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1 [bookmark: _GoBack]Introduction
For NR, support of multiple use cases and/or single-beam/multi-beam based deployments would impose additional requirements when designing NR mobility. This contribution discusses NR mobility in idle mode. NR mobility in connected mode is discussed in a companion contribution [1]. The agreements on NR mobility in idle mode were made at RAN1#86bis which is captured in following for reference:
	Agreements:
· Note: In this WF, IDLE mode refers to a UE state similar to LTE IDLE state, whose exact definition is up to RAN2
· Note: In this WF, CONNECTED mode refers to a UE state similar to LTE CONNECTED state, whose exact definition is up to RAN2
· Note: In this WF, cell refers to NR cell which is tied to a same ID carried by NR-SS.
· Detailed definition of NR cell FFS
· NR supports cell-level mobility based on DL cell-level measurement (e.g. RSRP for each cell) in IDLE mode UE
· Study the following DL signals for IDLE mode RRM measurement
· Option 1: Synchronization signal (e.g., NR-PSS, NR-SSS)
· Option 2: RS for demodulating broadcast channel
· Option 3: RS for mobility
· FFS if and how to associate the cell ID with this RS
· FFS this RS is for multi-beam and/or single-beam
· Option 4: Any combinations of above
· Other options are not precluded
· FFS: QCL definition for DL signal for IDLE mode RRM measurement
· FFS whether NR cell is defined only for “IDLE mode” or for both IDLE and CONNECTED mode



In addition, RAN2 made following agreements [2]:
Agreements for DL-based mobility in RRC_CONNECTED mode (optimized for data transmission, at least for network-controlled mobility) mobility with RRC involvement, concerning beams and the relation to the NR cell definition:

1. UE at least measures one or more individual beams and gNB should have mechanisms to consider those beams to perform HO. Note: This is necessary at least to trigger inter-gNB handovers and to optimize HO ping-pongs / HO failures.
–	FFS: whether UE report individual and/or combined quality of multiple beams

2. UE should be able to distinguish between the beams from its serving cell and beams from non-serving cells for RRM measurements in active mobility. UE should be able to determine if a beam is from its serving cell.
–	FFS whether serving/non serving cell may be termed 'serving/non serving set of beam)
–	FFS: whether the UE is informed via dedicated signalling or implicitly detected by the UE based on some broadcast signals.
-	FFS how the cell in connected relates to the cell in idle

3. 	Study how to derive a cell quality based on measurements from individual beams

4. 	In connected mode, intra-cell mobility can be handled by mobility without RRC involvement. 
-FFS whether there may be cases that do require RRC involvement.

5	UE should be able to identify a beam. FFS how beams are identified (to be defined by RAN1)

Agreement
1	For connected mode, cell level signal quality for RRM measurement can be derived from multiple beams, if multiple beams can be detected (this does not preclude RRM measurement made on a single beam)
FFS how to combine beam measurements to a cell level single quality

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.
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2 LTE RRC_IDLE state mobility
In LTE, after a UE has switched on and a PLMN has been selected, the cell selection process takes place. This process allows the UE to select a suitable cell where to camp on in order to access available services. The cell reselection procedure allows the UE to select a more suitable cell and camp on it. When camped on a cell, the UE regularly searches for a better cell according to the cell reselection criteria. Camping on a cell in idle mode enables; 1) the UE to receive system information, 2) the UE to establish an RRC connection, 3) the UE to receive paging message. (TS 36.304 [3])
From RAN1 perspective, time/frequency synchronisation, cell identification, and evaluating quality measurements are of interest for mobility support. For example, LTE PSS/SSS provide reference for time/frequency synchronisation as well as physical cell ID while CRS provides reference for DL RRM measurement (RSRP, RSRQ).
3 NR signals for IDLE mobility
One question is which signal should be transmitted to support NR UE mobility in idle mode. In consideration of LTE mobility functionality, the alternatives would be;
· Alt.1: Cell identification and measurement are based on same signal (e.g., NR-SS)
· Alt.2: Cell identification and measurement are based on separate signals (e.g., NR-SS + BRS)
From the functionality perspective, the NR-SS of Alt.1 can be seen as all-in-one signal while NR-SS/BRS of Alt.2 resembles LTE framework (i.e. PSS/SSS + CRS). 
For the purpose of accurate measurement, sufficient amount of measurement samples should be available either in time or in frequency. At the same time, NR design principles should be kept in mind to ensure forward compatibility, e.g., minimizing transmission of always-on signals and confining signals within a configurable/allocable time/frequency resource. LTE gives couple of examples for the transmission signal attributes which is summarized in Table 1.
Table 1: LTE DL physical signals for synchronization and measurements
	
