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1 Introduction
In RAN4#76, it was not possible to reach a conclusion on the RRM aspects of connected state DRX for high speed train environment. There was insufficient time to discuss RRC connected state DRX requirements in the evening adhoc, and the status report indicates that this is to be studied further
	· Identifying the necessity of the enhancement
· For the cell identification, measurement accuracy and RLM aspects under the Leaky Cable scenario
· For the latency aspects in connected state in DRX under the high speed scenarios
· Providing candidate solutions for the identified issues.




2 Discussion

In RAN4#77 we evaluated necessary cell identification performance for different DRX cycles [1]. The approach used was firstly to evaluate the time of an ideal handover based on the RSRP of the neighbour cell being Qhyst dB greater than the RSRP of the current serving cell. Next the simulation determined the SINR at a time earlier than the the ideal handover time, to see if the target cell was detectable at this point in time. We assumed that the earlier time was ¼ of the RAN4 DRX minimum requirement for cell identification, which may be reasonable for a good implementation with LOS propagation condition.
Based on this methodology, and the parameters in table 1, the results in table 2 were obtained

	Parameter
	Value

	Inter-site distance,Ds
	1000m

	Distance from eNB to track ,Dmin
	300m

	UE Speed
	350km/h

	UE DRX cycle
	40ms, 64ms, 80ms, 128ms, 160ms,256ms, 320ms, 512ms, 640ms, 1024ms, 1280ms, 2048ms, 2560ms

	Assumed UE cell identification performance
	4 times faster than minimum requirements in TS36.133

	Handover quantity
	RSRP

	Hysteresis Qhyst
	1 dB

	Pathloss model where d is the eNB to UE separation in km
	128.1+37.6log10(d) dB


Table 1 : Main parameters used in analysis
	DRX cycle
	Assumed UE cell identification delay(S)
	Cell detection SINR necessary(dB)

	40
	0.2
	-1.97

	64
	0.64
	-3.84

	80
	0.8
	-4.72

	128
	0.8
	-5.01

	160
	0.8
	-4.72

	256
	1.28
	-6.19

	320
	1.6
	-7.65

	512
	2.56
	-11.98

	640
	3.2
	-14.7

	1024
	5.12
	-20.4

	1280
	6.4
	-19.74

	2048
	10.24
	-18.43

	2560
	12.8
	-31.16


Table 2 : Results for different DRX cycles

Based on these results, we observe that for DRX cycles longer than 320ms, it would be extremely challenging to identify the target cell in such a way that measurement results are available at the time of expected handover, and for the very long DRX cycles it is clearly impossible. For the longest DRX cycles, as we have assumed that the practical UE is able to identify cells in ¼ of the minimum RAN4 requirement, which corresponds for these cases to 5DRX cycles. Since the measurement period is already 5DRX cycles, enhancement of the minimum requirement to this level or beyond does not appear very practical.

Fundamentally, the problem is that if the UE performs cell detection and measurement only once per DRX cycle then this activity level will be insufficient, considering that the UE is travelling at approximately 100m/s and the inter-site distance is 1km. The UE crosses the entire coverage of the cell in approximately 4DRX cycles. Either the inter-site distance needs to be increased, or the UE needs to be more active.

Observation 1 : To enhance measurement performance in connected state DRX sufficiently to allow high speed train operation with longest DRX cycles, UEs would need to perform cell search and measurement more frequently than once per DRX cycle
The exact definition of “longest” depends on intersite distance, but at least for 1km ISD and the other deployment parameters in table 1 it corresponds to around 320-512ms. We also studied 6km ISD in [1], and for this case operation up to 1280ms DRX may be feasible. Since the DRX cycle which is practical for high speed train depends on deployment aspects we do not think that it is beneficial for RAN4 to discuss a DRX cycle range which can be used, but the important aspect is rather that for most deployments it may be noted that the very longest DRX cycles could be problematic to use from a UE performance perspective.

In the technical report thre are two steps to be studied. Firstly, RAN4 should disucss the necessity of the enhancement and secondly disucss candidate solutions for the identified issues. On these steps we make the following observations
· Clearly, enhancement of cDRX measurement requirements which allowed longer DRX cycles to be used in high speed train environments while maintaining similar to existing UE power efficiency for the longer DRX cycle would be highly desirable since our results indicate that the longest DRX cycles may not be used in high speed environments depending on deployment.

· In case such a solution is not found then defining additional requirements which can only be met by UE waking up multiple times during the DRX cycle or otherwise negatively impact power consumption does not seem so useful, because there is already a solution for the eNB to configure shorter DRX cycles (which will similarly increase power consumption).

Therefore it seems that a decision on whether to consider enhanced requirements can only be taken if the UE power consumption aspects and measurement rates are more fully understood. This means that RAN4 needs to jointly consider the necessity of the enhancement and candidate solutions. Without understanding of candidate solutions, such as concrete techniques to improve the DRX performance the power consumption impacts cannot be evaluated and without understanding of power consumption impacts, the necessity of the solution cannot be evaluated.
Proposal : RAN4 jointly considers candidate solutions and necessity of a solution for connected DRX
While it may not seem to be logical to perform this consideration jointly, our view is the UE power consumption impacts couple these two aspects together and it is not possible to consider them separately. Based on observation 1 we do not think that it would be easy to find a candidate solution which does not significantly increase UE power consumption, but of course if such a solution could be found it would also be highly desirable to take it into use.
3 Conclusions

In this contribution we discuss further the potential enhancement of requrieemnnts and make one observation and one proposal:
Observation 1 : To enhance measurement performance in connected state DRX sufficiently to allow high speed train operation with longest DRX cycles, UEs would need to perform cell search and measurement more frequently than once per DRX cycle

Proposal : RAN4 jointly considers candidate solutions and necessity of a solution for connected DRX
Based on observation 1 we do not think that it would be easy to find a candidate solution which does not significantly increase UE power consumption, but of course if such a solution could be found it would also be highly desirable to take it into use.
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