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1 Introduction
During the last RAN2#95, several papers discussed the possible concept and the characteristics of a NR "Cell" [1][2][3][4][5][6][7][8]. A lot of possible definitions of NR "Cell" are considered from different perspectives and dimensions, e.g. geographical area, system information, transmission resource, radio frequency and RRM functionality. However, cell definition is not discussed in the last meeting.
In order to progress this discussion, this paper presents our understanding on how an "NR cell" is characterized. It is believed that a clear NR "cell" definition will be great helpful for progressing of NR.
2 Discussion
In the last RAN1#86 meeting, some agreements on NR "Cell" were achieved and some FFS need to be further investigated:
Agreement in RAN1#86 
RAN1 should take at least following requirements into account to design initial access 

Providing at least following functionalities 

Detection of NR cell and its ID 

Note: In this context, NR cell corresponds one or multiple TRP(s) 

RAN3#92 meeting also agreed that "gNB" will be the new name of "NR NB" so the name "gNB" will be used in this contribution.
2.1 Issues for the cell concept
In LTE, a "cell" is formally defined in TS 36.300 as a "combination of downlink and optionally uplink resources". 

Since the frequency reuse factor is 1 in LTE, the UE may receive transmissions from multiple cells on the same frequency carrier and the Physical Cell ID (PCI) may be used to differentiate the transmission from/to different cells. By applying different scrambling sequences for different cells, using the PCI as an input parameter to select the sequence, interfering signals from different cells can be randomized thus allowing to properly suppress the interference. PCI actually associates the downlink and uplink resource of a cell.
A number of UE procedures in LTE are implicitly defining what a cell is:
· Synchronization
Synchronization depends on PSS/SSS and allows the UE to acquire the encoded PCI and the frame timing for reception of all downlink transmissions and for all uplink transmissions (in addition to the uplink timing advance, for uplink transmissions). In this sense, all downlink transmissions which are time aligned with PSS/SSS and all uplink transmissions using the PSS/SSS as timing reference belong to a cell.
-
Inter-cell interference suppression
In order to suppress interference from neighbour cells, all downlink transmissions are scrambled with (for physical channels) or determined by (for reference signals) a specific sequence. For most downlink transmissions, the corresponding sequence is associated to the PCI, which value is determined from the sequence visible from PSS/SSS. Using different PCI values for neighbour cells allows different downlink transmissions to use different sequences.
However, for the PHICH, for the EPDCCH (and associated demodulation reference signals), for the MBSFN reference signals and for CSI reference signals, the PCI is either never used to determine the sequence used (e.g. MBSFN reference symbols) or the network may signal (L3 signalling) to the UE another value that replaces the PCI, in which case the associated transmission isn't as tightly associated to a particular cell (but still, a particular PSS/SSS is used for time synchronization);

· System information
After synchronization to the network, the UE acquires the cell reference symbols (CRS) which allows decoding the PBCH carrying the MIB. According to the MIB, the UE knows the cell bandwidth, PHICH and SFN. After acquiring the MIB and the PCFICH, the UE knows exactly the location of control channel, i.e. PDCCH and can acquire system information. From L3 perspective, system information is a set of parameters associated to each other as part of "a cell". All these signals and channels are using a sequence determined by the value of the PCI, which is the same for all.
· Cell (re)selection and camping
For cell reselection, the UE is searching for other PSS/SSS, then the associated CRS and the PBCH and SIB1, and the cell is considered suitable for camping based on SIB1 and SIB2 information. In order to camp, the UE monitors paging on PDCCH for which a sequence determined from the PCI is used for scrambling. So the UE operation in RRC_IDLE is completely linked with the PCI and SI contents.
· Data transmission
Data transmission in LTE is controlled by information transmitted on PDCCH. The UE is allocated at least a C-RNTI, which is implicitly encoded in control indications (either downlink, DCI, or uplink, UCI) via a CRC calculation. As for data, they are scrambled using a sequence determined by the PCI but also by the UE RNTI also providing some randomization of transmissions accross multiple UEs, which can be useful e.g. in case of spatial multiplexing.

As mentioned before, it is also possible to use EPDCCH which may not use a single value like the PCI.

