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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]RRM performance requirements for UE in DRX for high speed train scenarios have been discussed for a number of meetings, e.g., [1-7]. It was agreed in RAN4#76bis that [8]

· RRM in DRX for connected mode:
The following latency requirements in long DRX (no less than 160ms) for connected mode would result in performance degradation under high speed scenario:
· Cell identification time 
· Measurement period 
Note: There is no consensus on short DRX configuration. Some companies provide the analysis showing in short DRX the existing latency requirements would result in performance degradation under high speed scenario [R4-155792].
The following candidate solutions are provided,
· Candidate solution 1: UEs would need to perform cell search and measurement more frequently than once per DRX cycle;
· Candidate solution 2: Enhance cell identification and measurement requirements in DRX for high speed scenarios (Huawei);
· Candidate solution 3: Trigger the active measurements, e.g., the UE could increase the measurement activity if the serving cell RSRP falls below a certain threshold(Qualcomm);
· Candidate solution 4: Network provides the assistant information to UE such that UE have different behaviour compared to the legacy UE (Intel);
· Candidate solution 5:Enhanced RRM requirements are defined up to the upper bound DRX cycle (Nokia).

In this paper, we continue discuss this important issue.

Discussions
For high speed scenarios with leaky cables, it was concluded that no new RRM requirement is needed [7]. It implies all existing RRM requirements, e.g., cell identification requirements, RSRP/RSRQ, RLM, etc. defined in TS 36.133 could be reused. This conclusion is actually expected due to the fact that although the UE moves fast in the high speed scenarios with leaky cables, the distance from the UE to the equivalent BS Tx antennas formed by the leaky cables can actually be seen as unchanged. In another word, the UE works under relatively stable RF conditions with near constant average pathloss.
For HST scenarios not using leaky cables, however, it was identified that UE measurement performances, especially cell identification delays, would be degraded [7, 8], especially for a long DRX cycle. This conclusion is also not surprising, because the signal propagation distance from the UE to the BS (or RRH) antennas are changing rapidly for these high speed scenarios. The rapid changes of the distance from the UE to the BS (or RRH) antennas results in fast changes of path-loss or the received power of the DL signals, which results in the UE works under relatively fast changing DL RF channel conditions.
Observation 1: Fast distance changes between the UE and the BS (or RRH) antennas is the root cause that results in fast changes of the received DL power for HST scenarios not using leaky cables.
With fast changes of received power of the DL signals, the UE is in generally required to measure DL signal power in shorter intervals in order to report timey the event triggers, especially the events for handovers. With longer DRX cycles, however, the UE may not be able to report the event triggers in time, and consequently result in the degradation of the system performance. 
There could be multiple ways to reduce the event report delays due to longer DXR cycles. A straight-forward  method is obviously to use shorter DRX cycles to force  the UE to measure the DL signals more frequently with the price of more UE power consumption. A similar method is to make the UE to measurement more frequently within DRX cycle (Candidate solution 1). For this method to work, the UE will partially activate during DRX cycles with smaller UE power consumption.  Another method is to enhance cell identification and measurement requirements in DRX for high speed scenarios (Candidate solution 2). To mediate the UE power consumption due to more frequent measurements, another method is to trigger more active measurements if the serving cell RSRP falls below a certain threshold (Candidate solution 3). In last meeting, during the Ad Hoc session discussion, it was also proposed to have the Network provides the assistant information to UE such that UE have different behaviour compared to the legacy UE (Candidate solution 4).  However, there was no specific proposal during the meeting on what the assistant information would be, and how the UE would have different behaviour compared to the legacy UE, and how to the different behaviour would enhance the UE RRM performance. 
Based on the consideration that fundamental issue that causes the rapid changes of DL signal power is the change of the relative distance from the UE and the BS (RRHs) for the high speed scenarios, we will propose here a new, and should be more effective solution, which is based on the relationship of the between the relative distance from the UE and the BS and the RF path-loss and DL received signal power.
As well known, there is a direct relationship between RF path-loss and the distance between the transmitter and the receiver and the pathloss models are well developed in recent years. For all path-loss models, the single most important factor is the relative distance between the transmitter and the receiver. With the use of the path-loss models, one may derive the received RF power in terms of a) the distance between the transmitter and the receiver, and b) the transmitted power, without even making the measurements. Similarly, with the use of the path-loss models, one may also derive the change of the received RF power based on the change of the relative distances between the transmitter and the receiver and the measured power before the change of the relative distances. Based on this method, one may reduce the measurement frequency of the DL power without sacrifice the measurement performance based on the changes of the relative position between the transmitter and the receiver, or equivalently, one may not necessarily increase the measurement frequency of the DL power in order to enhance the same measurement performance, if the changes of the DL power is derived based on the change of the distance between the transmitter and the receiver.
Observation 2: If the change of the distance between the BS transmitter and the UE receiver is known or can be derived, the changes of DL power may be derived from the change of the distance between the BS transmitter and the UE receiver by the use of a path-loss model. With this method, DL measurement performance may be enhanced without the necessary to increase the UE measurement activity.
As discussed before, by the use of the information of the relative change of the distance between the BS transmitter and the UE receiver, one may enhance the DL measurement performance without increase the DL measurement activity. In the following, we provide some examples for the UE to obtain the information of the relative change of the distance between the BS transmitter and the UE receiver.
Observation 3: There are many existing methods can be used for the UE to obtain the information of the change of the distance between the BS transmitter and the UE receiver, e.g., 
· Based on UE Rx-Tx time difference measurements. Although using UE Rx-Tx time difference measurements alone may not be determine the exact distance between the UE and BS due to eNB Rx-Tx time difference measurements are unknown to the UE , the change of the UE Rx-Tx time difference measurements can be obtained by UE without knowing the eNB Rx-Tx time difference measurements. Thus, from the change of the Rx-Tx time difference measurements, the UE may know exactly the change of the relative distance from the UE and BS.
· Based on RSTD measurements. RSTD measurements provide directly distance differences between the UE and the neighboring cells. From which, the UE may derive the relative distance changes between the UE and BSs.
· Based on the estimated UE speed (or Doppler frequency). There could be multiple ways for the UE to estimate its travelling speed (or Doppler frequency). Once UE speed is known, the relative changes between the UE and the BS can be derived.
Based on above analysis, we propose a new solution for HST RRM, which does not necessarily require the UE increase the measurement activity in order to enhance the measurement performance. The basic principle of the proposal is to make necessary RRM measurements when DRX is ON, and make estimates of the changes of the RRM measurements based on the estimated DL RF power changes, which are derived from the distance changes between the UE and the BS. 
Proposal 1: DL measurement performance in DRX can be enhanced without necessarily increasing UE measurement activity. The UE will make necessary RRM measurements when DRX is in ON status, as current practice. Then, the UE will determine the changes of the RRM measurements based on the estimated DL RF power changes, which are derived based on the RF path-loss models and the distance changes between the UE and the BS. Various existing methods may be used to proving the information for the relative distance changes, e.g.,  UE Rx-Tx time difference measurements, RSTD measurements, and UE speed estimates.
Summary 
In this paper, we further discussed the RRM performance requirements for UE in DRX for high speed train scenarios. It was observed that:

Observation 1: Fast distance changes between the UE and the BS (or RRH) antennas is the root cause that results in fast changes of the received DL power for HST scenarios not using leaky cables.
Observation 2: If the change of the distance between the BS transmitter and the UE receiver is known or can be derived, the changes of DL power may be derived from the change of the distance between the BS transmitter and the UE receiver by the use of a path-loss model. With this method, DL measurement performance may be enhanced without the necessary to increase the UE measurement activity.
Observation 3: There are many existing methods can be used for the UE to obtain the information of the change of the distance between the BS transmitter and the UE receiver, e.g.,

· Based on UE Rx-Tx time difference measurements. Although using UE Rx-Tx time difference measurements alone may not be determine the exact distance between the UE and BS due to eNB Rx-Tx time difference measurements are unknown to the UE , the change of the UE Rx-Tx time difference measurements can be obtained by UE without knowing the eNB Rx-Tx time difference measurements. Thus, from the change of the Rx-Tx time difference measurements, the UE may know exactly the change of the relative distance from the UE and BS.
· Based on RSTD measurements. RSTD measurements provide directly distance differences between the UE and the neighboring cells. From which, the UE may derive the relative distance changes between the UE and BSs.
· Based on the estimated UE speed (or Doppler frequency). There could be multiple ways for the UE to estimate its travelling speed (or Doppler frequency). Once UE speed is known, the relative changes between the UE and the BS can be derived.

Based on the discussion, it was proposed that

Proposal 1: DL measurement performance in DRX can be enhanced without necessarily increasing UE measurement activity. The UE will make necessary RRM measurements when DRX is in ON status, as current practice. Then, the UE will determine the changes of the RRM measurements based on the estimated DL RF power changes, which are derived based on the RF path-loss models and the distance changes between the UE and the BS. Various existing methods may be used to proving the information for the relative distance changes, e.g., UE Rx-Tx time difference measurements, RSTD measurements, and UE speed estimates.
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