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1      Introduction

At RAN2#95, RAN2 understands the following RAN1 agreement. 
· 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

Also RAN2 agrees that in the NR system, the UE camps on the best cell (FFS how the UE determines the best cell). 
At RAN2#95bis, the following agreements were made for the idle mode. 

· In IDLE mode, UE performs cell selection and reselection on NR Cells.
· Study how to derive a cell quality based on measurements.
At RAN2#96, some further agreements were made regarding DL RRM measurements and mobility procedures (i.e. handover) for the connected active UE. However there was no discussion or decision regarding DL RRM measurements and mobility procedure (i.e. cell reselection) for the idle or inactive UE. 

In this contribution, we would like to have further discussion on cell reselection procedure and measurement for idle and inactive state. 
2      Discussion
LTE Cell reselection
LTE cell reselection for the idle mode is specified in [1]. In general the UE follows the following high-level steps. 
· Step1: cell detection on neighboring cells, measurements and evaluation
> Measurement rule for the idle UE power efficiency

> Frequency selection depending on priority and interested service

> Checking minimum cell selection criterion (S criterion)

> Ranking candidate cells (R criterion)

> Not only measured results but also network configured parameters are considered in best cell determination 
· Step2: selection of target candidate cell (best cell)
· Step3: acquisition of essential system information

> Checking suitability of the cell

· Step4: camping on the target cell
Cell detection is done based on PSS and SSS. Measurements on the serving cell and neighboring cells are done based on CRS. Some measurement rules for power efficiency (i.e. if serving cell’s radio condition is better than the threshold, the UE may skip measurements on neighboring cells) are also specified. Frequency selection is done based on the priority and the UE’s interested service. Once measurements are done, the UE checks if the measured cell meets the minimum radio condition for cell selection (S criterion) and ranks candidate cells that meets S criterion in order to select the best cell (R criterion). The best cell is not based on pure measured results. Depending on the operator’s network deployment strategy, different priorities and offsets can be applied for the measured frequency and cell. Once selection of the target candidate cell (best cell), the UE reads essential system information from that cell to check suitability (e.g. PLMN, cell barring status, etc.). If the cell is suitable, the UE reselects to that cell. 
NR Cell reselection
At RAN2#95, it was agreed that L2 functions and RRC in LTE is used as a baseline for NR radio protocol design. Although we may need to take the new NR characteristics into account in details, we think the high-level cell reselection principles explained in the above are inherited from LTE. Note RAN1’s listed candidate DL signals for idle mode RRM measurement quite wide at the moment (i.e. NR synchronization signal or DMRS or mobility RS), so depending on the conclusion some steps can be overlapped, e.g. if measurements is done based NR synchronization signal, cell detection and measurements may be done together. 
[Proposal1]: RAN2 is asked to agree with the following high-level principles for NR cell reselection.
· Step1: cell detection on neighboring cells, measurements and evaluation

> Measurement rule for the idle UE power efficiency

> Frequency selection depending on priority and interested service

> Checking minimum cell selection criterion (S criterion)

> Ranking candidate cells (R criterion)

> Not only measured results but also network configured parameters are considered in best cell determination 
· Step2: selection of target candidate cell 

· Step3: acquisition of essential system information

> Checking suitability of the cell

· Step4: camping on the target cell
At RAN1#86bis, the basic frame of NR PSS, SSS and PBCH transmissions was agreed as follow [2]. We assume if mobility RS is used for idle mode RRM measurements, it will be also applicable for the same manner. 
· 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.

Figure1 shows the example of how to transmit NR PSS, SSS and PBCH with narrow beams, e.g. > 6 GHz [3].
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Figure1. Example of transmission of synchronization signal with narrow beams, e.g. > 6GHz.
In narrow beam-based transmission for the high frequency band (e.g. > 6HGz), each synchronization signal (SS) block within SS burst series has the same signal but transmitted by a different beam and as a consequence any measurement made on the SS block would be also different and regular beam pattern may be repeated in each SS burst series. With the assumption, there would be several ways to derive a cell level measured value. 

