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1 Introduction

Some agreements related to control channel were achieved in RAN1#86bis. In this contribution,  a couple of issues related to NR-CCE were discussed. Based on the discussions, we give our initial views on the search space design for DL control channels.

	NR should support at least the following
· A DL control channel can be mapped on one or more NR-CCEs

· This is at least for the case where the DL control region consists of one or a few OFDM symbol(s) of a slot or a mini-slot

· A NR-CCE includes a positive integer number of PRBs (FFS: exact value)
· FFS: whether a NR-CCE contains contiguous PRBs

· FFS: whether multiple NR-CCEs may share one or more PRBs
· FFS: whether NR-CCE is mapped on frequency-domain only or on both frequency and time-domain.


2 Principle of search space design
For current LTE, the PDCCH/EPDCCH have the following characteristics:

· The minimal PDCCH/EPDCCH control channel unit is CCE/ECCE

· A UE blindly searches for the PDCCH/EPDCCH in a search space

· Both common search space and UE-specific search space are defined in PDCCH, and only UE-specific search space is defined in EPDCCH

· Within the PDCCH/EPDCCH search space, four basic aggregation levels 1, 2, 4, and 8 are defined, and determine the candidate set.

For NR, the first important question to be addressed is whether a concept of search space is still needed. In PDCCH/EPDCCH the concept of aggregation of CCE and blind decoding of PDCCH/EPDCCH candidates were well established. The same principles could also be adopted for DL control channels in NR and this will simplify standardization work and also minimize UE complexity. 

Also, to keep the dedicated control channel structure with minimal complexity and overhead, it is desirable to have a non-deterministic location of DL control channel, and to determine the exact location within a given set of resources. In order to minimize the specification changes, we can consider to keep the four aggregation levels for DL control channel: 1, 2, 4, and 8.
· The exact DL control channels in NR are not known by UEs.

· A DL control channel candidate occupies 1, 2, 4, or 8 NR-CCEs.

Next, more detailed discussions are given about DL control channel search space, mostly on the following two aspects:

· The necessity of search space for NR.

· Search space addressing.

3 Necessity of search space for NR

UE-specific search space was defined in both PDCCH and EPDCCH for some UE-specific control signaling transmissions, e.g., DCIs for UE-specific allocations using the UE’s assigned C-RNTI, SPS C-RNTI, or temporary C-RNTI. For NR UE-specific search space should also be supported 

Common search space was introduced in PDCCH for some UE-common control signaling transmissions. Note that in NR several of the motivations and benefits of common search space in LTE are maintained while others are no longer applicable. This mainly results from the fact that a large possible variability in a typical number of UEs scheduled per transmission slot for operation below 6 GHz and for operation above 6 GHZ. 

On one hand, some UE-common control signaling in a transmission slot can avoid duplication of information in every UE-specific control signaling. Even for operation with analog beamforming, common search space can be beneficial for UEs without scheduled transmissions or with grant-free transmissions. Hence, DL control channel should have the possibility to transmit broadcast information in a common search space such as DCIs having CRC scrambled with SI-RNTI, P-RNTI, and RA-RNTI. 
On the other hand, under some certain circumstances, e.g., above 6 GHz operation with analog beamforming or UE cooperation with UEs grouped as distributed transceivers, only a very small number of UEs needs to be informed per slot. To support of UE-common control signaling in such cases may not be efficient enough. Then, to avoid the overhead expense of multiple UE-specific signaling, it may be preferable to minimize UE-common control signaling and to provide UE-group-specific control signal even when a UE is not scheduled transmission/reception in a corresponding slot. As a result, UE-group-specific search space can also be considered in NR-PDCCH.

Proposal 1: Both UE-specific search space and common search space are supported in NR.
Proposal 2: UE-group-specific search space in NR can be further studied.
4 Search space addressing

A search space implies that a UE does not receive signaling indicating the exact DL control channel location. Consequently, one of the issues needs solving is to locate DL control channel within the search space. It might be too complex and unexpected to have an NR UE monitoring all possible locations but cannot modify the configuration without additional signaling(s). As a consequence, in order to keep complexity reasonable semi-static configuration and/or dynamic configuration of the search space can be used.

Using semi-static signaling, a high-layer signaling informs UEs the location of a basic search space, e.g., common search space. The UEs then configure certain subframes/slots for such basic search space monitoring but cannot modify the configuration without additional high-layer signaling(s). Static configuration with predefined resources for such basic search space can also be considered, resulting in few signaling overheads but less resource flexibility. Dynamic signaling enables more flexibility, however it might not be possible for such basic search space.

Thus, at least one predefined or semi-statically configured control subband, in terms of time/frequency resource is defined in a carrier for common search space so as to facilitate initial access of all UEs. The bandwidth of the control subband should be jointly considered with the capability of all UEs. Since the 5 MHz or 20 MHz is assumed as the maximum bandwidth containing NP-PSS/SSS/PBCH [1], the predefined control subband should also be no larger than 5 MHz or 20 MHz.

A dynamic configuration can be used for an extra search space (e.g., UE-specific search space) monitoring. Note that this does not preclude the possibility of semi-static configuration for the extra search space. For dynamic configuration, the frequency location of an extra search space is indicated by a new DCI format transmitted in the basic search space. The UE first performs blind detection in the basic search space to find the new format and then determines whether there is an additional search space according to the status of that new format. Hence the detection of additional search space relies on detecting the new format in the basic search space. This design is hierarchical, and is detailed discussed in our company contribution [2]. An extended control region can thus be considered for supporting of the indication of each UE-specific search space using UE-specific signaling(s). Furthermore, the configuration of frequency domain resources and time domain resources can be indicated separately or jointly. The configuration scheme can be for further studied.
In summary, possible solutions for DL control channel search space addressing are as follows:

· A UE can be statically/semi-statically/dynamically configured to monitor DL control channel.

· Common search space can be configured either statically or semi-statically. For semi-static configuration, a UE receives by high-layer signaling where and when to monitor the basic search space.
· For dynamic configuration, one possibility is to have a UE first monitors the common search space to determine if and where there is a UE-specific search space to monitor, then proceeds to the UE-specific search space monitoring.

Proposal 3: Common search space is defined within at least one predefined or semi-statically configured control subband in a carrier.
Proposal 4: UE-specific search space is configured either dynamically or semi-statically.

5 Conclusions

Our proposals in this contribution are summarized as follows.

Proposal 1: Both UE-specific search space and common search space are supported in NR.
Proposal 2: UE-group-specific search space in NR can be further studied.
Proposal 3: Common search space is defined within at least one predefined or semi-statically configured control subband in a carrier.
Proposal 4: UE-specific search space is configured either dynamically or semi-statically.
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