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1 Introduction
The NR terminology and definition of “Cell” has been extensively discussed in RAN2 [1-2]. At RAN2#94, the definition of “Cell” and the relationship of “beam” and “cell” remain FFS as follows.
FFS whether the following can be defined as a cell:
- A cell is defined by the presence of a Cell Identifier (CI).
- Beam(s) associated to the same cell are linked to the same Cell Identifier
In order to progress this discussion, we try to firstly recall the relative definitions of “Cell” in LTE, and then present our thinking on this aspect and the relationship of “Cell” and air interface.
2 Discussion
Recall the definition of “Cell” in LTE
We firstly extract the relevant definitions of “Cell” from 3GPP TS 21.905 as follow:
Cell: Radio network object that can be uniquely identified by a User Equipment from a (cell) identification that is broadcasted over a geographical area from one UTRAN Access Point. A Cell is either FDD or TDD mode.
Especially in LTE stage 2 TS 36.300, the following definitions of “Cell” can be extracted:
Cell: combination of downlink and optionally uplink resources. The linking between the carrier frequency of the downlink resources and the carrier frequency of the uplink resources is indicated in the system information transmitted on the downlink resources.
As well as in LTE stage 3 TS 36.331 [3], the following definitions of “Cell” can be extracted: 
Primary Cell： The cell, operating on the primary frequency, in which the UE either performs the initial connection establishment procedure or initiates the connection re-establishment procedure, or the cell indicated as the primary cell in the handover procedure.
Secondary Cell： A cell, operating on a secondary frequency, which may be configured once an RRC connection is established and which may be used to provide additional radio resources.
Actually, all the meanings and definitions of “Cell” are not really exact and consistent among different specifications. In TS 36.300 and 21.905, the definition of “Cell” focuses more on the radio resource of air interface, such as downlink/uplink resource, geographical area. While in TS 36.331, the “Cell” is defined from the perspective of radio resource management and functionality of air interface, such as being indicated as primary cell in the handover procedure, being operated as initial connection establishment procedure. 
Observation 1: The “Cell” can be defined from different perspectives and dimensions, e.g. geographical area, transmission resource, radio frequency and procedural functionality et al.
In the following sections, we try to define a “Cell” for NR from the radio resource management over the air interface point of view.
The concept of “Cell” in NR
We regard “Cell” as a logical function set which accommodates the Users for service data delivery with appropriate radio resource as well as enables corresponding OAM and coordination among neighbouring “Cells”. In this context, "Cell" can be located between the serving Users and Air Interface, as in Fig. 2.2.1 below. “Cell” serves all Users and controls all kinds of radio resource over Air Interface. In other word, "Cell" is mainly responsible for providing radio resources to meet requirements of Users’ service.
User can be regarded as a set of services (e.g. voice, high-speed data, small burst, interactive services) and functions corresponding to these services (e.g. control plane protocol stack, user plane protocol stack, security, mobility management and so on).
Air Interface is a set of shapes for radio coverage. Shapes may be diverse in its forms of e.g. Beam, traditional “Cell”/“Sector” as the definition in [1], or a mixture of the above two types. Within a "Cell", it can be a kind of shape or several kinds of shapes. TRP, introduced at RAN2#94, can be realized through Beam or traditional "Cell"/“Sector” which directly connect with "Cell".
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Figure 2.2.1 “Cell” in NR 
Therefore, “Cell” can be formulated from three different perspectives:
· “Cell” for Users: for different service requirements of Users, “Cell” provides a unified SAP (Service Access Point) to grant appropriate radio resource.
· “Cell” in Air Interface: "Cell" manages radio resource with diverse shapes and schedules it according to Users’ requirements.
· OAM and coordination among more neighbouring “Cells”, including e.g. inter-“Cell” scheduling and interference management.
Proposal 1：“Cell” in NR is a logical function set for radio resource management, and “Cell” accommodates the Users for service data delivery with appropriate radio resource as well as enables corresponding OAM and coordination among neighbouring “Cells”.
Characteristics of “Cell” in NR
In this section, we further describe the characteristics of a NR “Cell” from both the function and the form perspective.
Function of “Cell” in NR
The PHY(Physical Layer) and MAC(Medium Access Control Layer) in LTE separately formulate the radio resource and the corresponding resource allocation and management over air interface. We inherit this concept and further provide a general statement of “PHY” and “MAC” functions in NR so that the “Cell” in NR can be formulated in a similar manner with the traditional PHY and MAC functions of LTE. 
· NR “PHY” 

NR “PHY” formulates the radio resource of NR and is composed of two components: the functions of legacy LTE PHY and the new PHY function required for 5G.
· NR “MAC” 
“MAC” is responsible for the scheduling over air interface in NR and is composed of two components: inter-“Cell” MAC and intra-“Cell” MAC. Inter-“Cell” MAC focuses on the scheduling function among “Cells” and intra-“Cell” MAC mainly inherits the functions of legacy LTE MAC.
