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1 Introduction

In the RAN1 adhoc and RAN1-88 meeting, some of agreements have been made about IDLE RS measurement, as listed below:
Agreements
- RSRP(s) can be measured from the IDLE mode RS.


> One RSRP value is measured from the IDLE mode RS per SS block.

FFS: UE measures one RSRP value from multiple SS blocks in an SS burst set.


> The measured values are referred to “SS-block-RSRP”.

It is RAN1’s understanding that “SS-block-RSRP” may correspond to the “beam quality” in RAN2 agreements in multi-beam case, at least in IDLE mode.
Agreements:

•
The maximum number of SS-blocks, L, within SS burst set may be carrier frequency dependent
–
For frequency range category #A (e.g., 0 ~ 6 GHz), the number  (L) is TBD within L ≤ [16]

–
For frequency range category #B (e.g., 6 ~ 60GHz), the number is TBD within L ≤ [128]

–
FFS: L for additional frequency range category

•
The position(s) of actual transmitted SS-blocks can be informed for helping CONNECTED/IDLE mode measurement, for helping CONNECTED mode UE to receive DL data/control in unused SS-blocks and potentially for helping IDLE mode UE to receive DL data/control in unused SS-blocks

–
FFS whether this information is available only in CONNECTED mode or in both modes

–
FFS how to signal the position(s)

Agreements:

•
For initial cell selection for NR cell, UE assume the following default SS burst set periodicity
−
For carrier frequency range category #A : TBD among 10, 20 ms
−
E.g. range for #A (0 ~ 6 GHz)

−
For carrier frequency range category #B : TBD among 10, 20 ms
−
E.g. range for #B (6 GHz ~ 60 GHz )

−
Down-selection will consider the SS block dimensions, initial access latency, power consumption, detection performance aspects into account. Other considerations are not precluded.

−
Note that this does not preclude further sub-categorization of frequency ranges. And additional frequency sub-ranges defined shall support a single default SS burst set periodicity, value selected between 10, 20 ms

−
Note that this does not preclude additional categorization of frequency ranges not covered by #A and #B. SS burst set periodicity for potential additional frequency ranges is FFS

−
RAN4 will determine the exact values of frequency ranges

−
The exact frequency ranges for category #A and #B is subject to further discussion in RAN1 and RAN1 will provide input to RAN4 to finalize the exact values. 

−
Note that UE is not expected to detect cell that do not conform to the default SS burst set periodicity

−
RAN1 will definitely down select the values from 10, 20 ms in the next meeting
In this contribution, we will further discuss the measurement for UE in IDLE and INACTIVE state.
2 Discussion 
2.1 IDLE RS Sweeping NR
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Fig. 1 SS burst set period
As shown in figure1, an area of a cell may be covered by multiple beams in time domain sweeping according to the SS set periodicity and SS burst patterns. RAN1 has agreed that a SS burst consists of one or more SS blocks and one SS set period consists in one or more SS bursts. In each SS block, NR-SS and PBCH for the related beam(s) are transmitted. The UE L1 performs beam level RSRP measurement per SS block. To track the best N beams in one cell as agreed by RAN2, a UE has to perform beam search and measurement on all the SS blocks in one SS periodicity.
Observation 1: To track the best N beam in one cell, a UE has to perform beam search and measurement on all the SS blocks in one SS period.
2.2 Measurement skipping 
In LTE, there measurement skipping rules to reduce the power consumption in RRC_IDLE, for example threshold S-intra search is used to prevent measurement on intra-frequency neighbour cell measurements, and the threshold S-non-intra search is used to prevent the inter frequency measurement on low or equal priority carrier. In NR, the measurement for multi-beam deployments will consume more power than LTE as mentioned in observation 1, so measurement skipping rules should also be considered to reduce the power consumption for IDLE UE. For example, when the cell quality is below S-intra search, the UE needs to perform measurement on all SS blocks for camped cell and intra neighbour frequency cell to find best N beam and perform cell reselection evaluation, while when the cell quality is above S- intra search, the UE is not required to measure neighbour cells. 
Proposal 1: Support measurement skipping rules (for example S-intra search and S-non intra search) for NR.

