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1 1	Introduction

Following agreements were made in RAN2#95bis:
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.

Agreements in RAN1#86

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

Agreements:
· PSS, SSS and/or PBCH can be transmitted within a ‘SS block’
· FFS: details how to compose PSS, SSS and/or PBCH
· Multiplexing other signals are not precluded within a ‘SS block’
· One or multiple ‘SS block(s)’ compose an ‘SS burst’
· FFS: Number of ‘SS block(s)’ (defined as duration of ‘SS burst’)
· FFS: whether or not ‘SS block(s)’ are consecutive
· FFS: whether or not ‘SS block(s)’ within a ‘SS burst’ are the same
· One or multiple ‘SS burst(s)’ compose a ‘SS burst set’
· FFS: Periodicity and the number of ‘SS burst’ within a SS burst set
· Number of SS bursts within a SS burst set is finite.
· FFS: Transmission instances of ‘SS burst set’ 
· E.g., periodic/aperiodic transmission of SS burst sets.


In this contribution we discuss IDLE/INACTIVE mode measurements in NR taking in to account the RAN1 and RAN2 agreements. We propose a way for using NR Synchronization Signal (NR-SS) for measurements propose how to use the measurements for deriving cell quality 
2 Downlink Signals for Measurements in NR
[bookmark: _GoBack]In a related contribution in RAN1 (R1-1612811) discussing the potential signals for downlink measurements in NR, following signals were identified based on the discussion of initial access procedure and also agreed in RAN1#86 to be studied for CONNECTED MODE:
· NR-SS. NR-Synchronization Signal. Indicates a presence of a cell and encodes a cell identity (e.g. NR-PSS+NR-SSS). May be used for NR RRM measurements.
· NR-PBCH DM-RS. Reference signals for demodulating the physical broadcast channel.
· Periodical Cell Specific Beam Reference Signals. Periodical reference signals that can be used to identify and measure different beams of different cells. May be used for NR RRM measurements.
The first two signals are considered to be “beam agnostic” meaning that UE would not need to have knowledge of individual or does not need to detect individual beams of a cell to be able to receive and measure these signals.  In other words whether the cell operates in single beam or in multi beam mode would not be visible to UE. Ideally UE would be able to decode at least some part if not all of the of the essential and minimum system information without beam level measurements. 

2.1 Sweeping of NR-SS/NR-PBCH in NR
To aid the discussion of IDLE/INACTIVE mode measurements we provide brief illustration of our view how the SS-block carries the synchronization signal (and or additional information such as PBCH). RAN1 refers currently the sweeping of SS-blocks in one instance as SS-burst. Sweeping through the SS-bursts is considered as SS-burst set. Sweeping is also discussed in our previous contribution (R2-166163)
A cell area may be covered by multiple beams in a time domain sweep through different set of beams. Only a subset of the beams needed to cover a cell may be active, and these active beams are used to transmit the NR-SS (+PBCH). Since the NR-SS is cell specific, all the active beams in a SS-block transmit the same NR-SS. From UE perspective this transmission is seen as single beam transmission in the sense that individual beams are not visible/detectable. Different SS-blocks can be identified by UE e.g. explicit signal indicating SS-block ID or UE can determine different blocks based on the timing in the SS burst set. While the figure 1 illustrated a multi beam operation mode where the number of simultaneous active beams is much less than the total number of beam in a cell, similar principles apply also for single beam operation in lower frequencies. In very large cells covered by multiple TRPs, the number of TRPs transmitting NR-SS simultaneously may be limited and time domain sweeping is used.


Figure 1. Illustration of a SS-block, SS-burst and SS-burst set
3	Idle/Inactive Mode Measurements

3.1 Inter-cell and Intra-cell re-selection
In addition to defining the measurements for cell selection and reselection in NR, also the intra-cell “SS-block selection” needs to be discussed and defined. As a cell may be covered by multiple TRPs (each TRP having one or multiple beams) UE may move in cell from coverage of one TRP to another. However from the measurements perspective UE does not identify different TRPs as the deployment should transparent to UE, but only downlink signals that are transmitted by TRPs in a cell potentially during different time instances.

3.2 Considerations on Paging
In LTE UE re-selects typically the strongest/highest quality cell to ensure reliable reception of paging. In NR the cell re-selection measurements should ensure that UE would be camping in a strongest detected cell but should also ensure that UE selects on the strongest measured SS-block in a selected cell. 
In IDLE/INACTIVE mode UE needs to be reachable by the network i.e. it needs to monitor downlink for paging on predetermined occasions. Although paging mechanisms are yet to be defined for NR it is a fair assumption that a tracking area would be sufficiently large e.g. at least a size of a cell (typically much larger) to avoid too frequent location updates. To page UE in a cell/tracking area network would need to repeat the paging message in similar manner as NR-SS (+PBCH) throughout the cell using sweeping with set of active beams. Whether a beam sweeping is used to transmit scheduling of paging channel (using P-RNTI) on NR DL-SCH or e.g. contains the paging record in similar manner as e.g. information in PBCH is transmitted the individual beams would not be visible to UE as the same information/channels/signals are sent in parallel using the set of beams in a SS-block. Same signals of individual beams would be combined by UE and thus seen as single beam transmission. 

