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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]RRM performance requirements for UE in DRX for high speed train scenarios were discussed and presented in previous meetings. In this TP, we summarize the proposal made in [1] for TR 36.878 [2]. 

Reference
[1] R4-157076, TR 36.878 v.1.1.0, Huawei, HiSilicon
[1] R4-157204, “Enhancement of RRM performance requirements for UE in DRX for high speed scenarios,” Alcatel-Lucent 
Text proposal
[bookmark: OLE_LINK1]-----------------------------------------------------------Start of TP---------------------------------------------------------
[bookmark: _Toc434224517]6.3.4	Other issues and possible options
· RRM in DRX for idle mode:
The existing latency requirements under DRX configuration for idle mode are not suitable for high speed scenario;
· Candidate solution 1: tightening UE requirements (Huawei [R4-154763])
· Candidate solution 2: providing the indication to UE and when UE is operating in the high speed UE should follows the tightened requirements(Ericsson [R4-154562]).
Other solutions are not precluded.
· 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;
· [bookmark: _GoBack]Candidate solution 2: Enhance cell identification and measurement requirements in DRX for high speed scenarios (Huawei [R4-155792]);
· 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 [R4-156050]);
· 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[R4-155854]).
· Candidate solution 6: Enhance RRM requirements based on the estimated UE relative distance changes by the use of previous UE measurements at previous DRX ON durations (Alcatel-Lucent[R4-158183]).
· Candidate solution 7: Reduce RLM (out of sync monitoring) window and RLF timers to enable quick RRC re-establishments in the target cell (Qualcomm[R4-157272])

-----------------------------------------------------------End of TP---------------------------------------------------------

The Following texts are for information only.

Enhancements of UE RRM Measurement Performance in DRX
In high speed scenarios, the fast change of the distance between a UE and a BS (or RRH) results in fast changes of the UE received DL power, which is one the root causes that causes the RRM measurement degradation.  If the change of the distance between the BS and the UE is known or can be derived, the changes of DL power and the RRM measurements associated with the received DL power may also be derived or improved by the use of a path-loss model without the necessary to increase the UE measurement activity.
A number of methods may be used for the UE to obtain the information of the distance and/or the change of the distance between the BS transmitter and the UE receiver. The following are some examples, 
· Based on UE Rx-Tx time difference measurements. Although using UE Rx-Tx time difference measurements alone may not be determine the precise distance between the UE and serving cell 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 derive the change of the relative distance from the UE and serving cell. In addition, the averaged speed of the UE may also be derived if UE Rx-Tx time differences are measured in two DRX ON durations.  Based on the averaged speed of the UE, the UE may derive the distance changes between the UE and serving cell at the time when UE is at DRX OFF period, and based on the information, the UE may predict the RRM measurements at the time when UE is at DRX OFF durations.  

· Based on RSTD measurements. RSTD measurements provide fair accurate distance differences between the UE and the neighboring cells. Similar with UE Rx-Tx time difference measurements, from the RSTD measurements measured at two DRX ON durations, the UE may derive the relative distance changes from the UE and measured neighbouring cells. And from the information of the relative distance changes from the UE and measured neighbouring cells, and UE may also derive the averaged speed of the UE, and based on the averaged speed of the UE, the UE may also derive the distance changes between the UE and serving cell at the time when UE is at DRX OFF period, and based on the information, the UE may predict the RRM measurements at the time when UE is at DRX OFF durations. In comparison with the approach based on UE Rx-Tx time difference measurements, the RSTD based method may provide the relative speeds with multiple cells, and the additional information may also help the UE to predict which cell will be the next serving cell.

· Based on the estimated UE speed (or Doppler frequency). In addition to UE Rx-Tx time difference and RSTD measurements, the UE may also estimate its travelling speed based on the estimated Doppler offset. Once UE speed is estimated, the relative changes between the UE and the BS can be derived. 
Proposal 1: UE RRM measurement performance in DRX may be enhanced based on UE RRM measurements collected at DRX ON durations without necessarily increasing UE measurement activity. The approach is based on the estimation of the relative distance changes between the UE and the BS, or equivalently, the UE relative speed with the serving cell (and neighbouring cells) by the use of the measurements, e.g., UE Rx-Tx time difference, RSTD measurements, Doppler Offsets, etc., obtained when UE is in DRX ON durations. Based on the RRM measurements obtained in previous DRX ON durations and the relative distance changes between the UE and the BS, the UE may predict the UE RRM measurements at DRX OFF based with the use of a path-loss model. The predicted RRM measurements may be used to enhancement of RRM measurements in various ways, such as making prediction on next RF events, improve the RRM measurements at the next DRX ON duration, and trigger for new RRM measurements if predicted RRM measurements are lower than certain levels.

 (
UE performs RRM measurements at DRX ON durations 
UE estimates the changes of relative distance (or relative speed) with the serving and/or neighboring cell based on the measurements, e.g., UE Rx-Tx time difference measurements, RSTD measurements, Doppler Offsets, etc., collected at the DRX ON durations
UE predicts the RRM measurements at DRX OFF durations based on:
 the RRM measurements at previous DRX ON durations; 
 the estimated changes of relative distance with the cells; and 
 RF pass-loss model. 
The UE may use the predicted RRM measurements for various ways 
 make prediction on next RF events,  e.g., next serving cell
 Improve the RRM measurements at the next DRX ON duration
 trigger additional  measurements etc.
)

Figure 1.  A Proposal for the Enhancements of UE RRM Measurement Performance in DRX
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