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During RAN2#94bis meeting, RAN2 agreed two levels of network controlled mobility, i.e. RRC driven at ‘cell’ level and Zero/Minimum RRC involvement (e.g. at MAC/PHY). Although the concept of ‘cell’ seems to be needed in NR, different companies have different understandings on ‘cell’ in NR. 
In RAN2#95 meeting, NR ‘cell’ is discussed from the aspects of PHY signalling required for ‘cell’ identification and RRM measurement. Following agreements on NR ‘cell’ were made.
Agreements related to RRC based mobility

RAN2 preference:
1	In connected active we are able to use non-UE specific RS for measurements (UE may not need to be aware whether the RS is UE-specific or non-UE specific)

2	The non-UE specific RS can be found by the UE without much configuration

3	The non-UE specific RS encodes an identity

FFS1	Is RS in connected the same as "xSS"
FFS2 	What does the non-UE specific RS identify? E.g. Cell, beam, TRP, zone, or something else.
FFS3	Does the UE have to be able to somehow identify a grouping from this identity?

These agreements are not intended to preclude uplink based mobility
Final decision whether to introduce non-UE specific RS design is RAN1 responsibility

In RAN1# 86 meeting, RAN1 discussed the aspects related to initial access and following agreements made:
	Agreements:
· 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)
· Initial time/frequency synchronization to the cell
· Providing necessary information for random access
· Providing sufficient number of the identity values to allow deployment flexibility
· FFS: supporting efficient mobility
· FFS: supporting efficient inter-RAT measurement
· Reducing the frequency hypothesis UE needs to search for compared to LTE
· FFS: detecting beam ID(s)



In this contribution, we share our understanding on NR cell based on the RAN1’s agreements, and try to make progress on the NR cell definition from RAN2 aspects.
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NR ‘cell’ in IDLE
During last RAN1 meeting, the highlighted agreements were made for initial access. Initial access is the very first step to be performed before UE is able to transmit any traffic. It contains a series of procedures including cell search, time/frequency synchronization, system information acquisition and random access. Downlink synchronization signals are the first DL signals a UE tries to search for, which not only enable time and frequency synchronization, but also provides the UE with the cell ID. Random access preamble is the first UL signal that UE transmits to gain access to the network, the necessary information of which should be acquired through broadcast signalling.
Based on the agreements made in RAN1, following observations can be made:
Observation 1: RAN1 agrees that NR cell is needed for initial access with the following characteristics:
· It is covered by one or multiple TRPs;
· It should be detected and identified by an physical ID;
· Initial time/frequency synchronization is required;
· It provides necessary information for random access.

During last RAN2 meeting, RAN2 discussed “xSS based” and “RS-set based” mobility [1] and try to make agreements for NR cell from that aspects. RAN2 made clarifications on the understanding of RAN1’s agreement regarding to the relationship between NR cell and xSS: 
· There is an "xSS" (similar as LTE cell specific RS). 
· On the "xSS" there is at least a NR Cell Id. 
· The xSS is at least used in idle. 

Although which types of signal will be used for cell detection and RRM is RAN1’s task, RAN2 can confirm the understanding based on RAN1’s progress, and make progress from function points of view. Considering the NR cell has boundary and different NR cells can be identified with different physical ID, NR cell selection and reselection is the fundamental procedure to support UE mobility before performing initial access.    
Proposal 1: NR cell supports the following functions for UE in IDLE mode to perform initial access:
· NR Cell detection and identification, 
· Time/frequency synchronization,
· Essential system information,
· NR Cell selection and reselection.
NR ‘Cell’ Coverage
The coverage of a NR cell defines the area within which UE behaviour can be controlled by it. 
RAN1 agreed to study both multi-beam and single-beam based approaches for broadcast channels/signals and RRM measurement signals. 
· In single-beam based approaches, the single beam can be used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE, similarly as for LTE cell-specific channels/RS. A wider beam with shorter coverage is generally used to cover the whole coverage area. 
· In multi-beam based approaches, multiple beams are used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE. Multiple narrower beams with longer coverage are used to cover the whole coverage area.
Considering that NR cell corresponds one or multiple TRP(s), potentially there are following different deployment scenarios for cell layouts as illustrated in Figure 1. 



                       Scenario a) Single TRP, Single beam                             Scenario b) Single TRP, Multiple beam



                  Scenario c) Multiple TRP, single beam                                   Scenario d) Multiple TRP, multiple beam

