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Introduction
In RAN1#86 meeting, the following agreements on RRM measurement and mobility were achieved:
· For RRM measurement and mobility in NR, RAN1 needs to study DL and UL based measurements considering following RAN2 study
· RRC driven at ‘cell’ level
· Zero/Minimum RRC  involvement (e.g. at MAC /PHY) 
· FFS what is the definition of a cell
· For RRM measurement in NR, at least DL measurement is supported with the consideration on
· Both single-beam based operation and multi-beam based operation
· FFS: Definition of RRM measurement for multi-beam based operation
· FFS: DL signal for RRM measurement
· FFS: When DL measurement is applied
· Note that there is no conclusion that DL measurement is a complete solution for RRM measurement in NR for now

In RAN1#87, UL-based RRM measurements were proposed and discussed without any conclusion as follows,  
· NR shall target to support UL-based RRM measurement and mobility at least in the following cases:
· New RAN Controlled State with low activity
· Active state L3 based NR handover
· Active state L1/2 based NR mobility
In this contribution, we discuss the UL-based RRM measurements for UE mobility.    
UL-Based RRM Measurements for UE Mobility

UL-based RRM measurements for UE mobility had been discussed intensely in LTE Rel-10 Relay and Rel-11 CoMP.   Mobility management based on UL RRM measurements is for UE transmitting UL signals to be measured by access points/beams of both serving cell and neighboring cells as shown in Figure 1. The access points (TRP) or beam in the multi-beam configuration, of serving cell and neighboring cell, need to perform either short-term channel quality RRM measurements or long-term pathloss RRM measurements for intra-cell or inter-cell mobility management, respectively.   The reliability of the UL-based RRM measurements is extremely challenged due to the inter-access point interference.   
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[bookmark: _Ref465974780]Figure 1:  Illustration of UL signals transmitting to the neighboring cell/TRP/beam for mobility management

UL-based RRM measurements should consider the following aspects in the system design,

· UL signals for RRM measurements –UL-based RRM measurements require sufficient number of UL signals to be used as the reference measurements.  UL signals, e.g., UL sounding reference signals (SRS), need be measured by the access points/beams of both serving and neighboring cells.   In order to have reliable RRM measurement based on UL signals, UL signals need to transmit periodically with low duty cycle.  Moreover, UL physical channel needs to be designed to enable UL signals measured by TRPs/beams of serving cell and neighboring cells.   UL physical channel for RRM measurements should support multiplexing capability.   

Observation 1: UL signals should be measured by TRPs/beams of serving cell and neighboring cells for UL-based RRM measurements

· Coordination of TDD configuration among TR – For UL-based RRM measurements, UL physical channels need to be configured in the same time.  Thus, TDD DL/GP/UL configurations among TRP/beams of serving cell and neighboring cells need to be coordinated.

Observation 2: To support UL-based RRM measurements, TDD DL/GP/UL configuration among TRP/beams of serving cell and neighboring cells need to be coordinated.

· Timing Advanced and reliability of UL-based RRM measurements – Timing advanced (TA) is used to accommodate the propagation delay of different UL signals for the time alignment of all UL received signals.  TA is performed to ensure the orthogonality of signal processing at the UL receiver.   UL-based RRM measurements require UL signals to be measured by TRPs/beams of both serving cell and neighboring cells with different propagation delay as shown in Figure 1.   Only one TA could be used to be used to accommodate different propagation delay.  If the propagation delay of any UL receiver could not be accommodated within the CP, inter-channel interference occurs.   

Observation 3:  Inter-channel interference would occur if the propagation delay of any UL receiver performing RRM measurements could not be accommodated by TA.

· UL power control - The principle of UL power control for communication is to control the UL transmission power for successful UL reception at the cell and minimize the interference to neighboring cells.  In order to support UL-based RRM measurements, the UL signals need to be reliably received at both serving cell and target cell(s).   Additional UL power control framework for UL-based RRM measurement needs to be specified.     

Observation 4: Additional UL power control framework for UL-based RRM measurement needs to be specified.     

· Long-term and short-term RRM measurements – Two types of RRM measurements had been used for access point selection and mobility management as follows, 
· Long-term pathloss measurements – Long-term pathloss measurements are the measurements with L1 filters and L3 filters to extract the pathloss of the radio channel by filtering out the effects of fast and slow/shadow fading.  The measurements are used as the indication of the access point coverage area.  The long-term pathloss measurements are used as the reference for determining the camping cell or mobility management, such as cell selection/ re-selection or handover.  

· Short-term channel quality measurements - Short-term channel quality measurements are the measurements to with L1 filters to filter out the fast fading effect of radio channel.  The measurements are used to indicate the link quality of each access point/beam.  The short-term channel quality measurements are used as the reference for determining the link quality of the access point/beam to enable dynamic switching of connecting point/beam for spatial diversity gain.   
 
UL power control for communication would be adjusted based on the slow/shadow fading condition with path loss as the basis.   UL power control adapts to the channel variation of one link to ensure the consistent link quality and minimize the interference to the neighboring TRPs/beam.  UL power control would hinge to extract path loss information for long-term pathloss RRM measurements.  

Observation 5: UL power control would be challenged to extract path loss information or channel quality information from UL-based RRM measurements.  

· UE battery life – UE would consistently transmit UL signals to all TRPs/beams of serving cell and neighboring cells for UL-based RRM measurements regardless UE is with or without UL data transmission.   UE battery would be drained fast when support UL-based RRM measurements.  

Observation 6: There is a concern of UE battery life when UL-based RRM measurements are supported by the UE.   


Proposal 1:  UL-based measurement for UE mobility should be de-prioritized in NR study 
Conclusion
This paper discusses the UL-based RRM measurements for UE mobility.  We have the following observations and proposal, 
· Observation 1: UL signals should be measured by TRPs/beams of serving cell and neighboring cells for UL-based RRM measurements
· Observation 2: To support UL-based RRM measurements, TDD DL/GP/UL configuration among TRP/beams of serving cell and neighboring cells need to be coordinated.
· Observation 3:  Inter-channel interference would occur if the propagation delay of any UL receiver performing RRM measurements could not be accommodated by TA.
· Observation 4: Additional UL power control framework for UL-based RRM measurement needs to be specified.     
· Observation 5: UL power control would be challenged to extract path loss information or channel quality information from UL-based RRM measurements.  
· Observation 6: There is a concern of UE battery life when UL-based RRM measurements are supported by the UE.   

· Proposal 1:  UL-based measurement for UE mobility should be de-prioritized in NR study.  
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