· Option1: Cell level measured value is equivalent to the best measured beam (i.e. best beam option)
· Option2: Cell level measured value is derived from the multiple measured beams (i.e. N best beams or all detected beams or beams above a threshold options)
Option1 sounds simple but as shown in [4][5], large fluctuations of the measured signal are observed and it may cause unnecessary measurements on the neighboring cells and cell reselections, which is not good for the idle mode UE power efficiency. Also option2 is quite aligned with the following RAN2 agreement for the connected mode [4]. 
“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.” 
[Proposal2]: In multi-beam synchronization signal transmission, cell level measured value is derived from the multiple measured beams for idle mode RRM measurements (i.e. N best beams or all detected beams or beams above a threshold options). 
With the proposal2, it is questioned how the measurement model looks like and what information should be exchanged between L1 and L3. We assume two possible alternatives as follow. 
· Measurement model A: L1 performs measurements for each beam, averaging detected beams (possibly with the detected beams that meet some performance requirement) and informs the averaged value with the associated cell id to L3. L3 considers it as cell level measured value and uses it in measurement evaluation. 
· Measurement model B: L1 performs measurements for each beam and informs the each measured result with the associated beam id and cell id. L3 performs averaging of received beams, derives cell level measured value and uses it in measurement evaluation. 
From L3 point of view, Measurement model A sounds simple. However considering number of beams and minimum radio threshold in deriving cell level measured value can be different per cell, Measurement model A may not be flexible enough. However with Measurement mode B, it may introduce the increase of the length of synchronization signal since it contains not only cell id information but also beam id information. Some may argue that feasibility should be carefully studied in RAN1. 
[Proposal3]: In multi-beam synchronization signal transmission, RAN2 is asked to discuss the following two measurement models and to send LS to RAN1 for asking their view if needed.

· Measurement model A: L1 performs measurements for each beam, averaging detected beams (possibly with the detected beams that meet some performance requirement) and informs the averaged value with the associated cell id to L3. L3 considers it as cell level measured value and uses it in measurement evaluation. 
· Measurement model B: L1 performs measurements for each beam and informs the each measured result with the associated beam id and cell id. L3 performs averaging received beams, derives cell level measured value and uses it in measurement evaluation.  
3      Conclusions

We saw how LTE cell reselection is done and what should be taken into account for NR cell reselection including narrow beam-based SR transmission. As a result, we made the following proposals. 
[Proposal1]: RAN2 is asked to agree with the following high-level principles for NR cell reselection.

· Step1: cell detection on neighboring cells, measurements and evaluation

> Measurement rule for the idle UE power efficiency

> Frequency selection depending on priority and interested service

> Checking minimum cell selection criterion (S criterion)

> Ranking candidate cells (R criterion)

> Not only measured results but also network configured parameters are considered in best cell determination 
· Step2: selection of target candidate cell 

· Step3: acquisition of essential system information

> Checking suitability of the cell

· Step4: camping on the target cell
[Proposal2]: In multi-beam synchronization signal transmission, cell level measured value is derived from the multiple measured beams for idle mode RRM measurements (i.e. N best beams or all detected beams or beams above a threshold options).
[Proposal3]: In multi-beam synchronization signal transmission, RAN2 is asked to discuss the following two measurement models and to send LS to RAN1 for asking their view if needed.

· Measurement model A: L1 performs measurements for each beam, averaging detected beams (possibly with the detected beams that meet some performance requirement) and informs the averaged value with the associated cell id to L3. L3 considers it as cell level measured value and uses it in measurement evaluation. 
· Measurement model B: L1 performs measurements for each beam and informs the each measured result with the associated beam id and cell id. L3 performs averaging received beams, derives cell level measured value and uses it in measurement evaluation. 
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