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Introduction
In RAN1 #87 Meeting [1], there were agreements about supporting both common and UE-specific search spaces. 
Agreements:
· The time/freq. resource containing at least one search space is obtained from MIB/system information/implicitly derived from initial access information
· Time/freq. resource containing additional search spaces, can be configured using dedicated RRC signaling
· Other solution is not precluded

Agreements:
· The reference signals in at least one search space do not depend on the RNTI or UE-identity
· FFS: The reference signals in at least an additional search space do not depend on the RNTI or UE-identity
· FFS: For one UE, there is the case the channel estimate obtained for one RE is reusable across multiple blind decodings involving that RE
· In an additional search space, reference signals can be configured, FFS: explicitly or implicitly

[bookmark: _GoBack]Also, in RAN1 Ad Hoc Meeting [2] there were following agreements regarding search spaces and blind decoding:
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 
Agreements:
· The UE will have the possibility to determine whether some blind decodings can be skipped based on information on a ‘group common PDCCH’ (if present).
· FFS: if the data starting position is signaled on the group common PDCCH, the UE may exploit this information to skip some blind decodings
· FFS: if the end of the control resource set is signaled on the ‘group common PDCCH’, the UE may exploit this information to skip some blind decodings
· FFS: how to handle the case when there is no ‘group common PDCCH’ in a slot
· When monitoring for a PDCCH, the UE should be able to process a detected PDCCH irrespective of whether the ‘group common PDCCH’ is received or not

In this document we discuss some issues related to the UE-specific search space design and the blind detection. Common search space is discussed in another document [2]. 

UE-specific search space  

In LTE and LTE-advanced, blind detection of PDCCH (and EDPCCH) candidates and DCI formats is used. In NR, we will still need different DCI formats and different coding rate or aggregation level for different channel conditions. Other than supporting different payload sizes of DCI and different aggregation levels, there is also need for having multiple NR-PDCCH candidates (with the same size) in a UE-specific search space to avoid UE blocking of the control channel. Therefore, there is a tradeoff between the flexibility of supporting different SNR requirement (by having various aggregation levels) and the ability of gNodeB in avoiding user blocking and collision of UEs assigned control channels on one hand, and the simplicity of the UE-sepecific search space and blind detection on the other hand. 
Proposal 1: In NR we should aim at simplification of blind detection at UE, while supporting the requirements for coverage and reliability.  

Overlapping nominal NR-PDCCH candidates 
It is desirable to simplfy the blind detection of control channel at UE, while providing flexibility of supporting different SNR requirement (by having various aggregation levels) and the ability of gNodeB in avoiding user blocking and collision of UEs assigned control channels. One way to achieve this is to allow some flexibility for control channel choices at the gNodeB that is totally transparent to the UE and does not affect its blind search. In this section, we propose using overlapping nominal NR-PDCCH candidates and selective puncturing at gNodeB as a way for flexible modification of the control channel at the gNodeB, while being transparent to the UE.    
In this method, the NR-CCEs are orthogonal and do not overlap with eachother (similar to the previous designs in LTE and LTE advanced). However, the nominal NR-PDCCH candidates can share one or more CCEs (unlike PDCCH and EDPCCH candidates in LTE and LTE-andanced). At the transmitter, eNodeB/gNodeB can modify the nominal NR-PDCCH candidates and form the actual NR-PDCCH for the UEs by puncturing the overlapped CCEs (i.e. not sending anything on them), as shown in figure 1. Therefore, this can be also seen as a form of flexible way of assigning aggregation level (AL).
In practice, each UE has a set of potential NR-PDCCH candidates which is called its search space and is determined by the Radio Network Temporary Identifier (RNTI) or other mechanisms related to the access of the UE to the networks. Among these sets of candidates for different active UEs, the gNodeB chooses one nominal NR-PDCCH candidate for each UE, such that these choices do not coincide with each other (but can partially overlap in one or more CCEs). Then, the eNodeB/gNodeB punctures the CCEs that are shared among the chosen nominal candidates for different UEs and use the remaining as the actual NR-PDCCH for those UEs. The UEs do not need to know which CCE is shared or puctured and they only need to know how the search spaces are assigned based on RNTI. 
Method of transmission on the multiple CCEs of the same control channel (or NR-PDCCH) can be just repetition (similar to LTE or LTE-advanced) or be based on using erasure coding. It should be noted that if repetition is used, gNodeB can modify the power level such that the puncturing is transparent for the reception at UE. 
Figure 1 shows an example of the proposed method, where the four chosen nominal NR-PDCCH candidates for four UEs respectively include CCEs with indices of {0,4, 8,12}, {5,6,7,8}, {8,9,10,11}, {1,2}. However, the gNodeB punctures the CCE with index 8 which is shared among three nominal NR-PDCCHs. So, the actual NR-PDCCHs assigned to the UEs are {0,4,12}, {5,6,7}, {9,10,11}, {1,2}. However, this change is transparent to the UEs and they do the detection assuming the nominal NR-PDCCH candidates. 
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Figure 1. Example of non-orthogonal nominal NR-PDCCH candidates and selective puncturing at gNodeB


Proposal 2: Flexible aggregation levels from network perspective should be considered in conjunction with RNTI-based search spaces for NR-PDCCH candidates.
Proposal 3: Multiple NR-PDCCH candidates of different UE-specific search spaces may share one CCE.

Summary
This contribution discussed the issue of UE-specific search space design and the need for simplification of blind detection. We proposed using non-orthogonal nominal NR-PDCCH candidates and selective puncturing at gNodeB as way to avoid blocking probability without increasing the size of search space and the complexity of blind detection.
Proposal 1: In NR we should aim at simplification of blind detection at UE, while supporting the requirements for coverage and reliability.  
Proposal 2: Flexible aggregation levels from network perspective should be considered in conjunction with RNTI-based search spaces for NR-PDCCH candidates.
Proposal 3: Multiple NR-PDCCH candidates of different UE-specific search spaces may share one CCE.
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