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1 Introduction

During RAN2#95, RAN2 discussed [1] and captured the following agreements on IDLE mode operation: 
	Agreements:

1:
 In the 5G system, the UE camps on the best cell

FFS how the UE determines the best cell


During RAN2#95bis, RAN2 discussed and captured the following agreements on IDLE mode operation in [2]: 
	Agreements for IDLE

1
In IDLE mode, UE performs cell selection and reselection on NR Cells.
2
Study how to derive a cell quality based on measurements.


Regarding measurement in NR, initial agreements were made by RAN1 [3, 4]:
	Agreements from [3]:
· For RRM measurement in NR, at least DL measurement is supported with the consideration on
· Both single-beam based operation and multi-beam based operation
· FFS: Definition of RRM measurement for multi-beam based operation
· FFS: DL signal for RRM measurement
· FFS: When DL measurement is applied
· Note that there is no conclusion that DL measurement is a complete solution for RRM measurement in NR for now

	Agreements from [3]:
· The following DL L1/L2 beam management procedures are supported within one or multiple TRPs:

· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)

· For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams

· For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams

· FFS: TRP Tx beam and UE Rx beam can be determined jointly or sequentially

· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)

· From  a possibly smaller set of beams for beam refinement than in P-1
· Note: P-2 can be a special case of P-1

· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming

	Agreements from [4]:

R1-1613287
WF on NR NW Initiated Beam Switching Intel, Ericsson 
Also supported by CATT

Agreements:
· NR to provide robustness against beam pair link blocking

· Study mechanisms to achieve the above purpose

· E.g., by enabling PDCCH/PDSCH monitoring with N beams

· E.g., N=1, 2, …

· E.g., TDM monitoring, simultaneous monitoring, etc.

· E.g., by enabling composite beams via e.g., SFBC and/or multi-stage control channel
· The examples are not intended to be exhaustive


According to agreements in RAN1, NR will consider DL measurement support on both multi-beam and single-beam based operations. Moreover, NR UE should perform beam management in order to provide robustness against beam pair link blocking. 
This contribution is to understand IDLE mode operation in NR considering the discussion during RAN2#95 and RAN1#86, and to make progress. 

2 DL control channel Monitoring
In order for an IDLE UE to select appropriate cell for camping, time/frequency synchronization, cell identification, and quality measurements are needed. 
In case of LTE, there are synchronization signals (PSS/SSS) for time and frequency synchronization, CRS for cell specific measurement (RSRP/RSRQ), and broadcast information (MIB/SIB) for cell capability identification. 
In case of NR, we should additionally consider beamforming aspects. NR multi-beam operation has constraints such as adopting beamforming to overcome path-loss in high frequency channels. Therefore, in order to cover the whole cell coverage area, it is necessary to transmit synchronization signals(SSs) and broadcast signals/channels(BCHs) including minimum system information (SI) using beam sweeping, at least in high frequency operation. Details of signal designs are RAN1 responsibilities and further optimizations are FFS. 
For NR single-beam based operation, the SSs and BCHs could be transmitted using the single beam, like LTE. This can be considered as a special case of multi-beam based operation.
Proposal 1: IDLE mode UE should monitor DL synchronization signals and broadcast signals/channels including minimum system information.
3 Cell (re)Selection

In order to compare and (re)select a cell for camping, NR IDLE mode operation needs cell reselection procedure and criteria. 
In case of LTE, the cell selection criteria(S criteria) are based on cell measurement results (RSRP, RSRQ), offset values, and power compensation. 

