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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 idle 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 idle mode mobility performance to identify possible problems.

An analysis for idle mode was also shown in [4], however, the analysis did not show any probability of missing paging messaging. This metric is very important in determining the service outage and hence, the impact on the user experience. In this paper we try to analyze the length of interruptions in connectivity to the serving cell in order to assess the idle mode mobility performance.

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. The cell reselection procedures are modeled according to the requirements in TS 36.133, some of the parameters are listed in Table 1.
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).

Table 1. Reselection parameters

	Paramter
	Value

	Treselection
	0

	Reselection offset
	0dB

	RSRP measurement period
	Dependent on DRX cycle

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

	TSIB(SIB acquisition delay)
	150ms
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Figure 1. Interruption in Idle Mode in Scneario 4
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Figure 2. Interruption in Idle Mode in Scenario 1
Figures 1 and 2 show the total interruption time as a percentage of the overall simulation time ( % of time that UE does not receive DL signals from serving cell). The interruption is calculated as the amount of time that the serving cell SINR is below -8dB. As can be seen, the amount of time increases with the length of the DRX cycle. Even with the shortest DRX cycle (320ms) and a relatively optimistic cell identification assumption the interruption time is about 12% for Scenario 4 and 18% for Scenario 1. 

The mobility performance in idle mode depends on the probability that the UE will miss paging messages from the network. In order to gain a better understanding of the problem it is important to check the actual distribution of the interruption length. The interruption length distribution is shown in Figures 3-10 below.
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Figure 3. Interruptions in Scenario 4 Idle Mode with fixed cell ID
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Figure 4. Interruptions in Scenario 4 Idle Mode with Random cell ID
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Figure 5. Interruptions in Scenario 4 Idle Mode with fixed cell ID
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Figure 6. Interruptions in Scenario 4 Idle Mode with random cell ID
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Figure 7. Interruptions in Scenario 1 Idle Mode with fixed cell ID
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Figure 8. Interruptions in Scenario 1 Idle Mode with  random cell ID
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Figure 9. Interruptions in Scenario 1 Idle Mode with fixed cell ID
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Figure 10. Interruptions in Scenario 1 Idle Mode with random cell ID

As can be seen from the figures, the interruptions are up to 8s for the shortest DRX cycle and up to 15s for the 640ms DRX cycles. From this data it can also be concluded that the interruption delay depends on the cell identification delay and does not depend 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 4s and 7.5s for 320ms DRX and 640ms DRX cycle respectively. This number can also be seen as the average call setup time under these conditions. As the UE has to monitor the paging channel once every DRX cycle, the UE will miss on average about 12.5 paging occasions and a maximum of 25. 

The network is expected to repeat paging messages a few times until it would declare a failure. The amount of repetitions and the repetition interval is very important in establishing the ultimate paging miss probability. If the message is repeated few times every few seconds then the UE will most likely not miss any paging messages.
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.
3. Conclusion
In this paper we analyzed the idle 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 probability of missing a paging message increases with the length of the DRX cycle and the time that the UE does monitor DL is relatively long. 
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