Figure1 Different cell layouts
Scenario a): the cell is a traditional cell, which is covered by only one TRP, e.g. base station with an omi-directional or sector beam. System information and xSS is broadcast for cell identification.
Scenario b): The cell is covered by multiple directional beams from one TRP. System information and xSS is broadcast through beam sweeping for cell identification. 
Scenario c): the cell is covered by multiple omi-directional or sector beams. Identical system information and xSS is broadcast for cell identification.  In order to support UE mobility among the different TRPs within the cell, TRP specific RS may be needed.
Scenario d): The cell is covered by multiple directional beams from multiple TRPs. System information and xSS is broadcast through beam sweeping on each TRP. 
Observation 2: NR cell is covered by one or multiple TRPs with each TRP providing coverage through either single-beam or multiple-beam approach. 
Proposal 2: NR cell consists of one or more beams.
NR ‘cell’ in CONNECTED
When UE is in CONNECTED mode, both cell-level and beam-level mobility will be performed. During handover, when UE moves from the coverage from one cell to another, UE context needs to be relocated and the security key will be changed. Actually, the coverage of the cell defines the validation area of the UE context and security. Within the same area, beam management is performed by lower layer to support UE mobility. From network aspects, UE context relocation, data forwarding as well as path switching will be performed when HO occurs no matter whether change of the serving cell is UE-based decision or network-based procedure. 
Proposal 3: NR cell provides the function of Handover for UE in CONNECTED mode.
In NR if the cell is covered by multiple beams, beam may or may not be visible to UE in IDLE mode depending on whether SFN (single frequency network) or beam sweeping are utilized to provide cell coverage. In the former case, identical synchronization signals as well essential system information for random access are transmitted from multiple TRPs. Beams are invisible to UE since there is not beam-specific reference signal and identification broadcast by the network. In the latter case, synchronization signals and system information are transmitted on multiple beams on multiple time instances. Beams are visible to UE since each beam has its own reference signal and identification. 
Observation 3: In IDLE, beams may or may not be visible to UE. 
For UE in CONNECTED mode, there are mainly two approaches to provide RS for RRM measurement.
· Alt 1: One approach is that the RS is provided by network through dedicated RRC signals, which is similar as CSI-RS. In LTE, since each CSI-RS corresponds to one cell, different CSI-RSs can be used to represent serving cell and neighbouring cells. Although UE is not aware of the association between the CSI-RS and the cell, network can make proper decision based on UE’s measurement report on those CSI-RS. UE-based mobility can’t supported by this type of RS. 
· [bookmark: _GoBack]Alt 2: One approach is that the RS is provided by network through broadcasting, which is similar as CRS. In LTE, each cell has its own CRS, and the association between the cell and its CRs is actually determined by PSS/SSS and physical cell ID. When UE performs cell search, RRM measurement is performed on the CRS. Both UE-based and network-based mobility can be supported. 
Observation 4: In CONNECTED, the DL RS for RRM measurement required for cell-level mobility can be provided by dedicated RRC configuration or by broadcasting. 
Different from IDLE mode operation, it’s important that UE is able to distinguish beams belonging to different cells in CONNECTED. That is because measurement as well as reporting are very different among inter-cell beams switching and intra-cell beam switching. Inter-cell beam switching will involve RRC procedure. So for both of the RS provisioning methods described above i.e. Alt1 and Alt2, a beam ID corresponding to a beam’s RS is needed. In the former case, a beam ID is assigned through RRC configuration; in the latter case, a physical beam ID is decoded through the beam-specific signal broadcast on the beam. 
Observation 5: In CONNECTED, beams should be visible to UE. Each beam with DL beamformed RS is assigned a beam ID. 



                          Cell-specific RS                                                                       Non-UE specific RS
Figure 2 Non-UE specific RS for RRM
For the deployment of multiple TRPs, the cell size can be scalable from the small coverage with several TRPs to very large coverage with hundreds of TRPs. When the cell size is small, the RS for RRM can be considered as cell-specific, which are used by all the served UEs in the cell; when the cell size is large, the RS for RRM is not cell-specific due to the limited coverage, which are used by parts of the UEs near the cell boundary.
Observation 6: The DL RS for RRM measurement required for cell-level mobility can be cell-specific or non-UE-specific. 
Proposal 4: Each beam associated with a beamformed RS should be identified by a beam ID. 
Proposal 5: The beams are belonging to the same cell if the corresponding beam IDs are associated to the same cell ID. It’s FFS whether the association is determined by physical beam ID detection or RRC configuration. 

RAN2 has agreed two levels of network controlled mobility and beam ID is unavoidable for beam management. At least two levels of ID are required, one for cell and the other for beam.  Although the concept of ‘cell’ is kept in NR, it should be more flexible, which will have scalable coverage, deployment as well as functions.
Although other IDs targeting to different functions with wider coverage size may be possible for further optimization, e.g. ID for paging area to enhance paging or ID for certain area for UE tracking,  those wider areas are covered by either cells or beams, the identification of which can be derived from cell list or beam list. Whether those IDs are necessary needs further justification. 
Another question is whether ID for TRP identification is needed. According to RAN1 agreements that “strive for the same procedure design for Intra-TRP and inter-TRP beam management, noting that UE may not know whether it is intra-TRP or inter TRP beam”, TRP is invisible to UE and TRP ID is not needed based on currently agreement. 
Proposal 6: RAN2 adopts two levels of ID, i.e. cell ID and beam ID for cell-level mobility and beam management respectively.
Conclusion
In this contribution, we share our understanding on NR cell based on the RAN1’s progress. 
Based on the observations below:
Observation 1: RAN1 agrees that NR cell is needed for initial access with the following characteristics:
· It is covered by one or multiple TRPs;
· It should be detected and identified by an physical ID;
· Initial time/frequency synchronization is required;
· It provides necessary information for random access.
Observation 2: NR cell is covered by one or multiple TRPs with each TRP providing coverage through either single-beam or multiple-beam approach. 
Observation 3: In IDLE, beams may or may not be visible to UE. 
Observation 4: In CONNECTED, the DL RS for RRM measurement required for cell-level mobility can be provided by dedicated RRC configuration or by broadcasting. 
Observation 5: The DL RS for RRM measurement required for cell-level mobility can be cell-specific or non-UE-specific. 
We propose:
Proposal 1: NR cell supports the following functions for UE in IDLE mode to perform initial access:
· NR Cell detection and identification, 
· Time/frequency synchronization,
· Essential system information,
· NR Cell selection and reselection.
Proposal 2: NR cell consists of one or more beams.
Proposal 3: NR cell provides the function of Handover for UE in CONNECTED mode.
Proposal 4: Each beam associated with a beamformed RS should be identified by a beam ID. 
Proposal 5: The beams are belonging to the same cell if the corresponding beam IDs are associated to the same cell ID. It’s FFS whether the association is determined by physical beam ID detection or RRC configuration. 
Proposal 6: RAN2 adopts two levels of ID, i.e. cell ID and beam ID for cell-level mobility and beam management respectively.
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