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Introduction
In RAN1 Ad Hoc Meeting [1], there were agreements about the structure of NR-PDCCH:
 
Agreements:
· NR supports at least following functionalities
· At least for eMBB, in one OFDM symbol, multiple CCEs cannot be transmitted on the same PRB except for spatial multiplexing to different UEs (MU-MIMO)
· A PDCCH candidate consists of a set of CCEs. A CCE consists of a set of REGs. A REG is one RB during one OFDM symbol.
· For one UE, the channel estimate obtained for one RE should be reusable across multiple blind decodings involving that RE in at least the same control resource set and type of search space (common or UE-specific).
· At least for DL data scheduled for a slot, the DL data DMRS location in time is not dynamically varying relative to the start of slot
Agreements:
· Each candidate of NR DL Control channel search space is composed by K NR-CCE(s)
· A NR-CCE is defined in fixed number of REGs
· FFS: Different REGs can be in the same or different symbols depending on REG to NR-CCE mapping
· FFS: NR-CCE includes the REs assumed for UE-specific DMRS to demodulate that NR-CCE
· FFS: REG to NR-CCE mapping within a control resource set is frequency first, time first or gNB configurable
· FFS: Down selection of REG to NR-CCE mapping
· E.g. K can be 1, 2, 4, or 8, etc
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 
Also, there were agreements about the common control channel that were also related to the control resource set and UE-specific PDCCH:
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

 Agreements:
· ‘Slot format related information’
· Information from which the UE can derive at least which symbols in a slot that are ‘DL’, ‘UL’ (for Rel-15), and ‘other’, respectively
· FFS: if ‘other’ can be subdivided into ‘blank’, ‘sidelink’, etc
· FFS: ‘Control resource set duration’
· FFS: Indicates the duration of the control resource set(s) 
· FFS: Can help the UE skip some of the semi-statically configured blind decodings. If not received, the UE performs all blind decodings.

In this document we discuss the overall structure and some issues related to the design of NR-PDCCH. 

Structure of NR-PDCCH canidates  
Any UE may be associated with a set of one or more NR-PDCCH candidates.  A set of NR-PDCCH candidates assigned to a UE is called its search space, in which the UE performs the blind detection to find its actual PDCCH and decode the downlink control information (DCI).  The search space corresponding to a UE is determined by Radio Network Temporary Identifier (RNTI) or other mechanisms that are designed to identify it inside a cell or differentiate it from other UEs.  
Each PDCCH candidate consists of one or more Control Channel Elements (CCEs) and each CCE consists of a number of Resource Element Groups (REGs). 
2.1 NR-REGs and their mapping to resource elements
Each NR-REG is a set of resource elements (REs). For example, an REG can be the set of corresponding OFDM symbols on the frequency tones of a resource block (RB), e.g. the set of all first OFDM symbols of an RB or the set of all second symbols (as shown in figure Figure 1). 
 
[image: ]
[bookmark: _Ref473545650]Figure 1. mapping of REGs to OFDM symbols of an RB.
One REG may or may not include reference signal (RS) or demodulation reference signal (DMRS). In the case that an REG does not include resources for DMRS and only contains control information, DMRS in other REGs of the PDCCH may be used as reference signal or demodulation reference signal. An example of the two cases of DMRS locations inside REGs is shown in Figure 2. Also, the position DMRS inside corresponding REGs might be the same or different among different REG. One example is when the DMRS location is also depending on the OFDM symbol corresponding to the REG (as the left side example in Figure 2). In the case that transmission of PDCCH uses multiple antenna ports, DMRS corresponding to a UE are divided to subsets that each correspond to an antenna port of gNodeB. For example, if two antenna ports are used at gNodeB for PDCCH transmission, the resource elements reserved for DMRS in (as for example Figure 2) will be divided to two subsets and every other DMRS resource element will be included in one of the two subsets corresponding to the two antenna ports.
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[bookmark: _Ref473633771]Figure 2. An example of the two cases of DMRS locations inside REGs: DMRS in all REGs or only inside some of them

Proposal 1: In NR, location of DMRS inside REGs should be defined for each case of single-port and dual-port transmission.  

