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1. Introduction
In previous RAN1 meetings, followings were agreed;
	<RAN1 NR Ad-Hoc (Jan.)>
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 
<RAN1 #88>
Agreements:
· Multiple control resource sets can be overlapped in frequency and time for a UE
· A search space in NR is associated with a single control resource set
· The search spaces in different control resources are defined independently
· The max number of BD candidates for a UE is defined independently of the number of control resource sets and the number of search spaces 

Agreements:
· Further study the following alternatives:
· Alt 1: For a given control resource set, there is only one CCE to REG mapping scheme
· Alt 2: For a given search space, there is only one CCE to REG mapping scheme


In this contribution, we discuss control resource set-specific characteristics and search space specific characteristics for flexible operations of NR-PDCCH. In addition, the issue about data and control multiplexing is treated in this paper.
2. Discussions 
Multiple control resource sets which have different properties are beneficial for flexible operations. In following sections, we discuss control resource set-specific and search space-specific configuration. Each content of those configuration can be pre-defined or fixed because some discussions related to the contents are ongoing. 
2.1. Control resource set-specific configuration 
RS scrambling parameter
In RAN1#87 meeting, it was agreed that a UE monitors for downlink control information in one or more “control resource set”, and it is smaller than or equal to the carrier bandwidth. In our understanding, multiple control resource sets can be used for changing TRP/cell dynamically, for example, control resource set specific scrambling parameters can be configured for implicit TRP changing.
Transmission/diversity schemes
The transmission scheme for a control resource set can be configured, for example, a UE can assume each control resource set use either 2-ports SFBC or 1-port UE-dedicated beamforming. The blind detection with multiple transmission schemes is beneficial in terms of flexible scheduling and operation. If multiple transmission schemes are supported and each transmission scheme has different characteristics such as resource mapping, RS structure and PRB bundling, it is desirable to separate resource for each transmission scheme. 
Resource mapping
Distributed resource mapping can obtain frequency diversity gain as well as interference diversity gain, while localized resource mapping is suitable for achieving beamforming gain. Therefore, both resource mapping schemes are supported in NR-PDCCH. In addition, in the case of multiple control symbols, both frequency-first and time-first CCE mapping can be supported for increasing channel estimation performance and coding gain. If each resource mapping needs different resource structure, then gNB can configure control resource set-specific resource mapping scheme. A UE can decode candidate blindly considering configured resource mapping scheme in a control resource set. Each resource mapping scheme can be associated with a transmission scheme, e.g., transmit diversity scheme use distributed mapping and UE-dedicated beamforming use localized mapping. 
PRB bundling size
A UE can assume same precoding is applied in a PRB bundle when a PRB bundling is used. So this content is strongly related to transmission scheme and RS type. The PRB bundling size may be equal to the control resource set size if SFBC is specified to a control resource set, while a UE cannot assume large PRB bundling size in a control resource set configured for UE-dedicated beamforming. Therefore, PRB bundling size is associated with transmission scheme, or it can be configured for each control resource set. 
Proposal 1: Followings can be considered as control resource set-specific properties:

· RS scrambling parameter (e.g., virtual cell ID)
· Transmission/diversity scheme 

· Resource mapping (e.g., localized/distributed mapping, time-first/frequency-first mapping)
· PRB bundling size

2.2. Search space-specific configuration
In order to increase the flexibility of NR-PDCCH transmission and reception, a UE should try to detect candidate blindly in multiple control resource sets. For this operation, a whole search space can be divided into several sub-search spaces (subSSs) and each subSS can be allocated to different control resource sets. In addition, each subSS has own properties such as aggregation level(s), number of decoding candidates for each aggregation level and the set of CCEs for each decoding candidate, as agreed in last meeting;
Aggregation level(s)
Each subSS can have own aggregation level(s), for example, a subSS#1 consists of aggregation level 1,2,4 and 8 candidates, while aggregation level 4,8 and 16 candidates compose a subSS#2. In many ways, this is beneficial. For example, minimum coding rate can be guaranteed even if each control resource set has different number of available REs. 
Number of decoding candidates for each aggregation level
Each subSS can have different number of candidates for each aggregation level. For example, more candidates can be allocated to low aggregation level in a subSS for UE-dedicated beamforming, while high aggregation level is prioritized for transmit diversity scheme.
The set of CCEs for each decoding candidate
If both time-first/frequency-first CCE aggregation are supported in NR-PDCCH and separated subSS are configured for each aggregation type, the set of CCEs for each decoding candidate can be differentiated between subSSs.
Proposal 2: The search space for a UE can be divided to multiple subSSs, and each subSS can be located at different control resource set and can have own properties.
2.3. Data and control multiplexing 
In RAN1#87 meeting, it was agreed that NR should support dynamic reuse of at least part of resources in the control resource sets for data for the same or a different UE, at least in the frequency domain. For data rate matching, rate matching approach of EPDCCH can be considered where data is rate matched only on the control which schedules the data. This approach assumes that scheduling of other UEs would not be scheduled in resource allocated to one UE, which could complicate gNB scheduling to multiplex different control channels. Moreover, there are certain resources which are not easy to avoid by scheduling only, for example resources used for common control scheduling and UL grant. In this sense, applying EPDCCH behaviour directly may not be efficient in NR design. In order to solve this problem, we can consider hybrid of PDCCH and EPDCCH rate matching behaviour by configuring “fixed” and “virtual” control resources. Idea is to apply PDCCH rate matching behaviour for fixed control resource and EPDCCH rate matching behaviour for virtual control resource. Figure 1 shows an example of fixed/virtual control region where first OFDM symbol is assumed to be fixed control resource and two other OFDM symbols are assumed as virtual control resources. As shown in the figure, PDSCH would not be mapped on the fixed control resources, while it can use resources on virtual control region except resources which are used by the scheduling PDCCH transmission. In terms of separation between fixed and virtual control resource, different mechanisms can be considered. One approach is to configure different control region with type or can separate resource type within search space by dividing candidates. 

Proposal #3: In NR, for rate matching for multiplexing between data and control, both behavior of PDCCH (rate matching on control region regardless of actual control transmission) and EPDCCH (rate matching on only resources used by the scheduling DCI for the data) are supported.
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Figure 1. Fixed/Virtual control region

3. Conclusion
In this contribution, considerations on control resource set and search space are discussed, and followings are proposed;
Proposal 1: Followings can be considered as control resource set-specific properties:

· RS scrambling parameter (e.g., virtual cell ID)
· Transmission/diversity scheme 

· Resource mapping (e.g., localized/distributed mapping, time-first/frequency-first mapping)

· PRB bundling size
Proposal 2: The search space for a UE can be divided to multiple subSSs, and each subSS can be located at different control resource set and can have own properties.
Proposal #3: In NR, for rate matching for multiplexing between data and control, both behavior of PDCCH (rate matching on control region regardless of actual control transmission) and EPDCCH (rate matching on only resources used by the scheduling DCI for the data) are supported.[image: image2.png]
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