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1. Introduction

In RAN #71 meeting, study item on new radio access technology (NR) was approved [1]. In this contribution, we discuss and provide our view on overall structure of DL control channel transmission for NR system, with consideration of DL control resource region and DL control search space. 
2. Discussion

2.1. DL control region

DL control region for the NR system can be defined as the resource region conveying multiple DL control channel transmissions, in terms of time/frequency resource and OFDM numerology (e.g. sub-carrier spacing). At least for supporting the initial access procedure, at least one DL control region is required to be predefined and it may have to be non-configurable in terms of time/frequency resource and numerology. For example, if eNB transmits a DL control channel for scheduling of RAR (random access response), UE expects that the DL control channel would be detected in the non-configurable DL control region. For convenience, this type of non-configurable DL control region is simply denoted as “DL control region A”. For this DL control region A, the time/frequency resource and numerology can be predefined, or can be determined based on the synchronous signal transmission or indicated by system information (e.g., BCH) if semi-static configuration is supported for the DL control region A.

On top of the above DL control region A, different type of DL control region which is configurable in terms of time/frequency resource and numerology may require to be supported for NR, with consideration of the forward compatibility requiring reduction of the fixed DL resource reservation and the control reliability by mitigating potential inter-cell interference to the control channel transmission. Configurability on DL control region would be beneficial in the aspects of adjustment for the control resource overhead and interference avoidance for the control channel. For convenience, this type of configurable DL control region is simply denoted as “DL control region B”. Therefore, both non-configurable type of DL control region A and configurable type of DL control region B are to be considered for NR system. Figure 1 depicts DL control region for UE 1 and UE 2 before and after receiving configuration on DL control region B.
· DL control region A

· Non-configurable in terms of time/frequency resource and numerology
· DL control region B

· Configurable in terms of time/frequency resource and numerology
Proposal #1: In NR system, the following two types of DL control region are to be considered.
· DL control region A

· Non-configurable in terms of time/frequency resource and numerology
· DL control region B

· Configurable in terms of time/frequency resource and numerology
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Figure 1. Example of DL control region configuration

2.2. Search space
Search space for monitoring/detection of DL control channel can be defined as the resource group within a given DL control region, in terms of CCE (control channel element) mapping, transmission scheme, and DM-RS scrambling for DL control channel. DCI for broadcast data (e.g., RAR, system information) should be detectable by any UE at least in the initial access stage without any configurability on the transmission parameters used for DL control channel. Therefore, DCI for scheduling of broadcast data can be transmitted via DL control region A. In addition, DCI for particular type of unicast data associated with fall back operation in reconfiguration period for DL control region B can also be transmitted via DL control region A. In our view, a same single search space can be defined for the above DCIs to schedule broadcast data and unicast data associated with fall back operation, and the search space is non-configurable in terms of CCE mapping, TX scheme, and DM-RS scrambling. For example, distributed CCE mapping, SFBC, and physical cell ID based DM-RS scrambling can be used for this non-configurable search space. For convenience, this type of non-configurable search space is simply denoted as “Search space A”.

On the other hand, in normal situation where there is no ambiguity on configuration of the DL control region B, it would be more efficient to transmit DCI for normal unicast data via DL control region B as discussed in the above. Unicast data scheduled by DCI transmitted via DL control region B can be TM (transmission mode) specific, and hence search space for monitoring/detection of the scheduling DCI can also be configurable in terms of CCE mapping, TX scheme, and DM-RS scrambling based on the configured TM. For example, distributed and/or localized CCE mapping, SFBC and/or precoding, and physical cell ID or virtual cell ID based DM-RS scrambling can be used for this configurable search space. For convenience, this type of configurable search space is simply denoted as “Search space B”. Therefore, both non-configurable type of Search space A and configurable type of Search space B are to be considered for efficient DL control transmission in NR system.
Regarding the CCE (and DM-RS) mapping in a given search space, it can be different according to latency requirement (e.g., per use case) and whether multi-beam based operation is applied or not. For example, in case where low latency is required, CCE can be defined per symbol while DM-RS can be in the first symbol only. On the other hand, in case where latency requirement is not critical, one CCE can be mapped over multiple symbols with DM-RS in the first symbol only. In addition, in case when multi-beam operation is applied, both CCE and DM-RS can be defined per symbol for differentiation of serving beam direction in each symbol.

· Search space A

· DCI monitoring for broadcast data and unicast data associated with fall back operation
· Non-configurable in terms of CCE mapping, TX scheme, and DM-RS scrambling

· Search space B
· DCI monitoring for normal unicast data 

· Configurable in terms of CCE mapping, TX scheme, and DM-RS scrambling
Proposal #2: In NR system, the following two types of search space are to be considered.

· 
Search space A

· DCI monitoring for broadcast data and unicast data associated with fall back operation

· Non-configurable in terms of CCE mapping, TX scheme, and DM-RS scrambling

· 
Search space B
· DCI monitoring for normal unicast data

· Configurable in terms of CCE mapping, TX scheme, and DM-RS scrambling

Basically, it can be considered that Search space A is located in DL control region A and Search space B configured within DL control region B. However, additional Search space A located in DL control region B can also be considered to increase capacity of control resource used for the transmission of DCI for broadcast data and DCI for unicast data associated with the fall back operation. By doing so, control channel congestion/blocking within DL control region A can be reduced, and reservation of non-configurable fixed DL resource can also be reduced.
Proposal #3: In DL control design for NR system, the following options need to be studied. 
· Option 1

· Search space A is located in DL control region A

· Search space B is located in DL control region B

· Option 2

· Search space A is located in both DL control region A and B
· Search space B is located in DL control region B
Furthermore, it is required to further consider how UE performs BD (blind detection) with DL control region A and B, and Search space A and B. As a simple solution, it can be assumed that UE may be able to perform BD for all the search spaces in all the DL control regions in every TTI. Considering that transmission of broadcast data or unicast data associated with fall back operation may not be necessary frequently, BD for DL control region A (or search space A) can be relaxed by limiting time resources (e.g., TTI) for BD. To avoid increase in the number of BDs, total number of BDs can be separated between DL control region A and B or between Search space A and B (or for the same type of search space in different DL control region or for different type of search space in the same DL control region) by TDM manner.
3. Conclusion
In this contribution, we discussed overall structure of DL control channel transmission for NR system in terms of DL control region and search space, and the followings are proposed:
Proposal #1: In NR system, the following two types of DL control region are to be considered.

· DL control region A

· Non-configurable in terms of time/frequency resource and numerology

· DL control region B

· Configurable in terms of time/frequency resource and numerology
Proposal #2: In NR system, the following two types of search space are to be considered.

· 
Search space A

· DCI monitoring for broadcast data and unicast data associated with fall back operation

· Non-configurable in terms of CCE mapping, TX scheme, and DM-RS scrambling

· 
Search space B
· DCI monitoring for normal unicast data

· Configurable in terms of CCE mapping, TX scheme, and DM-RS scrambling

Proposal #3: In DL control design for NR system, the following options need to be studied. 

· Option 1

· Search space A is located in DL control region A

· Search space B is located in DL control region B

· Option 2

· Search space A is located in both DL control region A and B
· Search space B is located in DL control region B
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