When the cell quality is above S-intra search, unlike for LTE, there may still be many beams to be measured by the UE as shown in figure1. In principle, the UE needs to monitor all the SS bursts in a SS period to track best N beams in the cell and derive the cell quality. The SS period may be 10ms or 20ms so the time interval between two consecutive SS burst will be less than 10ms or 20ms. It is difficult for the UE to shut down the RF chain during the time interval between two SS bursts due to the ramp up time of the RF chain. This means the UE will remain active at least duringa whole SS period as shown in figure2. 
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Fig. 2 required DRX on duration for IDLE UE
This will introduce considerable power consumption especially for the UE configured with relative small DRX cycle (for example 320ms or even small). Similar as measurement skipping rules for inter-cell measurement, we can consider some intra-cell measurement skipping rules to reduce the required measurement on all the SS bursts in one SS set periodicity. For example, UE is not required to measure all the SS bursts when some pre-defined rules are met.

Proposal 2: Discuss the need for intra-cell measurement skipping rules.
2.3 Cell quality derivation for cell reselection 

In RAN2#97 meeting, it was agreed that the cell quality can be derived from N beast beams as below: 
Agreements

1
For cell reselection, cell quality can be derived from N best beams where value of N can be configured to 1 or more than 1. 

FFS: Details of filtering to be applied (e.g. for the case N=1, the best beam is filtered by a single filter as the best beam changes)

FFS: Whether to only consider beams above a threshold ('good' beams)

As discussed for cell derivation for RRC_CONNECTED in [1], when performing measurement, the UE may detect multiple beams of the measured cell and the detected beams may have quite different signal quality. Some beams of the N best beams may be very poor and are not suitable for camping. A threshold could be used to filter the bad beams from the N best beams, so that the beams used for cell quality derivation could be the beams which are suitable for the UE to camp. The threshold can be configured by the network from system information. For the best N beams above the threshold, the simple way is to support linear power averaging method to derive cell quality from multiple beams.
Proposal 3: For cell quality derivation from multiple beams, only beams above a configured threshold are considered
Proposal 3b: Support linear power averaging method to derive cell quality from multiple beams.

For the UE in RRC_IDLE, the number N and threshold for good beams need to be informed to UE in the SIB controlling cell reselection, for example SIB3 in LTE. However, for the cell reselection, we also need the cell quality derivation to evaluate whether the cell is suitable for camping. If we use the same principle to derive cell quality for cell selection, the parameter of N and threshold need to be informed to UE in the SIB controlling cell selection, in this case, we don’t need to duplicate the parameters in SIB controlling cell reselection to UE for cell reselection.

Proposal 4: apply the same rule of cell quality derivation for cell reselection to cell selection, and provide the requireed parameters (N and threshold) in the SIB controlling cell selection.
2.4 Measurement filtering 
In LTE, there has not any addition requirement on L1/L3 filtering mechanism for RRC_IDLE cell reselection/selection, except for:

The UE shall filter the RSRP and RSRQ measurements of the serving cell using at least 2 measurements. Within the set of measurements used for the filtering, at least two measurements shall be spaced by, at least DRX cycle/2.

In NR, to find the best N beams for cell derivation, the UE L1 needs to evaluate all the detected beams and L3 perform filtering on each beam to generate beam level quality and based on the filtered resulted to select the best N beams. This is similar as we do for RRC_CONNECTED. For the filtering in RRC_IDLE, RAN2 could consider the two following choices:
Option 1: Follow the same rule as LTE that it is no need to define exact measurement filtering mode for RRC_IDLE UE. 
Option 2: Define the measurement filtering method similar to the measurement filtering method for RRC_CONNECTED.
Proposal 4: discuss whether we need to define exact measurement filtering mode for RRC_IDLE UE 
3 Conclusion
In this contribution, we discussed the measurement for IDLE UE, and propose:

Observation 1: To track the best N beam in one cell, a UE has to perform beam search and measurement on all the SS blocks in one SS periodicity.

Proposal 1: Support measurement skipping rules (for example S-intra search and S-non intra search) for NR.
Proposal 2: discuss the need for intra-cell measurement skipping rules.
Proposal 3: For cell quality derivation from multiple beams, only beams above a configured threshold are considered
Proposal 3b: Support linear power averaging method to derive cell quality from multiple beams.

Proposal 4: apply the same rule of cell quality derivation for cell reselection to cell selection, and provide the required parameters (N and threshold) in the SIB controlling cell selection.
Proposal 5: discuss whether we need to define exact measurement filtering mode for IDLE UE.
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