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1 Introduction

The following agreements and working assumptions were achieved on control resource set [1][2].
Agreements:
· A control resource set is defined as a set of REGs under a given numerology
· For a CORESET which is configured by UE-specific higher-layer signalling, at least following are configured.

· Frequency-domain resources, which may or may not be contiguous

· Each contiguous part of a CORESET is equal to or more than the size of REG-bundle in frequency

· FFS: exact size and number of contiguous parts for a CORESET

· Starting OFDM symbol

· Time duration

· REG bundle size if the configuration is explicit

· Transmission type (i.e., interleaved or non-interleaved)

· More parameters may be added if agreed

· For a CORESET which is configured by UE-specific higher-layer signalling, at least following is configured.

· Monitoring periodicity

· FFS: it is a configuration per CORESET or per one or a set of PDCCH candidates

· FFS: relation with DRX

· FFS: default/fallback value
Working assumption:
· For a time-duration of a CORESET
· Support 1-3 OFDM symbols as time duration for a CORESET on the NR carrier with less than or equal to X PRBs

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

· FFS: X values
· FFS: Other time duration

· FFS: restriction in the certain conditions

In this contribution, we provide some further considerations on configuration of control resource set.
2 Discussion
2.1 CORESET for initial access
During initial access, one common CORESET with common search space should be available for at least scheduling of RMSI. It was agreed that such common CORESET is configured using NR-PBCH [3]. However, minimization of configuration signaling overhead needs to be considered due to the limited capacity of NR-PBCH. 
It was agreed that the minimum UE receive bandwidth for sub 6 GHz NR bands is 10 MHz [4]. If the minimum carrier bandwidth is not strictly limited, one OFDM symbol is preferred for such common CORESET. To reduce signaling overhead, predefined transmission type (interleaved or non-interleaved) and predefined REG bundle size/pattern can also be adopted. Based on the REG bundle, non-contiguous resource configuration spanning over a bandwidth no larger than minimum UE receive bandwidth is preferred. A resource pattern with REG bundle level is shown in Fig. 1. Scalable design based on the bandwidth of the common CORESET should be supported.
Moreover, for each contiguous part, it should have enough resources for at least one REG bundle. Therefore, a straightforward way will be the value of least common multiple of all sizes of REG bundle in frequency domain. Therefore, 6 or multiple 6 REGs will be preferred for each contiguous part. The number of non-contiguous part will be determined by the candidate of aggregation levels or the number of REG bundles within one CCE. For Option 1, it will be follow the power of 2, e.g. 2, 4, 8, 16, 32, etc.; for Option 2, it will be follow the multiple of 3, e.g. 3, 6, 9, etc., since there exist cases that one CCE consists 3 REG bundles.
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Figure 1 An example of resource of a CORESET for RMSI scheduling
For frequency-domain, it is possible to configure at least a frequency location and a bandwidth from a forward compatibility perspective. For example, several starting (or central) position candidates can be (pre-)configured with “offsets” relative to the boundary/center of an SS block, followed by the information of the chosen starting (or central) position carried by NR-PBCH. Based on the above mentioned non-contiguous resource configuration, to ensure resource orthogonality of CSS from different cells, the “offset(s)” can also be related to e.g., cell ID. Furthermore, the CORESET bandwidth should be configurable but no larger than the minimum UE receive bandwidth. To further reduce the signaling overhead, several possibilities e.g., multiple of 5 MHz in terms of the number of PRBs, are considered.
Potential time-domain locations for multiple SS blocks within a slot were agreed in [2], with each associated with a beam. For time-domain, the location of the CORESET can be associated with the time-domain location of the QCLed SS block. Moreover, for the case of LTE-NR coexistence, the first two OFDM symbols cannot be used for NR-PDCCH so as to avoid interference on LTE CRS. In this case, additional time-domain location for the CORESET is needed to avoid the first two OFDM symbols. NR-PBCH can be used to carry the information on whether LTE and NR are coexisted.
For better supporting mixed numerologies and without involving guard period between different numerologies, the numerology of the common CORESET can be configured by NR-PBCH. Since 15/30 kHz SCS are supported for SS block in sub 6 GHz frequency bands and 120/240 SCS are for above 6 GHz frequency bands, only 1 bit is needed in NR-PBCH.
Unless specifically indicated, UE should assume the same common CORESET is also used for scheduling of RAR. Then the monitor occasion of the common CORESET should be determined by the periodicity of RMSI and the configured RAR window.
Proposal 1: At least one CORESET for common search space is designed as below: 
· Predefined starting position(s) based on SS block location and cell ID
· Further indication of starting position by NR-PBCH can be considered if multiple starting positions are predefined
· Configurable bandwidth
· Configurable starting OFDM symbol
· Predefined time duration
· Predefined REG bundle size/pattern
· Distributed transmission (i.e., interleaved)
· Configurable numerology
Along with common search space(s), the configuration of UE-specific search space(s) for e.g., scheduling of Msg. 3 retransmission and scheduling of Msg. 4 (re)transmission should also be specified during initial access. Several possible alternatives can be considered. The first one is to have the UE only monitoring the common search space(s) for the UE-specific DCI scrambled with e.g., temporary C-RNTI. This is similar to UE procedures related to narrowband IoT. The second one is to configure the resources for UE-specific search space(s) in the common CORESET. For example, the first few CCEs are assumed for common search space(s) and the rest are for UE-specific search space(s). Last but not least, RAR signaling can also be considered to carry the configuration signaling for UE-specific search space(s). At the current stage, we slightly prefer the latter two options.
Proposal 2: At least during initial access, the resources for UE-specific search space(s) can be configured as one of the following options:
· Option 1: Predefined in the common CORESET

