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1
Introduction
Some discussion on the terminology and concept of NR cell has been made in RAN2#94 and RAN2#95. However, not much concrete agreement has been made. Considering a common understanding on the concept of cell is the foundation of almost all the high layer functions, it will be helpful to have a clear view on the cell of NR before we go to other high layer functions. The intention of this contribution is to give some consideration on the definition and characteristic of NR cell.
2
Definition of NR cell
In 3GPP, one definition of cell can be found in 21.905 as follow: 
------------------------------------------------------------- From 21.905 Start ------------------------------------------------------------
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.
-------------------------------------------------------------- From 21.905 End ------------------------------------------------------------
In the definition above, the cell has been defined as a geographical area which has a broadcasted identification. Since the NR system is still a cellular system and the terminology “cell” has already been used in the RAN TR 38.913 to describe the RAN performance requirement, it can be foreseen that the concept of cell will still be used in NR and the UE will be required to identify the cell based on some kind of identification. 
Observation 1: Cell is a Radio network object which can be uniquely identified by a User Equipment from a (cell) identification that is broadcasted over a geographical area.
Besides the definition given in 21.905, another definition of cell can be found in 36.300, which is given from the aspect of radio resource.
------------------------------------------------------------- From 36.300 Start ------------------------------------------------------------
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. 
-------------------------------------------------------------- From 36.300 End ------------------------------------------------------------
The definition in 36.300 shows the nature of cell is a set of radio resources (e.g. combination of downlink and optionally uplink resources), which is also true for the NR cell.
Observation 2: Cell is a set of radio resources, which consist of downlink and optionally uplink resources.
So, in order to have a clear view on the concept of cell, we propose to make use of the definition given in both 21.905 and 36.300, and define the cell in NR as below:
Proposal 1: Define a cell in NR as: Radio network object which is a combination of downlink and optionally uplink resources, and can be uniquely identified by a User Equipment from a (cell) identification that is broadcasted over a geographical area.
3
Characteristics of NR cell
It has been agreed in previous RAN2 meetings that ‘NR eNB corresponds to 1 or many TRPs’. However, whether a cell is allowed to have multiple TRPs is still not clear. 
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Figure 1: Relationship between cells and TRPs
In LTE, distributed antennas are widely deployed in the in-door scenario which forms multiple TRPs within one cell. So, it is quite straight to allow a similar deployment in NR. Moreover, considering that high frequency band (e.g. mmWave) will be used in NR, the coverage of one TRP using high frequency band will be much smaller than the TRPs using frequencies below 6 GHz. If one cell only has one TRP, cell level mobility will be triggered frequently which may cause unnecessary signalling and delay. Based on the considerations above, we propose that:
Proposal 2: A NR cell corresponds to 1 or many TRPs.
Since the cell refers to a combination of radio resources, some kind of resource management entity will be required in the cell. In LTE, the resource scheduling is handled by the MAC entity and a cell can only be linked to one MAC entity no matter whether it associates to one or more TRPs. If two sets of radio resources cannot share one MAC entity, then a dual connectivity like architecture shall be used (e.g. one MAC entity will be configured for each set of radio resource) and the two sets of radio resources will be considered as two separate cells. For NR, in order to save the complexity, we propose that:
 Proposal 3: A NR cell can only be linked to one MAC entity, no matter how many TRPs it has.
4
NR cell, TRPs and beamforming
Beamforming is an effective way to resolve coverage issue of initial access in power limited scenarios, e.g. at mmWave frequencies. When beamforming is applied, i.e. multi-beam scenario, DL and UL beam sweeping is needed by TRP (UE) to transmit (receive) and receive (transmit) signals related to initial access. In the single-beam scenario, repetition may be necessary to get sufficient initial access coverage. In a companion paper [1], DL and UL sweeping time intervals (STI) are introduced as a flexible signal structure that unifies single- and multi-beam transmission and repetition.

A sweeping time interval consists of multiple sweeping blocks (SB) multiplexed in TDM manner as shown in Figure 2. In each DL SB, there can be a complete set of signal/channel related to initial access, e.g. synchronization signal, PBCH and reference signals (for RSRP measurement and/or fine time/frequency synchronization).
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Figure 2: Illustration of DL/UL STI
In the multi-beam scenario, signals may have to be transmitted or received along only one or few beam direction(s) in one SB due to the limited number of TXRU. The beams in all SBs of a STI cover the whole serving area (as illustrated in Figure 2). This kind of multi-beam transmission was defined in previous meetings as beam sweeping. In the single-beam scenario, signal repetition in multiple SBs may be used, in order to allow energy accumulation and coverage extension. The combination of beam sweeping and repetition should also be considered for scenarios with cell-edge UEs with very low SNR, e.g. UMa. Furthermore, beam sweeping or repetition may not be needed in the power non-limited scenarios. Then, a single-SB STI should be enough, e.g. single beam based deployment in low frequency.  
Mapping between DL and UL SB is shown in our companion contributions [2]

 REF _Ref462960086 \r \h 
[3].

