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Introduction  
About search space and blind decoding, in previous meeting, there are agreements reached as follows:
	<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
· [bookmark: OLE_LINK16][bookmark: OLE_LINK17]A search space in NR is associated with a single control resource set
· The search spaces in different control resources are defined independently
· [bookmark: OLE_LINK19][bookmark: OLE_LINK18]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 blind decodes splitting for PDCCH candidates in frequency and time domain. When configured multiple control resource sets, candidates splitting is necessary to not exceed maximum number of candidates. This maximum number is independent to the number of control resource sets and the number of search spaces.
Discussion
Control resource set and search space
According to RAN1 88 meeting agreements, a search space in NR is associated with a single control resource set. It precludes the possibility that a search space is distributed over multiple control resource sets. For one control resource set, it may have one search space or contain multiple search spaces. How to configure search space(s) into one control resource set should be carefully considered. 
We believe that allowing one control resource set including one or multiple search spaces have several use cases. At least, a CSS must be supported in the control resource set during initial access procedures. This set should be configured by MIB/SS or implicitly, considering all cell UE’s bandwidth capability and supported numerology. The configuration for this control resource set should meet the minimum requirements. 
After initial access performed, CSS will be continuously used. And the USS can be multiplexed within the same control resource set, which is beneficial to avoid monitoring multiple control resource sets. It will facilitate flexible resource reuse between CSS and USS. As already clarified, that control resource set does not means a search space and CCEs may not fully used by CSS. In addition, it should not be precluded CSS and USS can be carried in different control resource sets for a UE. Then, CSS and USS can be independently configured in resource mapping rule, RS structure, Transmission schemes, REG Bundle size, etc. as required. 
When configuring the control resource set for the UE, gNB should also explicitly or implicitly indicates that which type of search spaces (CSS and/or USS) maybe included in the control resource set. It will help UE to perform blind detection.
[bookmark: _GoBack]Proposal1: A control resource set can include one or multiple search spaces. CSS and USS can be configured in the same or different control resource sets.
Blind decoding 
Note that the total number of blind decoding candidates for LTE PDCCH is 44, including CSS and USS. Both are carried in the wideband PDCCH Region. For NR PDCCH, the situation will be more complicated. A UE may be configured with one or multiple control resource sets in the same carrier. For the multiple sets, the blind decoding candidates for the UE should be split between the configured control resource sets.  The splitting principles should be considered.
We consider splitting in frequency and time domain separately. 
As shown in the left of Fig.1, all search spaces are carried in control resource set1. Control resource set1 contains the total number of blind decoding candidates N. As shown in the right of Fig.1, both control resource set1 and set2 have search space distributed. The total N candidates should be split into N1 and N2, there are several detailed splitting principles as follows:    



Fig.1 Blind decoding Candidates splitting in frequency domain
· Splitting based on different search space types
· Splitting based on different aggregation levels
· Splitting based on number of control resource sets
For Splitting based on different search space types:
For CSS and USS designs, the principles are different. CSS is for common or group UEs, which needs to ensure transmission reliability and user coverage. USS only takes care of certain UE. Configurations such as resource mapping rule, interlace rule, and REG bundle size should be considered respectively. Blind decoding candidates can be split for the two types of search space. It would be reasonable to split a fixed number of blind decodes for the 1st CSS. 
For Splitting based on different aggregation levels:
If multiple control resource sets configured for one UE, different control resource sets can correspond to different aggregate level sets. For control resource set1, it support lower aggregation levels {AL=1, AL=2}. For control resource set2, it support higher aggregation levels {AL=4, AL=8}. Because of the aggregation levels splitting between control resource sets, parameters related with aggregation level can be configured adaptive for each control resource set. For control resource set with lower aggregation level, interleaving and REG Bundle size can be different to those for higher aggregation level. By splitting aggregation levels into different control resource sets, each set can be configured with the optimal interleaving and REG Bundle size.
For Splitting based on number of control resource sets:
The splitting can be according to configured control resource set number, average on each aggregation level candidates. If the total blind decoding candidates are {AL=1 x 6, AL=2 x 6, AL=4 x 2, AL=8 x 2} for one UE,  each set’s of configured two control resource sets candidate numbers are{AL=1 x 3, AL=2 x 3, AL=4 x 1, AL=8 x1}.  
All of these splitting principles can be used together. For CSS, in order to obtain better frequency diversity gain, distributed mapping is suitable. Considering transmission reliability, higher aggregation levels are suitable so as to acquire lower code rate. For control resource set containing CSS, candidates from aggregation levels {AL=4, AL=8} are suitable. For USS, if configured localized mapping method, it means gNB can achieve accurate CSI to support more flexible frequency-selective scheduling. Lower aggregation level candidates are also included, such as aggregation levels {AL=1, AL=2}, in addition to {AL=4, AL=8}. 
On the other hand, considering in time domain, the total number of blind decoding candidates should be fixed during one slot duration. As shown in Fig.2, different control resource sets correspond to different OFDM symbols. Control resource set1 and set2 should be monitored at the beginning of a slot, and control resource set3 should be monitored at several OFDM symbols during the whole slot. More specifically, control resource set1 and set2 may carry slot level PDCCH. And control resource set3 may carries mini-slot level PDCCH. Thus, the total number N can be split into N1, N2 and N3. Each Nx (x=1/2/3) can configure aggregation levels independently. For example of N1 and N2, aggregation levels {AL=1, AL=2, AL=4, AL=8} are all supported. For N3, higher aggregation levels {AL=4, AL=8} are supported.


Fig.2 Blind decoding Candidates splitting in frequency domain
Proposal2: Blind decoding candidates splitting should be considered in both frequency domain and time domain. In frequency domain splitting can be for different control resource sets. In timing domain, it can be among different symbols.
Conclusion
In this contribution, we discussed blind decoding candidates splitting in NR and provided our views: 
Proposal1: A control resource set can include one or multiple search spaces. CSS and USS can be configured in the same or different control resource sets.
Proposal2: Blind decoding candidates splitting should be considered in both frequency domain and time domain. In frequency domain splitting can be for different control resource sets. In timing domain, it can be among different symbols.
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