· Option 2: Signaled via RAR signaling
2.2 CORESET after initial access
It has been agreed that monitoring periodicity is configured for a CORESET configured by UE-specific higher-layer signaling [2]. However, there remains an FFS that the configuration is per CORESET level or per one or a set of PDCCH candidates. For simplicity, it is proposed that the monitoring periodicity is on a per CORESET basis. For some cases where UE monitors PDCCH candidates associated with different monitoring periodicities, multiple CORESETs can be configured with each consisting of the PDCCH candidates with the same monitoring periodicity. Default monitoring periodicities can be defined in specification in case that gNB does not configure one. Such default value can be set as e.g., every slot for slot-level scheduling, every symbol or every second symbol for mini-slot-level scheduling. To addressing the problem of an ambiguous period, a fallback monitoring periodicity is also needed. One alternative is UE to fallback to the default value, and the other one is UE to fallback to the previous configured value.
Proposal 3: Monitoring periodicity is configured per CORESET.
It has been confirm that an NR-CCE is defined as 6 REGs. Thus, in NR it is straightforward to consider the number of PRBs for a CORESET in the frequency domain equals to 6×K, where K is a positive integer. 
Proposal 4: The number of RBs for a CORESET is 6×K, where K is a positive integer. FFS the value of K.
In order to overcome beam blockage in high frequency, at least for UE-specific control information, beam diversity can be considered for PDCCH reception in NR. Obviously, information on multi-beam operation for NR-PDCCH can be also signaled along with the configuration of a CORESET. Since different beams can result in different channel conditions, e.g., delay spread, or Doppler frequency shift due to different beams from different TRPs or different beam direction even at the same TRP, joint QCL relation between DMRS for PDCCH and CSI-RS for beams can be defined /configured to help corresponding PDCCH candidate decoding. More detailed discussions are provided in our companion contribution [5]. Furthermore, if multiple NR-PDCCHs are transmitted in one CORESET or one search space with candidates splitting [6], UE need to detect and receive them by different DMRS from different TRPs. Considering that different DMRS ports belong to different TRPs with different QCL assumption, it is necessary to configure one or more QCL indication(s) for DMRS ports and the relationship between QCL indication and PDCCH candidates depends on the rule of candidates splitting. 
Proposal 5: QCL relation between DMRS for PDCCH candidate and CSI-RS for specific beam should be signaled along with the configuration of CORESET for UE-specific search space(s).
During last meeting [2], it has been agreed that at least one of configured DL BWPs includes one CORESET with common search space at least in primary component carrier and each configured DL BWP include at least one CORESET with UE-specific search space for the case of single active BWP at a given time. One alternative based on such agreements is to configure BWP according to the UE bandwidth capability containing the common CORESET for initial access. This, however, may cause impact on resource efficiency since UEs always need to retune to the common CORESET. An alternative to solve this problem is to configure additional common search spaces to UEs respectively in one of their configured BWPs. System information and/or dedicated RRC signaling can be considered to transmit the configuration signaling. REG bundle size/pattern, CCE-to-REG mapping (i.e., time-first or frequency-first), transmission type (i.e., interleaved or non-interleaved), and numerology for the common CORESET(s) can be configurable.

Proposal 6: Additional CORESET(s) with common search space(s) can be configured using system information and/or dedicated RRC signaling with configuration on one or more properties as below: 
· RBs for the CORESET in frequency domain
· Starting OFDM symbol

· Time duration
· REG bundle size/pattern

· Transmission type (i.e., interleaved or non-interleaved)
· Numerology
3 Conclusions
Our proposals in this contribution are summarized as follows.
Proposal 1: At least one CORESET for common search space is designed as below: 
· Predefined starting position(s) based on SS block location and cell ID
· Further indication of starting position by NR-PBCH can be considered if multiple starting positions are predefined 
· Configurable bandwidth
· Configurable starting OFDM symbol
· Predefined time duration
· Predefined REG bundle size/pattern
· Distributed transmission (i.e., interleaved)
· Configurable numerology
Proposal 2: At least during initial access, the resources for UE-specific search space(s) can be configured as one of the following options:
· Option 1: Predefined in the common CORESET

· Option 2: Signaled via RAR signaling.
Proposal 3: Monitoring periodicity is configured per CORESET.
Proposal 4: The number of RBs for a CORESET is 6×K, where K is a positive integer. FFS the value of K.
Proposal 5: QCL relation between DMRS for PDCCH candidate and CSI-RS for specific beam should be signaled along with the configuration of CORESET for UE-specific search space(s).
Proposal 6: Additional CORESET(s) with common search space(s) can be configured using system information and/or dedicated RRC signaling with configuration on one or more properties as below: 
· RBs for the CORESET in frequency domain
· Starting OFDM symbol

· Time duration
· REG bundle size/pattern

· Transmission type (i.e., interleaved or non-interleaved)

· Numerology
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