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1 Introduction
Rel-13 SI “Study on performance enhancements for high speed scenario in LTE” [1] has been discussed for several RAN4 meetings. One objective of the SI is to study the UE RRM performance in both existing and newly identified high speed scenarios. 

In the last RAN4 meeting, the issue of high speed RRM when UE is in DRX was discussed both online and in ad-hoc session. Some agreements were reached on the identified issues and potential solutions for idle mode, and captured in the ad-hoc minutes [2], and correspondingly the TP [3] was also agreed. Due to lack of time, the high speed RRM when UE is in connected DRX was not thoroughly discussed.   
	· RRM in DRX for idle mode:

· The existing latency requirements under DRX configuration for idle mode are not suitable for high speed scenario;
· How serious and how to solve the issue needs further study
· Candidate solution 1: tightening UE requirements
· Candidate solution 2: providing the indication to UE and when UE is operating in the high speed UE should follows the tightened requirements.
· Other solutions are not precluded.
· Use both candidate solution 1 and 2 could be considered.
· Paging missing issue needs to be considered.


In this paper, we will provide our views on how to handle RRM requirements with DRX for high speed.
2 Initial evaluation of mobility performance 
In this section we will provide some initial simulation results on the mobility performance for high speed UE in connected DRX. 

The simulated setup is similar to Scenario 4, i.e. a normal Hexagonal cell with 1732m ISD and wrap around, and UE is moving along a line (the railway track) with 350km/h (and 120km/h for reference). Path loss is calculated as 128.1+37.6log10(d) dB, while no shadowing or fast fading is modelled. One session lasts 20s in the simulation, and background load in all the cells are not modelled. 
DRX cycle length of 40ms, 80ms, 320ms, 512ms, 1024ms, 2560ms as well as non-DRX are simulated. An optimistic model for cell identification delay is used, that is 5 times DRX cycle and same as measurement period. This means the cell identification delay assumed in the simulation is 4 times faster than the minimum requirement. A3 based HO is used with 2dB offset for non-DRX and 0dB for DRX cases; hysteresis is set to zero and time-to-trigger is also zero. RSRP is used for triggering HO, and random error of ±2dB with a normal distribution is added to the RSRP of each cell. HO delay and RACH delay are fixed as 50ms and 40ms, respectively. T310 is set to 1s.

Initial simulation results are shown in Figure 1 and 2. In Figure 1, the performance of successful HO per call per sec is compared with different DRX cycles. It can be seen that UE only performs 0.03 successful HO with 512ms DRX, whereas it should have performed 0.27 if 40ms DRX result is used as baseline, so a successful rate of 11.1%. Also in Figure 2, the performance of radio link failure per call per second is shown. It is clear that the number of RLF increases significantly starting from 512ms DRX and 350km/h. Therefore, from the initial simulation results, we can already see that the mobility performance in terms of HO and RLM is not acceptable with 350km/h UE speed and 512ms DRX. 
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Figure 1: Initial evaluation of HO performance in high speed 
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Figure 2: Initial evaluation of RLM performance in high speed 

3 Discussion

The mobility performance for high speed UE in connected DRX is also evaluated in [3-4]. Based on the observations so far, it is clear that the mobility performance, e.g. in terms of HO delay and outage time, will be degraded significantly with long DRX cycle length. Reason for this is obviously that in connected mode we have HO/RLM based mobility which are assisted by UE measurements and reporting, and when UE is in DRX measurement is only done once per DRX cycle according to current requirements. With long DRX and high speed, this leads to quite late availability of the measurement results, for the potential target cell for triggering HO or for serving cell to declare RLF. 
Observation 1: The current HO/RLM driven mobility based on UE measurement/reporting is challenging in high speed with long DRX cycle length.
One approach to solve the problem is, as already mentioned in several papers, to require UE to wake up more frequently than needed for DRX configuration for RRM activities. In our view, this is not a preferable approach, as UE has to switch on the RF chain for RRM activities and thus the purpose of power saving by configuring DRX is impaired. In other words, network should have configured non-DRX or short DRX if the intention is to maintain the current HO/RLM driven mobility.

Another approach, which was also discussed, is to restrict the DRX cycle length that network can use in high speed scenarios. This is, in our view, a network implementation issue, and should not be enforced in the specification. For example, some UEs in high speed train may be using delay tolerant services, and from standard point of view, there is no need to prevent network from configuring long DRX to such UEs.      
Observation 2: It is not desirable to require UE to wake up and perform RRM activities more than required by the current requirements. It is also not desirable to hard limit the usable DRX cycles for high speed.

A proper approach in our view is to require UE to support the current HO/RLM driven mobility with short DRX or non-DRX, and to allow UE to not perform cell identification, measurement and RLM according to the corresponding requirement with long DRX. For the latter case, the UE behaviour in terms of measurement reporting and RLF declaration could be further studied or even left unspecified, but from RAN4 requirement point of view, it means the RRM performance requirements and corresponding tests are only defined for short DRX. Network should take the responsibility to configure short DRX if the target is to maintain the current HO/RLM driven mobility with current performance requirements.
Similarly as candidate solution 2 agreed for idle mode in [2], in order to avoid any impact to the mobility performance in non high speed scenarios, the “permit” for UE to not support the current HO/RLM driven mobility should be controlled by the network.      

Proposal 1: RRM performance requirements and corresponding tests are defined as applicable only for short DRX. UE with long DRX could be allowed by the network to not support the current HO/RLM driven mobility.     

The exact threshold for short and long DRX is to be further studied with simulations, and possibly to be agreed in the WI phase. In our understanding, it would be desirable from operator point of view to include more DRX cycles to support the current HO/RLM driven mobility. One main limiting factor of the DRX threshold is the performance requirement of cell identification, so we are also open to the general enhancement to cell identification. One possible option is to consider the difference between L1 samples during the cell detection, as we proposed in [5]. Of course, as this may lead to the UE implementation, the feasibility of possible enhancements should be further studied.     
Proposal 2: RAN4 to discuss the feasibility of general enhancement to cell identification requirements in high speed.     
4 Conclusions 

In this paper, we provided some simulation results on the mobility performance, as well as our views on how to handle RRM requirements with connected DRX for high speed. Based on the discussions so far, we have the following observations and proposals.

Observation 1: The current HO/RLM driven mobility based on UE measurement/reporting is challenging in high speed with long DRX cycle length.
Observation 2: It is not desirable to require UE to wake up and perform RRM activities more than required by the current requirements. It is also not desirable to hard limit the usable DRX cycles for high speed.

Proposal 1: RRM performance requirements and corresponding tests are defined as applicable only for short DRX. UE with long DRX could be allowed by the network to not support the current HO/RLM driven mobility.
Proposal 2: RAN4 to discuss the feasibility of general enhancement to cell identification requirements in high speed.     
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