first symbol as the default. When additional DMRS on the last symbol of the CORESET is transmitted, this property (1 bit) can be toggled to indicate the existence of additional DMRS.
According to the discussions, we have following proposals:
Proposal #3: For the common CORESET, at least following parameters are configured.
· Frequency resource

· Time resource

· Periodicity

· REG bundle size
· DMRS configurations
Proposal #4: For the additional CORESET, at least following parameters are configured.
· Frequency resource

· Time resource

· Periodicity

· Numerology

· REG-to-CCE mapping

· Search space configurations

· REG bundle size

· DMRS configurations
3 Conclusions

In this paper, we discuss the CORESET configurations and properties. Based on the discussions, we have following proposals:
Proposal #1: A common CORESET has one CSS and one USS.

Proposal #2: An additional CORESET can have both CSS and USS or only USS. N USS can exist in one additional CORESET, where N ≥ 1.
Proposal #3: For the common CORESET, at least following parameters are configured.
· Frequency resource

· Time resource

· Periodicity

· REG bundle size

· DMRS configurations

Proposal #4: For the additional CORESET, at least following parameters are configured.
· Frequency resource

· Time resource

· Periodicity

· Numerology

· REG-to-CCE mapping

· Search space configurations

· REG bundle size

· DMRS configurations
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