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1. Introduction
Several configuration details of the NR-PDCCH design including search space design have been discussed and agreed at previous RAN1 meetings. Configuration of an initial common control resource set was agreed at RAN1 #88bis as follows:
Agreements:
· NR-PDSCH carrying the remaining minimum system information is scheduled using NR-PDCCH.

· NR-PBCH provides configuration information for the NR-PDCCH scheduling the NR-PDSCH carrying the remaining minimum system information
· FFS if a part of configuration information can be derived by specification

For the CORESET which is configured via UE-specific higher layer signaling, the following agreements were achieved in the last meeting [1]: 
Agreements:
· 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

In this contribution, we discuss other configuration aspects of the NR-PDCCH search space including monitoring aspects.
2. Discussion
2.1 Determination of control resource set
It was agreed that the NR-PBCH provides configuration information for a first control resource set. Since this first control resource set schedules remaining minimum system information it is also a group-common control resource set that is associated with the SS block containing the NR-PBCH. At least the time and frequency resource allocation of the first common CORESET should be signaled by the NR-PBCH. Two schemes could be considered:
· Scheme 1: Both the frequency resource and the time resource are indicated by MIB. For example, the configuration could indicate the frequency domain allocation in terms of PRBs and the starting symbol offset with respect to a timing reference. The timing reference can be a slot boundary or the first symbol of the NR-PBCH. The configuration should also include the duration of this common CORESET.
· Scheme 2: To reduce the signaling overhead in the MIB, some parameters for the CORESET are predefined, e.g. the size of the occupied resources. The gNB only informs the offset between the physical resources occupied by NR-PBCH and the resources occupied by the first common CORESET. Alternatively, NR PBCH could provide the system bandwidth information and absolute frequency position of the CORESET within the system bandwidth. [2]
Beside the explicit scheme, the first CORESET could also be determined through an implicit method that is determined by specification. More details are described in a separate contribution on multi-beam NR-PDCCH operation[3]. 
It was agreed that configuration of additional control resource sets is by dedicated RRC signaling. This implies that an idle mode UE is only aware of this first common CORESET. As such this common CORESET should also be used for monitoring control information during the initial random access procedure. After a successful RA procedure a UE may semi-statically configured with additional CORESETs by dedicated RRC signaling. Note that scheduling of such dedicated RRC signaling would have to be in a common control resource set. Therefore, a common control resource set configured for a UE during initial access should contained both common and UE-specific search spaces. In this case, the mechanism for transmitting UE-specific PDCCH in the common search space in LTE could be reused. UE monitors the expecting UE-specific PDCCH on the basis of the parameters configured for the common CORESET.
Proposal 1: A UE monitors for NR-PDCCH candidates in both a common and a UE-specific search space associated with a first common CORESET configured by the NR-PBCH.
Considering that beam sweeping may be employed, if the first CORESET is transmitted within an SS block there could be significant scheduling delays if the UE only monitors based on the SS burst set cycle. Timely monitoring is desirable before the UE receives additional CORESETs by dedicated RRC signaling. For example, it may be possible to configure an additional CORESET as part of the configuration provided by the remaining system information. Alternatively, the configuration could be provided during the RA process either in RA Msg2 or Msg4. The main advantage is that a UE could monitor for an NR-PDCCH scheduling the first RRC signaling as soon as RA procedure is successful 
Proposal 2: A UE-specific search for monitoring for a NR-PDCCH scheduling dedicated RRC signaling may be associated with a CORESET that is provided by remaining system information or configured during the RA procedure.
It has been agreed that a CORESET is configured with a single CCE-to-REG mapping scheme and a semi-statically configured time duration. Some of the parameters, such as the frequency domain and time domain resource allocation, transmission type, were agreed in the last meeting. Other parameters that need to be semi-statically configured are still open. In our understanding, the following parameters should also be considered at least:
· Search space type should be indicated to the UE as common search space could also be configured in the additional CORESET in order to obtain the flexibility.
· The bundle size should be included if more than one REG bundle size is feasible as discussed in our companion contribution[4].
· Periodicity of monitoring occasions which may be at mini-slot or slot granularity. The gNB could configure several CORESETs within a slot as shown in Figure 1. This flexibility allows scheduling data of different durations within the same slot. Observing the example of 4 configured CORESETs shown in Figure 1, where the CORESETs are all 1 symbol in duration with the same frequency domain allocation, an alternative solution is to configure a single CORESET with multiple monitoring instances within a slot. In this case the monitoring periodicity for the CORESET is at sub-slot granularity. Furthermore, the number of PDCCH candidates monitored in each instance of the CORESET may be different. Viewed a different way, in this second scheme monitoring is per set of PDCCH candidates within a slot. The benefit compared to independent CORESET configurations is some savings in RRC signaling overhead since most of the parameters are common except the time domain location in the slot.
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Figure 1 Configuration of independent CORESETs in a slot.

