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1 Introduction

The following agreements were achieved in previous meetings on control resource set. In RAN1 Jan. Ad Hoc meeting,
· 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

· FFS: whether the mapping between control resource set and control search space is one-to-one or one-to-many.

In RAN1 #88 meeting, 
· Multiple control resource sets can be overlapped in frequency and time for a UE
In this contribution, we provide some further considerations on control resource set configuration and the related search space design.
2 Discussions

2.1 CORESET for common search space(s)

During initial access, one common control resource set (CORESET) for common search space(s) should be available for scheduling of e.g., SIBx and paging. Generally speaking, the gNB should have the capability to configure the resources of the common CORESET. This is beneficial from a forward compatibility perspective. Note that a UE is not able to receive any configuration information carried by the channels other than NR-PBCH which is with limited capacity. Therefore, resources of the common CORESET need to be explicitly indicated with minimal signaling overhead. It is possible to configure at least a starting position with a fixed bandwidth for indicating the resources of the common CORESET. For example, multiple starting position candidates can be predefined with “offsets” relative to the center of the SS block, and NR-PBCH carries the information of the chosen candidate. Additionally, if a fixed number of CCEs are defined for common search space, e.g., 16 CCEs as in LTE, the number of OFDM symbols used for the common CORESET can also be predefined.
To further simplify UE complexity and reduce signaling overhead, the common CORESET can be associated with a predefined numerology and a predefined CCE-to-REG mapping (distributed or localized, and time or frequency-first). For instance, the common CORESET and the SS block are with the same numerology [1]. Here, we slightly prefer frequency-first distributed CCE-to-REG mapping with fixed REG bundle pattern should be applied from a fast decoding perspective.

Proposal 1: At least one CORESET for common search space is designed as below: 
· The RB(s) of the CORESET is derived from the combination indication of the SS block location and NR-PBCH.

· Predefined numerology
· Predefined REG bundle pattern
In LTE, a UE is able to simultaneously monitor both common search space and UE-specific search space since both common search space and UE-specific search space are predefined or configured within the carrier bandwidth. However, in NR there exist UEs not capable of supporting the whole carrier bandwidth. A UE is only aware of one common CORESET for initial access after it connects to the network. As a result, some UEs may be not able to simultaneously monitor both common search space and UE-specific search space(s) if such common CORESET and the configured CORESET for UE-specific search space span over a bandwidth larger than the maximum UE bandwidth capability. According to [2], the retuning time for RF bandwidth adaptation should be 100µs~200µs to adjust the centre frequency in the same band. Therefore, one or several OFDM symbols may be needed to change the RF bandwidth, depending on which numerology is being used. Having the UEs monitor TDMed common search space(s) and UE-specific search space(s) will result in lots of retuning times and thus cause performance loss. One counter argument may be to allocate UE-specific search space according to both the frequency location of the common CORESET and the UE bandwidth capability. This, however, may cause impact on resource flexibility and thus result in traffic congestion around the common CORESET and high blocking probability. Therefore, time/frequency domain resources for additional common CORESET(s) can be configured to UEs using SIBx and/or dedicated RRC signaling. Moreover, the numerology, the REG bundle pattern [3], and transmission type (i.e., distributed or localized transmission) for these CORESETs can be either predefined or configurable.
Proposal 2: Additional CORESET(s) for common search space(s) can be configured using SIBx and/or dedicated RRC signaling with configuration on one or more properties as below: 
· RBs for the CORESET in frequency domain,
· Number of symbols in time domain,
· REG bundle pattern
· Transmission type (i.e., distributed or localized transmission).
2.2 CORESET for UE-specific search space(s)

Although it is likely that NR supports UE-specific search space configuration via RRC signaling, other configuration schemes should also be specified for some UE-specific DCI(s), e.g. the DCI scheduling Msg. 4 during initial access. One possible scheme is to have the UE 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. Another alternative is to have the resources for UE-specific DCI(s) derived implicitly from the frequency location of a CORESET. However, these two methods may cause some restrictions on resource flexibility. Thus, we slightly prefer to consider other control signalings such as RAR to indicate the resources for UE-specific DCI(s) during initial access [4].