2.2 Mapping of NR-CCEs to REGs
Each CCE consists of a number of REGs. As an example, all CCEs can have a fixed number of REGs (e.g. 4), as shown in Figure 3.  The REGs of a CCE can be locally allocated (i.e. be adjacent in time or frequency), or be distributed. REGs of a CCE can be on the same OFDM symbol or on different OFDM symbols. One example is shown in Figure 3, where REGs of CCE1 are all on the first ofdm symbol of the time slot and REGs of CCE2 are all on the second OFDM symbol.

 


[bookmark: _Ref473547828]Figure 3. Example of mapping CCEs to REGs

2.3	Mapping of NR-PDCCH candidates to CCEs (aggregation)
Each PDCCH candidate consists of one or more CCEs. The number of CCEs in a PDCCH candidate can be a number among a set of positive integer numbers (for example {1, 2, 4, 8, 16}). This number is called aggregation level. PDCCH candidates of a search space (corresponding to a UE) can have different or similar aggregation levels. The choice of PDCCH (among the candidates inside the search space) is done by gNodeB and is based on the required SNR of UE and also avoiding coincidence with the chosen PDCCH of other UEs. 
The PDCCH candidates corresponding to a specific UE can have a hierarchical or semi-hierarchical structure, such that PDCCH candidate with larger aggregation level include all or some of CCEs corresponding to the PDCCH candidates of smaller aggregation level (as shown in Figure 4).

[image: ]
[bookmark: _Ref473626560]
[bookmark: _Ref473646604]Figure 4. Hierarchical structure for PDCCH candidates with different aggregation levels, corresponding to a specific UE.

One method for mapping PDCCH candidates to CCEs and REGs is to only include REGs on the same OFDM symbol in a PDCCH candidate. In this case, if the UE receives information about the OFDM symbol corresponding to its PDCCH, it can reduce its effective search space, hence, reduce the complexity of blind detection of the PDCCH. This information can be communication using common physical control channel (common PDCCH) or other mechanisms.

2.4	Indication of end of control region (in time)
The number of OFDM symbols that are used in the control region (which covers the search space of a set of UEs, and is also called control resource set) can be variable, e.g 2, 3 or other positive integers. The end of control region in time (i.e. the number of OFDM symbols of the control region) can be set semi-statically by mechanisms such as  Radio Resource Control (RRC), or configured dynamically and signaled to the UEs by common PDCCH.
In general, the number of OFDM symbols in the control region can be different in different RBs. The number of OFDM symbols of the control channel can be even zero in parts of the frequency spectrum, that means those RBs only convey data (and no control), as shown in Figure 5. To communicate the information about the end of control region (in time), there is a need to group RBs to reduce the required information size. One method is to divide RBs into frequency subbands or frequency blocks or blocks of RBs (BRBs). For each BRB (that can include for example 8, 16, … RBs), the size of corresponding control part (in terms of number of OFDM symbols) is indicated separately. For example, if the number of OFDM symbols in the control region is at most 3, this information (including the possibility of zero OFDM symbols for control, e.i. sending only data) can be sent by 2 bits. In this case, if overally we have N blocks of RBs, 2N bits need to be transmitted to UEs to indicate the position of control region in the whole available system bandwidth. These 2N bits can be sent by mechanisms such as  Radio Resource Control (RRC), in the case of semi-static configuration, or be included in common downlink control information (DCI) and be sent by common PDCCH, in the case of dynamic configuration.
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[bookmark: _Ref473613949]Figure 5. The size of control region (in terms of number of OFDM symbols) can be different in different parts of the system frequency spectrum.

Proposal 2: In NR there should be a mechanism to indicate the number of OFDM symbols of the control resource set, which can be different for different blocks of RB.  

Summary
[bookmark: _GoBack]This contribution discussed the overall design of NR-PDCCH and the structure of NR-PDCCH candidates. We discussed the mapping and relationship between NR-PDCCH candidates, CCEs, REGs, and the REs. Also, a mechanism is proposed to indicate the end of control resource set in time (that can be different in different parts of the spectrum).

Proposal 1: In NR, location of DMRS inside REGs should be defined for each case of single-port and dual-port transmission.  
Proposal 2: In NR there should be a mechanism to indicate the number of OFDM symbols of the control resource set, which can be different for different blocks of RB.  
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