3.3 Measurements on NR -Synchronization Signal 
NR-Synchronization Signal is indicating a presence of a cell and carries a cell identifier. This is the first signal UE detects when it performs (neighbour) cell search and used also to determine that it is under a coverage of a cell selected for camping. Fair assumption is that the NR-SS would have predictable and relatively short periodicity for initial access purposes and cell detection purposes. 
Also NR-SS should be measurable without knowledge of single/multi beam operation mode of a cell which would make it a good candidate to consider for measurements. UE would not need to decode any additional (beam level) information of a neighbour cell to perform re-selection measurements perform quality evaluation against the currently selected cell. Although UE may have obtained beam level information of the current cell it is camping it would not need to perform any beam level measurements but use the NR-SS for determining the cell quality value and in addition determine which SS-block provides the strongest signal; It is highly likely that the strongest SS-block correlates with the quality of paging broadcast reception. 
It would be fair assumption that network would not know the UE location on beam level in IDLE/INACTIVE mode thus it is not able to page a UE using specific beam. Thus obtaining beam level information of a cell provides little benefit as location update would be done at tracking area level. In case UE location would be known at beam level it would increase the uplink signalling by tremendous amount.

Observation 1: Using NR-SS for determining cell quality measurements could simplify IDLE/INACTIVE mobility measurements as UE location does not need to be known at beam level.
Proposal 1: Consider the use of NR synchronization signal for NR cell measurements in IDLE/INACTIVE mode
 NOTE: The potential requirements that would be imposed for the NR-SS signal design are FFS.
3.4 Deriving Cell Quality on Synchronization signal
In a contribution discussing the CONNECTED mode measurements we provided a proposal for measurement model for beam based system which support intra-cell and inter-cell measurements. In similar manner when using NR-SS UE should be performing intra-cell measurements to determine quality of different sweep instances in a current cell, calculate the camped cell quality value out of potential SS-blocks, and do the same for neighbour cells.
To perform reliable quality values and prevent too frequent re-selections the key principles of LTE measurements could be reused such as higher layer filtering of L1 measurement samples, Time-to-Trigger, threshold values with respective offsets/hysteresis.
Figure 2 proposes the measurement model to derive the IDLE/INACTIVE cell quality based on measurements on NR-SS. The used measure may be is e.g. RSRP. Similar model is also proposed for beam level measurements in the connected mode in our companion contribution [2]. 
SS-block Quality / Selection
· NR-SS measurement of on individual SS-block (L1 samples)
· Layer 2 filtering (e.g. moving average) is applied per L1 sample per SS-block to determine SS-block quality. L2 filtering is performed at the MAC layer. The purpose of L2 filter is to stabilize the measurements so that the SS-block selection and cell quality derivation is done on stable measurement results. Filter parameters are configured by network.
· In case of intra-cell measurement:
· UE selects the e.g. the strongest SS-block based on the filtered measurements and performs SSs- block selection.
· Same filtered samples are provided to selection function which determines the current cell quality UE is camping.
· In case of inter-cell measurement:
· L2 filtering is applied for the SS-block measurements but in case of inter cell measurements only cell quality is evaluated.

Cell Quality for Re-selection 
· Selection function is run on provided SS-block measurements to determine the cell quality value
· Select the highest filtered SS-block quality value to represent the cell quality, apply further network configured filtering to derive cell level quality for L3 evaluation of a re-selection criteria
To determine whether to trigger selection of a SS-block in a current cell or re-select to a new cell could be determined by TTT and threshold methods. To react to changes in the current cell faster, e.g. shorter TTT value could be used for intra-cell/SS-block selection and longer TTT for cell re-selection. 
Two stages of filtering provides network means to configure UE behaviour in IDLE/INACTIVE mode when selecting SS-block / re-selecting a cell.


Figure 2 Measurement Model for IDLE/INACTIVE mode in NR
Proposal 2: Determine cell quality in IDLE/INACTIVE mode on NR-SS measurements per SS-block and selecting the highest L2 filtered measurement value to represent a cell quality value. Cell quality is obtained by further filtering with L3 filter.
NOTE: The measure of quality e.g. RSRP/RSRQ of NR-SS is FFS.
4	Conclusions
Observation 1: Using NR-SS for determining cell quality measurements could simplify IDLE/INACTIVE mobility measurements as UE location does not need to be known at beam level.
Proposal 1: Consider the use of NR synchronization signal for NR cell measurements in IDLE/INACTIVE mode
NOTE: The potential requirements that would be imposed for the NR-SS signal design are FFS.
Proposal 2: Determine cell quality in IDLE/INACTIVE mode on NR-SS measurements per SS-block and selecting the highest L2 filtered measurement value to represent a cell quality value. Cell quality is obtained by further filtering with L3 filter.
NOTE: The measure of quality e.g. RSRP/RSRQ of NR-SS is FFS.
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