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Discussion and decision
1 Introduction

Rel-16 SID on UE Power Saving [1] capture the following objective to "study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]". This contribution aims to identify RAN2 potential enhancements of the RRM measurements that could lead to reduce UE power consumption.
2 Discussion

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 could be further reduced if two new states were defined:

· "Stationary-mobility state" which could 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).
· “Very_High-mobility state" which could also be referred as "Extreme-mobility state" or "Speed_Train-mobility state". For this new state, the measurement results might change rather fast and the information gathered by the sample may become invalid to reflect UE's latest condition. Therefore a corresponding scaling rule could be defined to allow UE perform measurement less frequently or even skip certain number of measurement(s).
The following options could be considered to determine whether a UE is in any of these new mobility states:

Option 1. Defined/configured behavior: 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, as shown below, if a UE performs less than certain number of cell reselections (NCR_L) during certain period of time period (TCRstationary), the UE could be in low mobility state. 
State detection criteria:
Low-mobility state criteria:

- If number of cell reselections during time period TCRstationary is less than NCR_L.

Normal-mobility state criteria:

-    If number of cell reselections during time period TCRmax is greater than or equal to NCR_L but less than NCR_M.
Medium-mobility state criteria:

-    If number of cell reselections during time period TCRmax is greater than or equal to NCR_M but less than NCR_H.

High-mobility state criteria:

-    If number of cell reselections during time period TCRmax is greater than NCR_H.

Moreover option 1 can also be defined similarly as it was done for LTE eMTC/NB-IoT UEs where stationary or slow moving UE relax the measurement monitoring only when change of RSRP measurements is within a delta for certain period of time.

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. Deployment related approach: whether a UE is or not stationary might take on consideration the network deployment e.g. for the case of huge cells with multiple TRPs. 
Option 4. 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 1. To define two new mobility related states for NR UEs: "stationary-mobility state" (i.e. UEs with no mobility or very low mobility) for "very high-mobility state" (i.e. UEs with extreme or train speed mobility). 

Observation 1. Possible options to determine whether an NR UE is in "stationary-mobility state" or "very high-mobility state": option (1) variable configuration (e.g. the number of cell reselection being less than certain threshold over certain time or when the change of RSRP measurements is within a delta for certain period of time), option (2) fixed configuration (i.e. UE's subscription or capabilities), option (3) deployment related information (e.g. cell type) or option (4) UE's feedback approach (referring to UE's input coming from a no-3GPP system e.g. GPS).

An NR UE in "Stationary-mobility state" or potentially even in "Very_High-mobility state" could relax its RRM measurements by skipping certain number of measurements for a given cell or frequencies. For example, 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 2. Relax the RRM measurements for UEs in "stationary-mobility state" or "very high-mobility state".

Observation 2. Possible options to relax UE's RRM measurements are: option (a) delay measurement acquisition, option (b) skip samples and option (c) a new SMTC configuration.

A UEs in RRC_CONNECTED could also benefit, if the network could configure a UE with multiple measurement objects (MO) and later only have to indicate the activation/deactivation of a given MO based on UE's mobility speed. This might be very beneficial e.g. for UEs in very high-mobility state" were it might be preferable not to delay the measurements but instead drop some of the MO in order to save UE's power consumption. Therefore the UE based on its mobility state could (de)activate an appropriate MO or if the network were to track the UE's mobility state, the network could use dedicated signaling to (de)activate the MO (assuming that corresponding MO were previously configured).
Proposal 3. To enable the activation or deactivation of a configured measurement objects (MO) in a UE based on its current UE's mobility state (at least for a UEs in "stationary-mobility state" or "very high-mobility state").
A UE may also save power consumption if the network configures it with its optimum settings based on its ongoing and latest UE's conditions. Therefore it is foreseen beneficial that a UE could also provide information of its mobility state to the network. In LTE, similar mechanism is also defined aiming due to the same motivation. In addition, it is also 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 TS 38.304[2] states that "UE shall not consider consecutive reselections where a cell is reselected again right after one reselection for mobility state detection criteria"). Moreover UE could also provide more detailed information if available (e.g. actual UE speed or coordinates).

Proposal 4. To define a mechanism for a UE in RRC_CONNECTED to report mobility related information (including at least UE's mobility state, history of mobility state, UE's visited cells and cells not reselected due to the ping-pong effect) to the network
3 Conclusion

The observations captured are the following:
Observation 1.
Possible options to determine whether an NR UE is in "stationary-mobility state" or "very high-mobility state": option (1) variable configuration (e.g. the number of cell reselection being less than certain threshold over certain time or when the change of RSRP measurements is within a delta for certain period of time), option (2) fixed configuration (i.e. UE's subscription or capabilities), option (3) deployment related information (e.g. cell type) or option (4) UE's feedback approach (referring to UE's input coming from a no-3GPP system e.g. GPS).
Observation 2.
Possible options to relax UE's RRM measurements are: option (a) delay measurement acquisition, option (b) skip samples and option (c) a new SMTC configuration.

The proposals captured are the following:
Proposal 1.
To define two new mobility related states for NR UEs: "stationary-mobility state" (i.e. UEs with no mobility or very low mobility) for "very high-mobility state" (i.e. UEs with extreme or train speed mobility).
Proposal 2.
Relax the RRM measurements for UEs in "stationary-mobility state" or "very high-mobility state".
Proposal 3.
To enable the activation or deactivation of a configured measurement objects (MO) in a UE based on its current UE's mobility state (at least for a UEs in "stationary-mobility state" or "very high-mobility state").
Proposal 4.
To define a mechanism for a UE in RRC_CONNECTED to report mobility related information (including at least UE's mobility state, history of mobility state, UE's visited cells and cells not reselected due to the ping-pong effect) to the network


4 Reference

[1] RP-181463, New SID: Study on UE Power Saving in NR, June 2018.

[2] TS 38.304, User Equipment (UE) procedures in Idle mode and RRC Inactive state 