For beamforming based NR, we need to study for appropriate cell selection criteria consisting of cell specific measurement metric, offset values, and power compensation considering beamforming aspects.
Proposal 2: NR cell (re)selection criteria should be redefined considering beamforming aspects. 
4 Camping in a NR cell
From the discussions during RAN2#95 [1], we have an agreement that the UE camps on the best cell. Regarding beam tracking operation of the camped IDLE mode UE, we have discussed whether it is needed or not. 
Since one of the main purposes of the IDLE mode operation is for power saving, it is not recommended for an IDLE mode UE to perform continuous beam tracking which requires beam measurement/reporting/switching.
Observation 1: IDLE mode UE does not continuously perform beam tracking


However, the IDLE mode UE should be able to receive network paging messages in order to be connected again.
In order to receive paging, an LTE IDLE mode UE performs cell reselection, synchronization, TA check and update, and decoding PDCCH. 
In case of the multi-beam based NR system, the IDLE mode UE with multiple Rx beams should also perform cell reselection, synchronization, and additionally determine which UE beam to be used for PDCCH decoding and paging reception. Therefore, in order for a successful paging reception, IDLE mode UE should wake up before the paging occasion to measure and determine which DL Rx beam to be used for paging reception.
Proposal 3: In the multi-beam based NR system, IDLE mode UE wakes up before the paging occasion to perform beam management, i.e., beam measurement and UE Rx beam determination
5 Suitable Cell in NR
In LTE, a cell can be regarded as a suitable cell for a UE when the following requirements are met (see sub-cause 4.3 in 36.304 below). 

1)   PLMN check

2)   Operator specific barring 

3)   Forbidden TA check

4)   Minimum radio condition (i.e. S criteria)
	4.3
Service types in Idle Mode

*** skipped ***

suitable cell:

A "suitable cell" is a cell on which the UE may camp on to obtain normal service. The UE shall have a valid USIM and such a cell shall fulfil all the following requirements.

-
The cell is part of either: 

-
the selected PLMN, or: 
-
the registered PLMN, or:
-
a PLMN of the Equivalent PLMN list
-
For a CSG cell, the cell is a CSG member cell for the UE;
According to the latest information provided by NAS:

-
The cell is not barred, see subclause 5.3.1;

-
The cell is part of at least one TA that is not part of the list of "forbidden tracking areas for roaming" [6], which belongs to a PLMN that fulfils the first bullet above;

-
The cell selection criteria are fulfilled, see subclause 5.2.3.2;

If more than one PLMN identity is broadcast in the cell, the cell is considered to be part of all TAs with TAIs constructed from the PLMN identities and the TAC broadcast in the cell.


Our way-forward on minimum radio condition with cell selection criteria is already suggested in Section 3.

The LTE requirements except for cell selection criteria, i.e. PLMN check, operator specific barring and forbidden TA check would be still applicable to NR. Since PLMN check is an essential process to identify the operator(s) to which a user subscribes, it is also valid in NR. The operator specific barring and forbidden TA are still useful to the operator in the network management aspect. Thus there is no visible reason to exclude them in NR. If needed, the minor modification may be discussed. 

One question is which of level UE shall check the requirements in, i.e. cell-level, TRP-level or beam-level. At least, beam-level checking is not feasible since there could be lots of beams in a cell/TRP. And, assuming that intra-cell/intra-TRP mobility should be handled by low layer based mobility in NR, it is reasonable that the checking is performed in cell-level as in LTE. It means that UE shall check these requirements only once upon changing its serving cell.
Proposal 4: For suitable cell in NR, the following requirements applied in LTE are also considered:
· PLMN check,

· Operator specific barring and
· Forbidden TA check

6 Conclusion

Based on the above study, RAN2 is requested to discuss and if possible agree on the following proposals:
Observation 1: IDLE mode UE does not continuously perform beam tracking

Proposal 1: IDLE mode UE should monitor DL synchronization signals and broadcast signals/channels including minimum system information.
Proposal 2: NR cell (re)selection criteria should be redefined considering beamforming aspects. 
Proposal 3: In the multi-beam based NR system, IDLE mode UE wakes up before the paging occasion to perform beam management, i.e., beam measurement and UE Rx beam determination
Proposal 4: For suitable cell in NR, the following requirements applied in LTE are also considered:
· PLMN check,
· Operator specific barring and

· Forbidden TA check
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