Proposal 3: The resources for UE-specific DCI(s) scheduling Msg. 4 can be signaled via RAR signaling during initial access.
For a CORESET for UE-specific search space(s), at least some or all of the following properties should be indicated with the configuration of the CORESET, e.g., RBs for the CORESET in frequency domain, the number of symbol(s) for the CORESET in time domain, REG bundle pattern, CCE-to-REG mapping and DMRS initialization. DMRS port may also be needed if MU-MIMO with orthogonal DMRS is supported. Besides, to achieve robustness NR-PDCCH transmission, beam related information should be configured explicitly or implicitly [5]. For UE-specific PDCCH, one alternative is to inform the QCL relationship between the DMRS ports used in NR-PDCCH with a CSI-RS port. Considering the blind detection complexity, at least from a UE perspective each CORESET is associated with a specific CCE-to-REG mapping and a specific REG bundle structure. These parameters of the CORESET for UE-specific search space(s) can be configured semi-statically. Other parameters including DMRS initialization, DMRS port and/or beam related information can be associated with search spaces within a CORESET [6].
Proposal 4: One or more CORESET(s) for UE-specific search space can be configured by higher layer with configuration on one or more properties as below: 
· RBs for the CORESET in frequency domain,
· Number of symbols in time domain,
· REG bundle pattern,
· Transmission type (i.e., distributed or localized transmission).
The configuration of the frequency-domain resource of the CORESET should be considered along with the configuration of bandwidth part. Moreover, the bandwidth of the CORESET is restricted by the maximum bandwidth capability supported by the UE. One possible way is that the frequency-domain resources can be signaled explicitly or implicitly within the configured bandwidth part. Detailed discussion can be found in our companion’s contribution [7]. For explicit indication, the configuration can reuse the resource allocation scheme for PDSCH and/or for EPDCCH. DL resource allocation types 0/1/2 in LTE is used for PDSCH assignment. RB/RBG bitmap, e.g., type 0/1 enables frequency non-consecutive resource allocation. Starting RB position and the length of RBs, e.g., type 2 (i.e., RIV) enables frequency consecutive resource allocation. Note that the three different types represent a trade-off between minimizing signaling load and maximizing flexibility. For EPDCCH, both the size of resource set and combinatorial index are indicated by higher layer signaling, in which the combinatorial index corresponds to the PRB index. This scheme can provide higher flexibility with relatively smaller signaling overhead. 

As a consequence, it is sufficient to configure the CORESET for UE-specific search space(s) with greater flexibility but low signaling load. Besides, a single way to configure the CORESET eases specification, implementation and testing. If CORESET only consists of frequency contiguous PRBs, RIV based resource allocation can be considered. Otherwise, a combinatorial index can be preferable.

Proposal 5: The RBs for a CORESET can be indicated by combinatorial index as that for EPDCCH in LTE.

2.3 Support of transmission/reception beam pair link
As discussed in our two companion contributions [6] and [8], 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. The same control information can be transmitted with different beam pair links (BPL) which consider both transmission and reception beams. Moreover, these multiple BPLs based reception can be operated within same or different CORESET(s) as shown in Figure1. For example, it’s reasonable and straightforward to monitor one CORESET with one specific BPL once each CORESET is associated with one BPL. However, one BPL should be associated with one sub time unit (e.g. OFDM symbol) which is smaller than the one time unit length defined for the CORESET once one CORESET is associated with multiple BPLs. 
Proposal 6: One CORESET can be associated with M ≥ 1 BPL(s).

· Each BPL can be associated with one sub time unit if M > 1.
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Figure 1 Association between multiple BPL(s) and one or multiple CORESET(s)
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: 
· The RB(s) of the CORESET is derived from the combination indication of the SS block location and NR-PBCH,
· Predefined numerology.
· Predefined REG bundle pattern.
Proposal 2: Additional CORESET(s) for common search space(s) can be configured using SIBx and/or dedicated RRC signaling with configuration on one or more properties as below: 
· RBs for the CORESET in frequency domain,
· Number of symbols in time domain,
· REG bundle pattern
· Transmission type (i.e., distributed or localized transmission).
Proposal 3: The resources for UE-specific DCI(s) scheduling Msg. 4 can be signaled via RAR signaling during initial access.
Proposal 4: One or more CORESET(s) for UE-specific search space can be configured by higher layer with configuration on one or more properties as below: 
· RBs for the CORESET in frequency domain,
· Number of symbols in time domain,
· REG bundle pattern,
· Transmission type (i.e., distributed or localized transmission).
Proposal 5: The RBs for a CORESET can be indicated by combinatorial index as that for EPDCCH in LTE.
Proposal 6: One CORESET can be associated with M ≥ 1 BPL(s).
· Each BPL can be associated with one sub time unit if M > 1.
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