Proposal 4: DL and UL sweeping time interval (STI) are supported by NR. Each STI consists of one or multiple sweeping block(s) (SB), multiplexed in TDM manner
One way to implement a form of beam sweeping is to assign a cell, i.e. a physical cell identity (PCI), to each beam in each DL SB, similar to sector cells in LTE and UMTS, as illustrated in Figure 3. 
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Figure 3: Illustration of sweeping of N beams where each beam is a cell (i.e. has a PCI). In other words, as many cells as beams (N) are transmitted.

Another way to implement beam sweeping is to allow repetition of signals corresponding to the same cell, i.e. the same PCI, in different DL SBs, as in Figure 4.
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Figure 4: Illustration of sweeping of N beams where a cell, i.e. a PCI, is repeated on multiple beams, in this case on all N beams.

These two approaches are in principle quite similar. However, considering that the framework should also include repetition for the single-beam case, it is natural to adopt repetition of the same PCI on multiple beams. The approach with repeated PCIs on different SBs/beams shows several advantages, compared to the approach with one PCI per beam:

· Fewer PCIs are needed, in particular in deployments with many beams. This simplifies PCI planning and can reduce the UE cell search effort.

· A UE that detects one SB/beam of a cell can with little extra effort detect other beams of the same cell, since they use the same PCI and are transmitted with a certain time offset. Improved cell search performance by multi-SB combining is discussed in [1].

· A UE can readily softly combine PBCH (with SI) from different DL SBs, since they correspond to the same cell. It is not clear if a UE could combine PBCH from different cells.

· An IDLE UE moving between beams would not reselect cell, which means that SI reception and decoding could be omitted.

Proposal 5: The signals in different DL sweeping blocks (SBs), e.g. SS and PBCH, are associated with a single physical cell ID (PCI) (i.e. a standalone NR cell, defined by one SS / PCI, is characterized by one or more beams).

Note that a DL STI can consist of a single DL SB, i.e. just a single instance of SS etc. If a NR-eNB transmits multiple standalone cells, each of these cells transmits its own DL STI. It is not precluded that DL STIs of different cells are synchronously transmitted, on top of each other, after each other or interleaved in some way.

To which extent non-standalone cells need to transmit DL STI should be further studied. Note that the proposal above does not preclude that a NR-eNB transmits different cells on different beams. 

5
NR cell and (network controlled) mobility levels
It has been agreed in RAN2#94 that there will be two levels of network controlled mobility in NR: 
· 1: RRC driven at 'cell' level.
· 2: Zero/Minimum RRC  involvement (e.g. at MAC /PHY)
Based on the concept of cell and related analysis given above, since all the TRPs and beams within one cell are scheduled by one MAC entity, the mobility among different TRPs / beams within one cell should be considered as “Zero/Minimum RRC involvement” mobility. 
Proposal 6: The mobility among TRPs / beams belonging to the same NR cell should be considered as “Zero/Minimum RRC involvement” mobility.
On the other hand, if a UE moves among TRPs / beams belonging to different cells, the “RRC driven” mobility should definitely be the default option. However there are cases, e.g. when TRPs belonging to different cells share the same MAC (e.g. because they are served by the same NR-eNB), where a connected UE moving from one cell (characterized by a specific SS / PCI) to another (characterized by a different SS / PCI) does not necessarily have to invoke RRC controlled mobility, but can be handled via “Zero/Minimum RRC involvement” mobility. This is further address by a companion RAN1 contribution in [4].
3
Conclusion
In this contribution, the definition and some characteristics of NR cell have been discussed, and RAN2 is kindly asked to consider the observations and proposals listed below:
Observation 1: Cell is a Radio network object which can be uniquely identified by a User Equipment from a (cell) identification that is broadcasted over a geographical area.
Observation 2: Cell is a set of radio resources, which consist of downlink and optionally uplink resources.
Proposal 1: Define a cell in NR as: Radio network object which is a combination of downlink and optionally uplink resources, and can be uniquely identified by a User Equipment from a (cell) identification that is broadcasted over a geographical area.
Proposal 2: A NR cell corresponds to 1 or many TRPs.
Proposal 3: A NR cell can only be linked to one MAC entity, no matter how many TRPs it has.
Proposal 4: DL and UL sweeping time interval (STI) are supported by NR. Each STI consists of one or multiple sweeping block(s) (SB), multiplexed in TDM manner.

Proposal 5: The signals in different DL sweeping blocks (SBs), e.g. SS and PBCH, are associated with a single physical cell ID (PCI) (i.e. a standalone NR cell, defined by one SS / PCI, is characterized by one or more beams).
Proposal 6: The mobility among TRPs / beams belonging to the same NR cell can be considered as “Zero/Minimum RRC involvement” mobility.
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