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Introduction
In the last RAN1 NR ad-hoc meeting, there were some clarifications on control resource set and search space for DL control channel as the following [1]:
	Agreements:
· 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: if the control resource sets can overlap or not
· FFS: whether the mapping between control resource set and control search space is one-to-one or one-to-many



In this contribution, we discuss several remaining issues focusing on the size of the control resource set, multiple search spaces within a control resource set, and how to define a set of REGs available for each search space design.
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Discussion
[Control resource set]
It was clarified in the last meeting that a control resource set is a set of REGs under a given numerology. To be more specific, a control resource set can consist of N contiguous symbols in time and K contiguous or noncontiguous REGs per each symbol (N, K: positive integer). Based on this composition, total N*K REGs consist of a control resource set. One important question is whether K can be an arbitrary positive integer or some restriction is imposed to K to form more structured CCEs. Examples of the latter include K=M*L where M is the number of CCEs per symbol and L is the number of REGs per CCE, or K=2n for simpler CCE aggregation. Satisfying these conditions may simplify the overall DL control channel design, e.g., CCE-REG mapping, CCE aggregation, DMRS location, etc., however, at the same time they may limit the flexibility in choosing the control resource set bandwidth. Moreover, scalable numerology should be considered in the control resource set, under which it is difficult to guarantee the structured CCEs for every allowed numerology. In these reasons, we see that arbitrary numbers of K (not too small) should be taken into consideration in the design of DL control channel.
Observation 1: Any possibility for the number of REGs (not too small) along the frequency domain should be taken into account in the design of control resource set and search space(s) therein.

[Number of search spaces within a control resource set]
Under the assumption that both common and UE-specific search spaces are introduced in NR, the two search spaces should be allowed to constitute one control resource set. Allowing UE to monitor both common and UE-specific DCIs within a single control resource set may not only reduce the number of total control resource sets in a carrier but also improve the resource utilization efficiency by letting the two search spaces share some part of control resources. In addition, for carriers with narrow system bandwidth, e.g., 5MHz, only one control resource set may be allowed, in which case the coexistence of the two search spaces in a single control resource set seems inevitable.
Proposal 1: Both one-to-one and one-to-many mappings between control resource set and control search space are supported.

[REG pool for search space]
To construct a NR-PDCCH search space, a set of REGs which can be utilized to the construction of search space should be defined first. When there is a single search space in a control resource set, the control resource set can be regarded as a REG pool. However, if there are multiple search spaces, multiple REG pools should be available in a control resource set. One simple approach is to allocate a subset of control symbols as each REG pool.
This is illustrated in Fig. 1 where the first two symbols are allocated as a REG pool for the common search space and the last two, three, and four symbols are used as a REG pool for the UE-specific search space in Fig. 1(a), (b), and (c), respectively. In each REG pool, a subset of REGs can be chosen to compose a search space by a predefined rule or by configuration. The details of this step is discussed in our companion contribution [2]. In this example, the REG pool for the common search space is front-loaded, which is beneficial when the time-critical common DCIs, e.g., slot structure, are delivered via the common search space.
Proposal 2: REG pool is defined as a set of candidate REGs to form a search space, which consists of contiguous symbol(s) in a control resource set.
Proposal 3: REG pool for common search space is front-loaded within a control resource set.



[bookmark: _Ref474191119]Fig. 1 Two REG pools within a control resource set
Fig. 1(a) shows the case where the two REG pools are complementary to each other. The separation of REG pools may simplify the CCE-REG mapping rule since it is free from collision between PDCCH candidates from different REG pools. On the contrary, Fig. 1(b) and (c) illustrate the case where some symbols are shared by the two search spaces. Some benefits can be achieved by this overlap manner, i.e., it can broaden each search space under a given control resource set and increase the resource efficiency. The larger search space provide larger degree of design freedom and may offer a chance to have smaller blocking probability.
Observation 2: When multiple search spaces coexist in the same control resource set, overlapped manner among multiple REG pools may provide larger degree of freedom in the search space design and increased resource efficiency.

Conclusion
In this contribution, we discussed several issues on the design of control resource set and search space for DL control channel. Our observations and proposals include:
Observation 1: Any possibility for the number of REGs (not too small) along the frequency domain should be taken into account in the design of control resource set and search space(s) therein.
Proposal 1: Both one-to-one and one-to-many mappings between control resource set and control search space are supported.
Proposal 2: REG pool is defined as a set of candidate REGs to form a search space, which consists of contiguous symbol(s) in a control resource set.
Proposal 3: REG pool for common search space is front-loaded within a control resource set.
Observation 2: When multiple search spaces coexist in the same control resource set, overlapped manner among multiple REG pools may provide larger degree of freedom in the search space design and increased resource efficiency.
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