· One or more QCL configurations indicating the relationship between DMRS antenna ports for a NR-PDCCH transmitted in this CORESET and beam management reference signal configurations, e.g. CSI-RS or SS block RS configurations.
Proposal 3: The RRC configuration of a control resource set also includes 
· Search space type(s)

· REG bundle size
· Periodicity of monitoring occasions slot-level or symbol-level granularity

· One or more QCL configurations associating DMRS antenna ports with beam management RS configurations. 

Another open aspect for CORESET configuration is the frequency resource allocation. As agreed in the last meeting, the frequency-domain resources of one CORESET may be contiguous or non-contiguous. One straightforward way to achieve the above flexible frequency-domain resource allocation is to adopt an RBG-based bitmap similar to what was agreed for NR-PDSCH resource allocation based on LTE DL RA Type 0. This enables flexible multiplexing of PDSCH and PDCCH on the same symbols. 
It was agreed that each contiguous part of a CORESET is equal to or more than the size of a REG bundle in frequency. In our view it should be clarified that each contiguous part should consist of an integer multiple of REG bundles to ensure full utilization of the REGs contained in each contiguous portion of a CORESET. The RBG size can be the same as the bundle size or an integer multiple thereof.
Proposal 4:

· Adopt RBG-based bitmap mechanism for the CORESET frequency domain resource allocation
· The bandwidth of each contiguous part of a CORESET is an integer multiple of an REG bundle 
2.2 CORESET duration
In the RAN1#89 meeting, the following working assumptions were agreed:
Working assumptions:
· 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
One main concern on the switching point of max CORESET duration is whether the resources contained in the CORESET is sufficient for the required control channel capacity. The carrier bandwidth was chosen for the parameter X above since it is assumed that for relatively small bandwidths a CORESET will likely span the entire carrier bandwidth for sufficient PDCCH capacity. 

Note that DL control signaling should support both dedicated and group-common control including the group-common PDCCH carrying slot format information (SFI). If the group common PDCCH is transmitted, it should be mapped at the beginning of a slot, e.g. the first OFDM symbol particularly when it carries SFI for the same slot. Considering the case of small carrier bandwidth of 5MHz, this gives a maximum CORESET capacity of 50 REGs in 2 OFDM symbols. This gives FLOOR (50/6) = 8 CCEs so that only one AL8 candidate can be transmitted (e.g. in a common search space). To ensure a given target reliability at cell edge, common control signaling should be transmitted with a low coding rate or equivalently, a high aggregation level such as AL8. If the CORESET duration is increased to 3 OFDM symbols, the PDCCH capacity now becomes FLOOR (75/6) = 12 CCEs. This would support transmission of the group-common PDCCH carrying SFI with 4 NR-CCEs or one or more NR-PDCCH candidates depending on the AL. For a CORESET spanning a 10 MHz carrier and 2-symbol duration the PDCCH capacity is 16 CCEs which is sufficient to transmit two AL8 candidates or one AL8 candidate and the group common PDCCH. On the basis of the above analysis, CORESET duration of 1 – 3 symbols can be configured for a carrier bandwidth of up 10 MHz and reference numerology of 15 KHz.
Proposal 5: CORESET duration of 1 – 3 symbols can be configured for a carrier bandwidth of up 10 MHz and reference numerology of 15 KHz
3. Conclusion

In this contribution, we discuss the configuration of CORESET and the CORESET duration. The following proposals could be achieved:
· Proposal 1: A UE monitors for NR-PDCCH candidates in both a common and a UE-specific search space associated with a first common CORESET configured by the NR-PBCH.
· Proposal 2: A UE-specific search for monitoring for a NR-PDCCH scheduling dedicated RRC signaling may be associated with a CORESET that is provided by remaining system information or configured during the RA procedure.

· Proposal 3: The RRC configuration of a control resource set includes search space type(s), REG bundle size, periodicity of monitoring occasions with slot-level or symbol-level granularity, and one or more QCL configurations associating DMRS antenna ports with beam management RS configurations.
· Proposal 4:

· Adopt RBG-based bitmap mechanism for the CORESET frequency domain resource allocation
· The bandwidth of each contiguous part of a CORESET is an integer multiple of an REG bundle 
· Proposal 5: CORESET duration of 1 – 3 symbols can be configured for a carrier bandwidth of up 10 MHz and reference numerology of 15 KHz.
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