	Transmission period
	Transmission bandwidth

	PSS/SSS
	5 ms
	1.08 MHz

	CRS
	1 ms
	entire system bandwidth

	CSI-RS
	5/10/20/40/80 ms
	entire system bandwidth

	DRS
	40/80/160 ms 
	entire system bandwidth


As for transmission period for NR measurement signal, shorter period would allow accurate measurement at the cost of resource overhead. On the other hand, longer period would provide more rooms for flexible multiplexing but cause latency increase. NR UEs with different bandwidth capabilities may be allowed to access different measurement signals or different portion of measurement signals. Also, the signal bandwidth for measurement would be related to the supported minimum bandwidth on the frequency band.
Proposal 1: Support the following NR signals for idle mobility;
· Sub-6GHz: Cell identification and measurement are based on same signal (e.g., NR-SS)
· Over-6GHz: Cell identification and measurement are based on separate signals (e.g., NR-SS + BRS)
For idle mobility, it would be preferable for NR to have at least comparable measurement performance with LTE (e.g., delay, accuracy). For example, in a specific LTE test scenario (TS36.133 [4]), the cell re-selection delay to an already detected cell should be less than 8 s (e.g., to perform measurement and evaluate re-selection criteria). 
It seems that NR multi-beam deployment scenario would introduce additional constraints, e.g., from beam sweeping operation. In these regards, the mobility framework could be separate/optimized according to whether it is based on single-beam or multi-beam deployment.
Proposal 2: Consider possibility of separate design for NR mobility not to compromise performance across various deployment scenarios.
Similar LTE, delivering physical cell ID on NR-SS enables NR UE to identify a cell and correspondingly to associate the measurement results to the identified cell. Further, NR physical cell ID may be structured in a hierarchical manner, e.g., ID group and ID (In LTE, 504 PCIDs = 168 Cell ID groups + 3 unique IDs), to facilitate UE detection process and/or to support ID group specific operation. 
4 NR measurement quantity for IDLE mobility
In LTE, the measurement quantity applicable for RRC_IDLE includes RSRP and RSRQ. For example, the RSRP definition is shown in Table 2. The RSRP is associated with a cell such that UE can make a comparison per cell basis. 
Table 2: LTE reference signal received power (RSRP) (TS 36.214 [5])
	Definition
	Reference signal received power (RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry cell-specific reference signals within the considered measurement frequency bandwidth.
For RSRP determination the cell-specific reference signals R0 according to TS 36.211 [3] shall be used. If the UE can reliably detect that R1 is available it may use R1 in addition to R0 to determine RSRP.
…
 

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,
RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency


In case of NR multi-beam deployment, depending on the type of RS utilized for mobility and its feasibility, the measurement can also be performed per beam, but the idle mode measurement quantity can be defined per cell, e.g., by defining a function to derive a single quantity out of the multi-beam measurements. For example, assuming that NR system supports maximum X signals for idle mobility, UE may make use of x (x≤X) signals for deriving RSRP per cell, e.g., taking average/filtering of x signal measurements associated with the same cell. In this case, ping-pong effect across neighbouring cell would be reduced. In our view, NR multi-beam deployment could also include a scenario of SFN transmission from multiple TRPs as well as the beam sweeping scenario. In this SFN scenario, the cell-specific RSRP is measured from the idle-mobility measurement signal in the cell.
For NR single-beam deployment, the measurement quantity is quite similar with that of LTE. It can be considered as a special case of multi-beam deployment with x=1.
Proposal 3: For multi-beam deployment, idle mode measurement quantity (e.g., cell-specific RSRP) is derived according to the following cases
· Case-1 (multiple beams representing the same cell cannot be distinguished, e.g., SFN transmissions from multiple TRPs): the cell-specific RSRP is measured from the idle-mobility measurement signal in the cell
· Case-2 (multiple beams representing the same cell can be distinguished, e.g., beam sweeping): the cell-specific RSRP is defined as a function of multi-beam measurement quantities derived from the idle-mobility measurement signal(s) in the cell
5 Conclusions
This contribution discussed NR mobility in idle mode and proposes the following:
Proposal 1: Support the following NR signals for idle mobility;
· Sub-6GHz: Cell identification and measurement are based on same signal (e.g., NR-SS)
· Over-6GHz: Cell identification and measurement are based on separate signal (e.g., NR-SS + BRS)
Proposal 2: Consider possibility of separate design for NR mobility not to compromise performance across various deployment scenarios.
Proposal 3: For multi-beam deployment, idle mode measurement quantity (e.g., cell-specific RSRP) is derived according to the following cases
· Case-1 (multiple beams representing the same cell cannot be distinguished, e.g., SFN transmissions from multiple TRPs): the cell-specific RSRP is measured from the idle-mobility measurement signal in the cell
· Case-2 (multiple beams representing the same cell can be distinguished, e.g., beam sweeping): the cell-specific RSRP is defined as a function of multi-beam measurement quantities derived from the idle-mobility measurement signal(s) in the cell
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