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1 Introduction
This document discuss the relaxation/adaption of RRM measurements aiming to reduce UE power consumption and taking into consideration the following aspects captured on RAN1#94bis agreements:
· RRM power saving study should consider RRC IDLE, INACTIVE and CONNECTED states.

· Relaxing/adapting the number of RRM measurements in time domain for serving cell and neighbor cells based on certain conditions, e.g., number of SSB/CSI-RS/measurement occasions.

· Relaxing/adapting the number of measured cells/frequencies for neighbor cells based on different conditions 

· Schemes considered should disclose the mechanism used to determine the mobility/speed assumed

· FFS conditions, e.g., channel condition, UE location, UE speed, measurement configuration, measurement results, cell type, etc.

· FFS impact on measurement/mobility performance

· Relaxed/adapting measurement report (if any)

· Other solutions are not precluded.

· Focus on stationary (e.g., 0km/h), pedestrian (e.g., 3km/h) and vehicular (e.g., 30km/h) scenarios for further studies when considering UE power saving techniques for RRM measurements,
2. Discussion
2.1 Mobility related enhancements 
Rel-15 NR defines three mobility states for UEs in RRC_IDLE and RRC_INACTIVE states: “High-mobility”, “Medium-mobility”, and “Normal-mobility” state [2]. For UEs in High- or Medium- mobility states, UE shall apply the speed dependent scaling rule to cell reselection related parameters aiming to minimize the UE's consumed power. In our understanding, UE's power consumption can be further reduced if two new states were defined "Stationary-mobility state" and “Very_High-mobility state", as explained on [3]. This discussion address stationary-mobility scenario following the guidance of RAN1#94bis agreements.
· "Stationary-mobility state" which may also be referred as "No-mobility state" or "Low-mobility state". For this new state, the measurement results might be similar for a rather long period and hence a corresponding scaling rule could be defined to allow UE perform measurement less frequently or even skip certain number of measurement(s).
Proposal 1:

· To define a new "stationary-mobility state" for NR UEs (i.e. UEs with no mobility or very low mobility).
The UE may determine whether is in this new "Stationary-mobility state" by evaluating how fast the signal change in a serving cell or beam taking potentially into consideration the network deployment, and the UE's characteristics. RAN1 should discuss the following options:
Option 1. Variable configuration: Threshold values can be defined for the UE to determine whether it is in stationary mobility state (or no-mobility state or low mobility state).  The value of threshold could be defined in the specification or provided by the network to the UE. For example, if a UE performs less than certain number of cell reselections during certain period of time period 

Option 2. Fixed configuration: The stationary or no mobility information is a fixed configuration of the UE which could be known e.g. via subscription, capabilities (e.g. at AS or NAS level), device type. 

Option 3. UE feedback approach: whether a UE is or not stationary might be known by the UE via a non-3GPP mechanism e.g via GPS, and this information could be shared with the network. 

Proposal 2:

· To discuss how to determine if an NR UE is in "stationary-mobility state" considering
· Option 1: Variable configuration (i.e. the number of cell reselection being less than certain threshold over certain time)
· Option 2: Fixed configuration (i.e. UE's subscription or capabilities)
· Option 3: UE's feedback approach (i.e. UE's input based on no-3GPP system).
An NR UE is in "stationary-mobility state" could relax its RRM measurements by skipping certain number of measurements for a given cell or frequencies.  New scaling factors could be defined for these UEs as follow:
5.2.4.3.1    Scaling rules

UE shall apply the following scaling rules:

-    If neither Medium- nor High-mobility nor Low-mobile state is detected:

-    no scaling is applied.

-    If High-mobility state is detected:

-    Add the sf-High of "Speed dependent ScalingFactor for Qhyst” to Qhyst if broadcasted in system information

-    For NR cells, multiply TreselectionNR by the sf-High of "Speed dependent ScalingFactor for TreselectionNR” if broadcasted in system information

-    For EUTRA cells, multiply TreselectionEUTRA by the sf-High of "Speed dependent ScalingFactor for TreselectionEUTRA” if broadcasted in system information

-    If Medium-mobility state is detected:

-    Add the sf-Medium of "Speed dependent ScalingFactor for Qhyst" to Qhyst if broadcasted in system information;

-    For NR cells, multiply TreselectionNR by the sf-Medium of "Speed dependent ScalingFactor for TreselectionNR" if broadcasted in system information

-    For EUTRA cells, multiply TreselectionEUTRA by the sf-Medium of "Speed dependent ScalingFactor for TreselectionEUTRA" if broadcasted in system information

-    If low-mobility state is detected:

-    Add the sf-Low of "Speed dependent ScalingFactor for Qhyst" to Qhyst if broadcasted in system information;

-    For NR cells, multiply TreselectionNR by the sf-Low of "Speed dependent ScalingFactor for TreselectionNR" if broadcasted in system information

-    For EUTRA cells, multiply TreselectionEUTRA by the sf-Low of "Speed dependent ScalingFactor for TreselectionEUTRA" if broadcasted in system information

Depending on how the skip of the measurements is defined, different options could also be considered.