· Measurement and handover
When the UE is in RRC_CONNECTED, the UE is configured with DL measurement gap and measurement events in order to prepare handover as the UE is moving. The measurement process includes synchronization and reading of CRS and PCI is used to identify different cells. 
Observation 1: "Cell" in LTE supports a set of logic functions, e.g. the area validation of DL Synchronization signals, identical system information, inter-cell interference suppression, DL/UL data transmissions and mobility decision.

In Rel-11, the possibility to transmit and make the UE aware of reference signals that may come from different transmission points was introduced. This can allow either link adaptation, or scheduling, or dynamic transmission point selection, taking into account the received signals from multiple transmission points that may belong to different cells.

However, as PDSCH can only be configured to avoid the CRS of one cell, in order to avoid interference between a PDSCH using a configuration according to the CRS of cell 1 and CRS transmission using the configuration of cell 2 (which may not be aligned in time and frequency) from the same transmission point, each transmission point uses a different PDSCH configuration according to the CRS that it is transmitting and the UE must be made aware for each PDSCH transmission of the configuration used.

This represents some signalling overhead and also means that when a transmission point is to be added, there is the need to signal an additional PDSCH configuration to the UE. Other techniques such as coherent joint transmission are still not supported.

Observation 2: In LTE, the design of cells creates limitations for efficient usage of multi-TRP operation.
Proposal 1: Cell design for NR should consider supporting the following characteristics within one NR cell:

· DL synchronization signals deriving identical NR cell ID;
· identical System information distribution for at least Minimum SI;

· efficient use of all possible types of multi-TRP operation;
· downlink/uplink physical channels/signals towards a connected UE are identical/valid in more than one TRP.
In the case of LTE, every carrier frequency is considered as an independent cell, e.g. it has its own PCI, its own system information, its own CRS, etc. This is a rather simple design where every frequency carrier is fully independent from others but it is also possible to do carrier aggregation, i.e. to simultaneously use resources in multiple frequency carriers for one UE.

Although the same principle could be reused for NR another possibility could be that carrier frequencies that can be used separately to serve UEs can also be considered as a single cell. For instance, system information could be provided only on the low frequency carrier of a "NR cell" that includes the use of higher frequencies. Also, it may be possible to simplify inter-frequency mobility by having several frequency carriers as part of the same cell.
Proposal 2: Consider the possibility to define a NR cell as including multiple frequency carriers.

2.2 Relationship between gNB and NR cell
gNB is agreed to be the new name of "NR NB" in the RAN3#92 meeting, and RAN2 is also trying to have a clear definition of "cell". For NR, multi-TRP operation could be used over a rather wide area, i.e. the cell could be rather wide geographical area. Since this should be coordinated centrally, it seems preferable that the whole cell is handled by a single gNB, even though it may be large. In the case of NR, a single gNB could handle more than one NR cell, like in LTE.
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Figure 2.2-1: gNB and NR cells

Proposal 3: A NR cell is handled by a single gNB. A gNB may handle one or more cells.
2.3 UE protocol entities
A NR cell may use multiple TRP and each TRP may use multiple "antenna ports" visible to the UE, such as in figure 2.3-1 below.
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Figure 2.3-1: NR cell, TRPs and antennas.
This may mean several instances of L1 entities in the UE, and possibly some L2 entities as well. However, there should be a single RRC protocol instance in the UE which configures all NR cells.
Proposal 4: There is a single RRC entity for the UE with one NR serving cell. 
3 Conclusion

This contribution discusses a number of aspects about NR cells.
Proposal 1: Cell design for NR should consider supporting the following characteristics within one NR cell:

· DL synchronization signals deriving identical NR cell ID;

· identical System information distribution for at least Minimum SI;

· efficient use of all possible types of multi-TRP operation;
· downlink/uplink physical channels/signals towards a connected UE are identical/valid in more than one TRP.
Proposal 2: Consider the possibility to define a NR cell as including multiple frequency carriers.
Proposal 3: A NR cell is handled by a single gNB. A gNB may handle one or more cells.
Proposal 4: There is a single RRC entity for the UE with one NR serving cell.
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