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1 Introduction
Previously in RAN4, RRC connected state DRX requirements in high speed train operation have been considered. The way forward for RRM [1] indicates that 
The enhanced requirements for cell re-selection, RLM in DRX and cell identification in DRX need to be investigated under the identified high speed scenarios
In this contribution we provide analysis and results to assist with the evaluation.
2 Discussion

In the analysis we focus on cell identification performance for connected state UEs. Table 1 shows the main evaluation parameters 
	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
UEs move from one serving cell to the adjacent neighbour cell and UE measurements are evaluated based on pathloss, and modelling the evaluation period. Serving cell SINR and neighbour cell SINR is also evaluated, and a number of additional cells other than the serving and neighbour cell are modelled for interference purposes.  The time of the ideal handover is evaluated based on the RSRP of the neighbour cell being Qhyst dB greater than the RSRP of the current serving cell. Next the simulation determines the SINR at a time earlier than the the ideal handover time, to see if the target cell is detectable at this point in time. It should be noted that later identification of the target cell will not necessarily result in a dropped connection, however late detection of the target cell implies that cell identification performance, rather than UE measurements will determine the handover success rate as they become the critical path in the handover. In other words, if the UE is late to identify the target cell, the target cell already meets the handover criteria as soon as it is identified.

It is also worthy of mention that we used an assumed UE cell identification delay which is 4 times faster than the minimum requirement in TS36.133. Whether this is a realistic assumption is open to debate, however we expect that typical UEs would perform better than the minimum requirements at least if the SINR is signifcantly above -6dB. However, we will see from the results that supporting long DRX cycles would only be feasible if the UE was able to detect target cell at much lower SINR, and the assumption that UEs are able to identify cells faster than the minimum time requirement is very unlikely to hold when the side conditions for cell identification are also significantly violated.
Results are tabulated in table 2; this table shows the SINR at which the UE would need to be able to detect the target cell to avoid the cell identification delay being the critical path to handover success, ie if the target cell could be identified at this SINR then measurement results are available for the cell by the time the cell meets the handover criteria.

	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, 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 in any way 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.

Following a similar methodology, we observed that for a 6km ISD, the Cell detection SINR necessary for a 1280ms DRX cycle  becomes -7.01dB. Operation at DRX cycles beyond 1280ms does not look practical, even with such a large ISD.
Considering the alternative option of specifying that the UE is more active and performs more frequent cell search and measurement than the configured DRX cycle, this does not seem favourable from a power consumption perspective. Such an enhancement would need to be configured eg under network control to ensure that the enhancement did not have a negative effect to power consumption in non high speed train deployments. In this case, we think that it would be much better if the network simply configured a shorter DRX cycle in the first place, which works for both legacy UEs as well as any UEs supporting high speed train enhanced requirements. Since a major contributor to UE power consumption is from the RF, it appears beneficial to configure the UE to monitor serving cell PDCCH in parallel to intra-frequency measurement activities, since this increases the scheduling opportunities for the UE under consideration. From this consideration, we do not think it is beneficial to define requirements which would require the UE to wake up in mid DRX cycle from a mobility perspective.
Based on the results, our view is that the most reasonable regime where RRC connected state DRX could be expected to work is at most of the order of 320-512ms at 350km/h. Hence we propose

Proposal 1 : UE DRX cycles of up to 512ms may be considered practical for further investigations of high speed RRM requirements

Whether any enhanced requirements should be defined for cell identification in this regime is a topic which could be further discussed in RAN4. Our preliminary view is that the minimum requirements for cell identification in DRX do not by themselves guarantee that handover will be successful at 350km/h or greater, for example with a 320ms DRX cycle. On the other hand, in the practical scenario, the UE is moving rapidly towards the target cell so it means that the SINR of the target cell is rapidly improving, making the target cell PSS/SSS relatively easy to identify as the UE becomes close to the expected handover point. Therefore it could be reasonable to focus on enhancement to measurement period (which is a component of cell identification delay) provided that ways to shorten the measurement period could be found which would not greatly impact the measurement accuracy.  Such measures could, for example, involve non coherent averaging across multiple subframes in the “DRX on” duration, and thereby reducing the dependence on averaging across different “DRX on” periods.
Similar consideration is needed for RLM evaluation period. In principle, we would caution against shortening the DRX evaluation period for Qout in high speed scenarios, since this makes the UE drop connections more readily. For high speed scenarios, it may be important that the UE is able to remain connected to allow mobility procedures to be completed. Regarding Qin, since the UE is travelling very rapidly, it means that once a radio link problem has been detected it is quite unlikely that any recovery will be possible, or that conditions of the serving cell will improve by the necessary hysteresis level. However, for both cell identification requirements and RLM requirements, further investigations could be performed in RAN4 to study the benefit of any enhanced requirement for high speed scenarios

Proposal 2 : UE cell identification (including measurement period component) and radio link monitoring in DSRX may be further studied for high speed scenarios.
3 Conclusions
In this contribution we provide results for cell identification based on high speed scenarios. Based on results where the UE is assumed to be able to identify and measure target cells within ¼ of the minimum requirement in RAN4 (corresponding to 5DRX cycles for longer DRX cycle lengths) we find that for DRX cycles greater than 320ms, it will be very challenging for a UE to identify and report a cell prior to the expected handover time. 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 for the considered scenario. If this scenario needs to be supported then it seems necessary to configure a shorter DRX cycle, which allows both legacy UEs as well as any UE supporting future high speed requirements to perform mobility procedures with better performance, as well as providing more scheduling opportunities due to the parallel reception of PDCCH. Based on the results, our view is that the most reasonable regime where RRC connected state DRX could be expected to work is at most of the order of 320-512ms. Hence we propose

Proposal 1 : UE DRX cycles of up to 512ms may be considered practical for further investigations of high speed RRM requirements

We also discuss the possible enhancement of requirements in this regime. We do not make any definitive proposal, but one area which could be considered is a shorter measurement period (which also implies faster cell identification) by performing non coherent averaging of CRS across multiple subframes in the “DRX on” duration to maintain measurement accuracy in high speed scenarios, allowing less averaging to be performed beween successive “DRX on” occasions while still maintaining measurement accuracy. As the channel coherence time is very short in high speed scenarios, measurement samples do not need to be spaced far apart in time to become essentially independent.

We also discuss RLM requirements, and our preliminary view is that it may not be beneficial to shorten Qout or Qin for high speed scenarios.

Both topics could be further investigated by RAN4 within the context of high speed scenarios.

Proposal 2 : UE cell identification (including measurement period component) and radio link monitoring in DRX may be further studied for high speed scenarios.
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