Option a. Delay measurement acquisition. The time required for a UE to acquire a valid measurement could be delayed due to the skip within the measurement period.

Option b. Skip samples. The time required for a UE to acquire a valid measurement is the same but UE can skip certain samples in the measurement period.

Option c. New SMTC configuration. UE is provided with different SMTC (SS/PBCH block measurement timing configuration) configuration in order to delay the instances when UE takes the samples for its measurements.

Proposal 3:

· To enable the relaxation/adaption of RRM measurements for NR UEs in "stationary-mobility state", the following options should be further studied:
· Option a: Delay measurement acquisition
· Option b: Skip samples and option
· Option c: New SMTC configuration.
UE may also save power consumption if the network configures the UE with the optimum settings based on its conditions. Therefore it is foreseen benefitial if UE could also provide its mobitliy state information to the network. In LTE, similar mechanism has been defined in and it is also foreseen benefitial for NR. In addition, it is helpful that UE reports mobility history information of the last visited cells, as well as, those cells that UE did not reselect due to the ping-pong effect (as shown in [2], "UE shall not consider consecutive reselections where a cell is reselected again right after one reselection for mobility state detection criteria").

For any of the options discussed above, UE could report its mobility state information to the network. Moreover if more detailed information were available (e.g. actual UE's speed or coordates), this could also be provided.

Proposal 4:

· A UE in RRC_CONNECTED can report mobility related information (e.g. including history of mobility state, UE's visited cells and cells not reselected due to the ping-pong effect) to the network. Details FFS.
UEs in RRC_CONNECTED could also benefit for the mobility state information, if the network could configure a UE efficiently with measurement objects (MO) based on its current condition. For example, if the UE's mobility state were tracked by the network, the network could use dedicated signaling to (de)activate the appropriate MO (assuming that corresponding MO were previously configured). 
Proposal 5:

· To enable the activated or deactivated of a configured measurement objects (MO) based on its current mobility state. Details on the condition FFS.
2.2 Enhancements on RRC transitions

A Rel-15 NR UE in RRC_CONNECTED needs to receive RRC Release message to enter into RRC_IDLE or RRC_INACTIVE. This action is controlled by the network; e.g. the network may keep UE in RRC_CONNECTED longer in case future DL or UL traffic may come. This may lead into higher UE's power consumption as even though UE uses C-DRX, it still might need to perform and report connected mode measurements, and handover events may be triggered with its corresponding signaling. Therefore it is foreseen benefitial to enable mechanism for efficient RRC state transitions e.g. introducing some of UE's indication or timer based approach. Moreover when a UE enters into RRC_INACTIVE signaling is already optimized therefore if UE were to become RRC_CONNECTED relatevilly soon might not be as harm than for RRC_IDLE. 

Proposal 6:

· Study mechanism to enable efficient UE's transmission from RRC_CONNECTED into RRC_INACTIVE, and potentially even into RRC_IDLE.
3. Conclusion 
The above discussion is summarized with the following proposals:
Proposal 1:

· To define a new "stationary-mobility state" for NR UEs (i.e. UEs with no mobility or very low mobility).
Proposal 2:

· To discuss how to determine if an NR UE is in "stationary-mobility state" considering
· Option 1: Variable configuration (i.e. the number of cell reselection being less than certain threshold over certain time)
· Option 2: Fixed configuration (i.e. UE's subscription or capabilities)
· Option 3: UE's feedback approach (i.e. UE's input based on no-3GPP system).
Proposal 3:

· To enable the relaxation/adaption of RRM measurements for NR UEs in "stationary-mobility state", the following options should be further studied:
· Option a: Delay measurement acquisition
· Option b: Skip samples and option
· Option c: New SMTC configuration.
Proposal 4:

· A UE in RRC_CONNECTED can report mobility related information (e.g. including history of mobility state, UE's visited cells and cells not reselected due to the ping-pong effect) to the network. Details FFS.
Proposal 5:

· To enable the activated or deactivated of a configured measurement objects (MO) based on its current mobility state. Details on the condition FFS.
Proposal 6:

· Study mechanism to enable efficient UE's transmission from RRC_CONNECTED into RRC_INACTIVE, and potentially even into RRC_IDLE.
References

[1].  RP-181463
Study on UE Power Saving in NR
[2].  TS 38.304
User Equipment (UE) procedures in Idle mode and RRC Inactive state
[3]. R1-1810797
UE power consumption reduction in RRM measurements, Intel Corporation, October 2018.
PAGE  
4/4