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Figure 2.3.1 Functions of “Cell” in NR 
Accordingly, the function of “Cell” is shown in Fig. 2.3.1 and can be formulated as follows:
·  “Cell” is a function set which is composed of two parts: intra-“Cell” function and inter-“Cell” function.
· Intra-“Cell” function is composed of “PHY”, intra-“Cell” MAC and RRC signalling functions. “PHY” is coupled with a “Cell” and vice versa. That’s to say, the relationship between “Cell” and “PHY” is one-one mapping. The intra-“Cell” MAC schedules and controls the “PHY”, and provides the unified SAP to Users. Besides them, the RRC signalling functions are also needed, such as broadcast, establishment, reconfiguration, deletion, blocking procedures of a “Cell”.
· Inter -“Cell” function is mainly composed of inter-“Cell” MAC to achieve fast control over air interface including multi-route choice for data flows of Users, multi-“Cell” switch, controlling of MAC-level mobility and so on.
Observation 2: “PHY” is the handle to define the concept of “Cell”.
Observation 3: “MAC” carries out the radio resource management function of “Cell”.
Observation 4: “Cell” is composed of “PHY”, “MAC” and RRC signalling functions.
Observation 5: “Cell” has two kinds of basic functions, i.e. intra-“Cell” function and inter-“Cell” function.
Proposal 2：From radio resource management perspective, “Cell” is composed of “PHY”, “MAC” and RRC signalling functions, and “Cell” function can be divided further into intra-“Cell” function and inter-“Cell” function.
Form of “Cell” in NR
As above, “PHY” formulates all the radio resource in a “Cell”. While, the radio resource of a “Cell” can be reflected by certain specific shapes, e.g. traditional “Cell”/“Sector” and Beam, over Air Interface. Herein we name this relation between radio shapes and “Cell” as the form of a “Cell” in NR. In this sense, more consideration is needed given the presence of TRP.
At RAN2#94, the agreement of the relationship between NR eNB and TRP is as follow.
Agreements:

1 NR eNB corresponds to 1 or many TRPs
Accordingly, the form of “Cell” can be formulated as follows:
· One or more TRPs serving a single “Cell” are connected to the “PHY” of the concerning “Cell”.
· A TRP can either transmit traditional “Cell”/”Sector” or beams, depending on the deployed frequency band.
· In case a TRP transmits a traditional “Cell”/”Sector” which is identified by a single Cell ID, as today LTE system and shown in Fig.2.3.2-1
· In case a TRP transmits Beam, it can simultaneously transmit one or more beams which share a same Cell ID, as shown in Fig.2.3.2-2
· All the beams and traditional “Cells”/”Sectors”, which are separately transmitted by TRPs and all of these TRPs connect to the same “PHY” of a single “Cell”, share the same Cell ID , as shown in Fig.2.3.2-3  and Fig. 2.3.2-4
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Figure 2.3.2-1 A traditional “Cell”/”Sector” in a TRP            Figure 2.3.2-2 Beams in a TRP
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                            Figure 2.3.2-3. Beams in TRPs                                                Figure 2.3.2-4 A traditional “Cell”/ “Sector” 
                                                                   and beams in TRPs
As a whole, the common information of a “Cell” is broadcasted through all TRPs which connect to its “PHY”, and all kinds of common information may not be identical over different geographical areas because they are for different scenarios. Over air interface, the common information transmits through one or more beams or a traditional “Cell”/”Sector” of a TRP, and the dedicated information of Users transmits based on physical channel features of Users. 
Proposal 3: All the beams and/or traditional “Cells”/”Sectors” connecting to the “PHY” of a “Cell” share the same Cell ID.
3 Conclusions
In this contribution, we analyze the characteristics of Air interface and formulate the concept of “Cell” in NR. The observations and proposals is shown as follow：
Observation 1: The “Cell” can be defined from different perspectives and dimensions, e.g. geographical area, transmission resource, radio frequency and procedural functionality et al.
Observation 2: “PHY” is the handle to define the concept of “Cell”.
Observation 3: “MAC” carries out the radio resource management function of “Cell”.
Observation 4: “Cell” is composed of “PHY”, “MAC” and RRC signalling functions.
Observation 5: “Cell” has two kinds of basic functions, i.e. intra-“Cell” function and inter-“Cell” function.
Based on the above observation, we have the following proposals:
Proposal 1：“Cell” in NR is a logical function set for radio resource management, and “Cell” accommodates the Users for service data delivery with appropriate radio resource as well as enables corresponding OAM and coordination among neighbouring “Cells”.
Proposal 2：From radio resource management perspective, “Cell” is composed of “PHY”, “MAC” and RRC signalling functions, and “Cell” function can be divided further into intra-“Cell” function and inter-“Cell” function.
Proposal 3: All the beams and/or traditional “Cells”/“Sectors” connecting to the “PHY” of a “Cell” share the same Cell ID.
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