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1 Introduction
In the RAN1 #87 meeting, some agreements were reached about the DL control channel design [1]:
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
Agreements:

· At least for single-stage DCI design:

· A control resource set (formerly called control subband) is, in the frequency domain, a set of PRBs within which the UE attempts to blindly decode downlink control information

· The PRBs may or may not be frequency contiguous

· A UE may have one or more control resource sets

· Working assumption: One DCI message is located within one control resource set

· In frequency-domain, a PRB is the resource unit size (may or may not including DM-RS) for control channel
Agreements:

· 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

· FFS if resource reuse can be done in time domain as well

· FFS: DL data DM-RS location in time should not vary dynamically as a consequence of dynamic reuse of control resources for data

· FFS: time/frequency granularity of the resource reuse

· FFS: signaling needed, if any

Agreements:

· when the control resource set spans multiple OFDM symbols, NR support a  control channel candidate to be mapped to multiple OFDM symbols or to a single OFDM symbol

· The gNB can inform UE which control channel candidates are mapped to each subset of OFDM symbols in the control resource set. FFS: details of the signaling (implicit or explicit)

In this contribution, we give a further analysis on the PDCCH structure design for NR. The related DCI design and procedure is discussed in our companion contribution [2].
2 Control resource set configuration
The control resource set should be UE-specifically configured, e.g. by RRC signalling. Each UE should have at least one control resource set for common control. Another control resource set is needed for UE -specific control.  Due to different requirements, the 2 types of resource sets will be differently in dimensioned in frequency and time. However, control resource sets from different UEs can be overlap or even being identical.
In the time domain, one control resource set includes one or multiple OFDM symbols, such as {Symbol #0} or {Symbol #0 #1}. The maximum PDCCH duration is determined by the number of symbols in the control resource set. For multiple-beam PDCCH operation, the control resource set can be divided into several subsets of OFDM symbols. Different subsets transmit in different beam directions. If the PDCCH region has 2 OFDM symbols, one subset can correspond to {Symbol #0} and transmits Beam #a, the other subset corresponds to {Symbol #1} and transmits Beam #b. For single-beam PDCCH operation, distinguishing different subsets is not necessary and the control set can use all the OFDM symbols
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Fig 1 The multiple beam operations in PDCCH region
Proposal 1: Control resource set can be configured with symbol duration. The symbol duration can determine the starting symbol of the PDSCH within the PRBs.

Proposal 2: Control resource set can be further divided into subsets of OFDM symbols to support multiple beam operation. A PDCCH candidate can be repeated in multiple subsets corresponding different beams to enhance the robustness of control. Or, different PDCCH candidates can be distributed in different subsets to allow dynamic beam selection.

In the frequency domain, one control resource set will contain several continuous or distributed PRBs. The distribution of the CCE resources will be discussed in the following section about resource mapping.
3 PDCCH resource mapping
CCE design

NR PDCCH should introduce the CCE to construct PDCCH candidate. To ensure a constant resource unit, we prefer a fixed CCE resource size defined by the number of PRBs per OFDM symbol.  The CCE could be constructed by 4~6 PRBs within one OFDM symbol.
As practice in ePDCCH, localized mapping can bring a significant performance gain under condition that it uses up-to-date and reliable channel quality information. However, distributed mapping will utilize frequency diversity for the case of unreliable channel quality indication. Localized mapping and Distributed mapping should both be supported. 
For the localized mapping method, one CCE is mapped to a number of consecutive PRBs, as shown in Fig.2. The relative position between CCEs can be determined by the search space mapping rules.
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Fig 2 Localized CCE for NR-PDCCH
For the distributed mapping method, there can be two options: 

Option 1: PRB-level, one CCE is mapped to discrete N PRBs. In each PRB, all sub-carriers belong to one CCE. As shown in Fig.3, N discrete PRB distribute in the whole control resource set in frequency domain.
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Fig 3 Distributed CCE in PRB level
Option 2: Sub-carrier level, one CCE is mapped M PRBs. For each PRB, all sub-carriers are divided into several groups. Sub-carriers in each group are numbered in #0, #1 … #X-1. The sub-carriers numbered with the same index x assigned to the same CCE, as shown in Fig.4.
Compared to Option1, Option 2 maybe has a better frequency diversity gain at the expense of complexity. Further study is needed to justify the performance difference. The distributed mapping for CCE may be used to transmit control where higher robustness is required. Its application on the Common control channel could be one use case.
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Fig 4 Distributed CCE in sub-carrier level
Proposal 3: Both localized mapping and distributed mapping should be supported. Localized CCE is mapped to consecutive PRBs. The level of distributed mapping should be further evaluated based on the detailed study of the need for control channel robustness. 
PDCCH Candidate

Considering the link adaptation of the control channel, different numbers of aggregation levels should be supported, {1, 2, 4, 8, and 16} should be considered for NR to realize a large range for adaptation possibilities. A PDCCH candidate should be constructed by the CCEs within one control resource set corresponding to a certain beam. Multiple control resource sets should be used to support multiple beam directions. To simplify the design, the control resource set could therefore be further divided into several subsets.
 Search Space
Common DCI will have candidates in the common search space. That search space could be mapped onto a distributed control resource set. A localized control resource set may be applied for UE-specific DCI. It should be restricted within the symbols for one beam direction.

Sharing channel estimation among candidates of different aggregation levels will reduce the UE complexity. One example could be a nested structure between candidates, assuming we adopt aggregation levels 2^n times to each other. This scheme may also restrict the search spaces mapping. As one general design rule, the search space should not be always nesting candidates, considering that the number of blind detections can differ significantly. It should be sufficient to allow channel estimation sharing in case there is overlapping between different candidates of the same UE. The search spaces for different aggregation level should not be randomized with starting position to maximize the channel estimation sharing.  
Proposal 4: Common DCI candidates are transmitted in common search space. Channel estimation among candidates of different aggregation level is allowed.

4 Multiplexing with PDSCH
The unused CCEs of the control resource set should be reused by the PDSCH. However, an efficient dynamic utilization should be considered. Indication to UEs can be done by blind detection to figure out the PDCCH resources reused for PDSCH. DCI indication of frequency resources of PDSCH can help UE to determine resources. Another way could be multiplexing predefined PDCCH resource for PDSCH transmission. The resource unit could be CCE.
The PDSCH starting OFDM symbol should not float with reused PDCCH resources. It should be related to the slot configuration and PDCCH duration.

Proposal 5: PDSCH starting OFDM symbol should be bond to the slot configuration and PDCCH duration configuration.

5 Conclusion

In this contribution, some considerations on DL control channel design for NR are discussed. According to the discussion, the following proposals are given:

Proposal 1: Control resource set can be configured with symbol duration. The symbol duration can determine the starting symbol of the PDSCH within the PRBs.

Proposal 2: Control resource set can be further divided into subsets of OFDM symbols to support multiple beam operation. A PDCCH candidate can be repeated in multiple subsets corresponding different beams to enhance the robustness of control. Or, different PDCCH candidates can be distributed in different subsets to allow dynamic beam selection.

Proposal 3: Both localized mapping and distributed mapping should be supported. Localized CCE is mapped to consecutive PRBs. Level of distributed mapping should be further evaluated based on the detailed evaluation on the need of robustness in control channel. 
Proposal 4: Common DCI candidates are transmitted in common search space. Channel estimation among candidates of different aggregation level is allowed.

Proposal 5: PDSCH starting OFDM symbol should be bond to the slot configuration and PDCCH duration configuration.
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