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1. Introduction
The discussion on mobility performance for the high speed train study item has been ongoing for a few meetings. The scenarios to be studied were agreed and tentatively included in the corresponding TR [1]. In [2] we presented a brief analysis of the RRM limitations in some scenarios. In this paper we presented some further mobility performance analysis in some of the more challenging scenarios when the UE is in connected mode.
2. Discussion

In [2] we presented a brief analysis of possible RRM limitations in some of the scenarios identified during the high speed scenarios SI. Based on our analysis it was shown that the most challenging scenarios are Scenario 1 with 2km cell radius (RRHs deployed at about 1km distance) and Scenario 4. In this paper we extend the analysis and try to evaluate the connected mode mobility performance to identify possible problems.
The analysis is based on the assumptions used in [2]. The UE is moving along the railroad track and receives signals from 11 cells at any given time (wrap-around with 11 cells). The propagation model is the Suburban Macro with LOS found in [3] and no shadowing is assumed (if all the cells experience the same shadowing the effect can be neglected). Fast fading is not modeled, however, a random error of +-2dB with a normal distribution is added to the RSRP measurement of each cell. Each RSRP measurements is obtained by averaging 5 samples equally spaced in time. The RSRP measurement period is chosen according to the requirements in 36.133(depends on DRX cycle). Other parameters are listed in Table 1.

Table 1. Mobility parameters

	Paramter
	Value

	A3 Offset
	2dB for no DRX, 0dB with DRX

	Time to trigger
	0ms

	L3 filtering
	none

	T310
	1s

	HO Command delay
	50ms

	RACH Delay in target cell
	40ms

	RSRP measurement period
	Dependent on DRX cycle

	Cell identification delay
	Fixed according to minimum requirements or random from 0 up to the minimum requirement


HO failure is modeled based on radio link monitoring, if the UE is in Qout at a certain moment of the mobility procedure(A3 triggering, receiving HO command or RACH in target cell) the hand over is considered to fail. 
The main factor identified in the HO delay is the cell identification delay. The cell detection delay was modeled as follows. A cell is considered detected (first RSRP measurement available) after the cell detection delay has passed since the cell’s corresponding SINR at the receiver is above the detection threshold set at -6dB. The cell has to stay above the threshold the entire time to be considered detected. If the SINR falls under the threshold, the detection time is reset. For the detection delay we considered 2 cases: the worst case in which the delay is equal to the maximum cell detection delay in the specifications. Considering that this delay is defined at the 90%-ile, this assumption is very pessimistic. For the 2nd case we assume that the cell identification delay is a uniform random number between 0 and the maximum cell detection delay defined in the specs(denoted as [0:x]s or random cell ID in the results).
The results collected in the simulation are HO failure rate, and amount of time spent in Qout(amount of time during which UE cannot communicate to the network).  The results for Scenarios 1 and 4 are shown below.
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Figure 1. HO Failure Rate in Scenario 4
[image: image2.png]35

30

25

20

15

10

o

Interruption (%) - Scenario 4

No DRX

0128DRX,  032DRX,  032DRX,  0.64DRX,  0.64DRX
fixed cell D~ fixed cell ID random cell ID fixed cell D random cell ID





Figure 2. Qout interruption as % of overall simulation time in Scenario 4
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Figure 3. HO Failure Rate in Scenario 1
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Figure 4. Qout interruption as % of overall simulation time in Scenario 1

The results above show that there is no mobility problem for No DRX or short DRX cycles(up to 128ms). However, as the DRX cycles become longer the HO performance degrades significantly and the HO failure rate can even reach 100% with a rather pessimistic assumption of cell search. Even with a more optimistic assumption on cell search, the HO failure rate is still very high. It can also be seen that the mobility performance in Scenario 1 is worse than Scenario 4. The shorter distance between the transmit points in Scenario 1 leads to a steeper SINR slope that degrades the mobility performance as the UE falls faster into RLF and the target cell identification is delayed.
Figures 2 and 4 show the total interruption time(total time that UE is in Qout in % of overall time). In the case of HO failure, the UE will most likely go to RLF and then perform re-establishment in the target cell. The length of this outage is important in understanding the actual impact to the user experience, especially with long DRX. The UE is configured in long DRX when it has very little data traffic, hence, an interruption of a few DRX cycles is unlikely to have a big impact on the user experience. Figures 5-8 show the interruption length distribution. 
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Figure 5. Qout duration distribution in Scenario 4 with 320ms DRX, random cell identification delay
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Figure 6. Qout duration distribution Scenario 4 with 320ms DRX, fixed cell identification delay
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Figure 7. Qout duration distribution Scenario 4 with 640ms DRX, random cell identification delay
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Figure 8. Qout duration distribution Scenario 4 with 640ms DRX, fixed cell identification delay
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Figure 9. Qout duration distribution Scenario 1 with 320ms DRX, random cell identification delay
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Figure 10. Qout duration distribution Scenario 1 with 320ms DRX, fixed cell identification delay
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Figure 11. Qout duration distribution Scenario 1 with 640ms DRX, random cell identification delay
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Figure 12. Qout duration distribution Scenario 1 with 640ms DRX, fixed cell identification delay

As can be seen from the figures, the interruptions are up to 3s for the 320ms DRX cycle and up to 10s for the 640ms DRX cycles. From this data it can also be concluded that the interruption delay depends mostly on the cell identification delay and has little dependcy on the scenario (cell radius). The average interruption is about half of the maximum interruption if a random cell detection delay is assumed (more realistic assumption on cell identification). If the cell detection delay is assumed to be as defined in the minimum requirements, the interruption time will show very little variation and the value will be close to the cell detection delay.

With the assumption of random cell detection, the average interruption time will be 1.5s and 5s for 320ms DRX and 640ms DRX cycle respectively. As such, the interruption will be about 5~7 DRX cyles. However, given that the data traffic is likely to be very light when the UE is in long DRX, it is not clear how much impact these interruptions will have to the user experience. It should also be noted that T310 is 1s in the simulation. By reducing the T310, the interruption will also reduce by the same amount given the predictability of the scenario(UE is moving in one direction at a constant speed so the target cell is fixed). Furthermore, it should be studied how other techniques such as use of T312 introduced in Rel.12 can reduce the outage time.
One simple way to enhance the mobility performance under such scenario would be to lower the cell detection delay. However, this would increase the batter consumption which is undesirable. As such, the performance and possible solutions should be carefully analyzed. If mobility performance is very important, the network can configure a short DRX cycle or maintain the UE in connected mode. Increasing the measurement frequency will have a similar impact on power consumption as configuring a shorter DRX cycle.
3. Conclusion
 In this paper we analyzed the connected mode mobility performance in some of the more challenging scenarios identified during the high speed scenarios study item. Based on the results presented it is seen that the performance is degraded with long DRX cycles and relatively long service outage times will be experienced by the UE(5~7 DRX cycles). It should be further discussed what kind of enhancements are appropriate with these kind of configurations and the potential power consumption impact should be carefully analyzed. 
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