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1 Introduction
This contribution is also submitted to RAN2 as R2-165541 and is provided for information in RAN1 to give further details on idle mode operation and initial access. 
In RAN2#95, companies discussed the NR “cell” concept and agreed to discuss further about the following issues:
· FFS what is the definition of a cell

· 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 this paper, we progress the discussion on the “cell” definition for NR by proposing to reuse some principles from LTE for the IDLE mode operation and initial access. 
2 Discussion
An IDLE LTE UE selects and reselects its serving cell. The LTE cell is in general defined by its synchronization signals (PSS/SSS). Upon detecting and synchronizing with the PSS/SSS the UE knows the cell ID (PCI) and thereby knows CRS to expect. 

At least when being about to (re-)select that cell as serving cell, the UE must also acquire MIB and SIB1 in order to evaluate whether it may actually camp on the cell. MIB and SIB1 as well as all other transport and control channels (except MCH) are scrambled with the cell ID. This ensures that the UE acquires the system information of the cell of which it detected PSS/SSS. It hence allows the UE to associate unambiguously the received system information with the cell. In order to access the cell, the UE shall also acquire SIB2, which carries e.g. the Random Access configuration to apply. 

Besides the PSS/SSS/CRS there are also other reference signals such as CSI-RS and DM-RS in an LTE cell. The network may apply beamforming to the latter and thereby create individual beams (e.g. represented by CSI-RS) within a cell (represented by PSS/SSS/CRS). However, an IDLE LTE UE does not care or even know about these beams. It does not need to perform any reselection among beams or to apply different system information when “entering” another beam. 

Following very similar principles, we suggest the following operation by IDLE NR UEs:

Proposal 1 An IDLE NR UE detects and measures IDLE mode synchronization- and reference signals.

Proposal 2 An IDLE NR UE can unambiguously determine the system information associated with that synchronization- and reference signal.

Proposal 3 An IDLE NR UE reselects based on the IDLE mode synchronization- and reference signals and by taking into account the reselection criteria provided by the network.
As elaborated in [2], traditional broadcast of system information is still needed in NR. However, it is not a viable solution for NR deployments such high carrier frequencies or for nodes serving only few camping UEs. Hence, it should be possible to provide the system information mentioned in Proposal 2 alternatively by other means:

Proposal 4 An IDLE NR UE does not necessarily acquire the system information applicable for a cell from that particular cell. NR should rather allow providing this system information via broadcast from intra- or inter-frequency neighbour cells, via LTE or via dedicated signalling. 

We expect that the synchronization- and reference signals used by IDLE NR UEs could also be beam-formed. Whether this is done or whether these signals cover an entire sector should be up to the network. In any case, an IDLE UE should only be required to detect, distinguish and measure these signals. 

Proposal 5 The IDLE mode synchronization- and reference signal determines an NR cell. The cell selected by the NR UE is denoted serving cell.

Proposal 6 The IDLE NR UE is not required (or able) to distinguish other reference signals (e.g. forming beams) within a cell. 

Proposal 7 Reference signals used by RRC CONNECTED UEs shall be transparent to an IDLE UE.

In LTE, even beyond the initial random access the time- and frequency synchronization as well as the scrambling of all data and control channels are based on the PSS/SSS. Hence, operation in IDLE and CONNECTED modes are tightly coupled in LTE. While this may be advantageous in some cases, but could be undesirable in others. For example, it would be beneficial to possibly design the information used by IDLE UEs so that it would not be required to be beamformed in order to minimize potential overhead. On the other hand, a CONNECTED UE should benefit from accurate beamforming and from the additional antenna gain achieved by it assuming that data channels will be beamformed. If such UE would however be required to obtain both, the non-beamformed reference signals as well as the beamformed dedicated signals, the difference in received signal strength may cause massive problems at the UE. Secondly, the synchronization- and reference signals used by IDLE UEs may appear fairly sparsely in time since they are only needed for (less time critical) cell detection and re-selection. For connected mode mobility as well as for actual data transmissions more frequent synchronization and reference signal occasions may be configured. For example, a UE may benefit from a proper sync signal at the beginning of a data burst following a longer DRX period. Dedicated sync- and reference signals for that particular purpose are desirable because they can be beam-formed in the same way as the following control- and data transmissions. 

Proposal 8 It shall not be assumed from the time being that after entering RRC Connected mode (possibly already from Msg2 onward) a UE relies on or use of the reference signals that are used by IDLE NR UEs.
3 Conclusion

In this paper, we discussed the “cell” definition for NR by proposing to reuse some principles from LTE for the IDLE mode operation and initial access. The paper also briefly discusses how the definition of “beams” in NR affect the way a cell should be defined, explaining the limitations of the proposed definition listed as FFS.  The following is proposed:

Proposal 1
An IDLE NR UE detects and measures IDLE mode synchronization- and reference signals.
Proposal 2
An IDLE NR UE can unambiguously determine the system information associated with that synchronization- and reference signal.
Proposal 3
An IDLE NR UE reselects based on the IDLE mode synchronization- and reference signals and by taking into account the reselection criteria provided by the network.
Proposal 4
An IDLE NR UE does not necessarily acquire the system information applicable for a cell from that particular cell. NR should rather allow providing this system information via broadcast from intra- or inter-frequency neighbour cells, via LTE or via dedicated signalling. 
Proposal 5
The IDLE mode synchronization- and reference signal determines an NR cell. The cell selected by the NR UE is denoted serving cell.
Proposal 6
The IDLE NR UE is not required (or able) to distinguish other reference signals (e.g. forming beams) within a cell.
Proposal 7
Reference signals used by RRC CONNECTED UEs shall be transparent to an IDLE UE.
Proposal 8
It shall not be assumed from the time being that after after entering RRC Connected mode (possibly already from Msg2 onward) a UE shall not reliesy on or use of the reference signals that are used by IDLE NR UEs .
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