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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. In the last meeting the scenarios to be studied were agreed and tentatively included in the corresponding TR [1]. In this contribution we present a preliminary analysis of the scenarios and try to highlight possible limitations and areas where the study should focus going forward. 

2. Discussion

The scenarios agreed for study evaluation in the high speed train study item were agreed upon in RAN4#74 Bis and can be found in [1]. The scenarios are very diverse and have different characteristics and challenges. In this paper we present a preliminary analysis of the mobility performance in some of this scenarios and try to identify the more challenging scenarios where the study should focus going forward. Also, this analysis is for connected mode only.
The scenarios in [1] consist of 3 outdoor scenarios and one tunnel scenario(Scenario 2) that contains several deployment options.  In this contribution we discuss the outdoor scenarios as for the tunnel scenario it is not clear what propagation scenario should be used. Some channel models have been proposed, however, propagation models that could be used to check how signals from different sources change while UE is moving have not been discussed yet. We would also like to point out that several of the Scenario 2 deployments use the same cell ID, as such, there should not be any problems from a mobility procedure point of view. However, some propagation modeled should be developed for Scenarios 2b and 2e.
Below we present a simplified analysis for Scenarios 1, 3 and 4 that should allow the identification of possible problems that should be studied further. Based on the deployment scenarios we estimate the change of the receive signal strength at the UE and correlate this with the LTE mobility procedure delays. The UE is assumed to moved between 2 eNBs that are deployed along the railway. As the mobility procedures(Hand over) take place at the boundary between the 2 cells, we focus on this area for this brief analysis. Figures 1, 2, 3 and 4 show the UE received signal from 2 adjacent eNBs when the UE is moving along the railway(x axis shows distance in meters). The propagation model is the Suburban Macro with LOS found in [2]. Only the path loss is modeled since at such high speeds the fading effect over the UE measurements should be relatively low. A link level simulation could be run on top of this to better understand the impact of other propagation effects (fading and shadowing) and measurement errors.
The eNB Tx power is assumed to be 46dBm and no antenna pattern or antenna gain is included (the reason for the spike in Rx power in Figure 3 very close to eNB). Since the area of interest is where the signals from different eNBs are about the same strengths, the antenna pattern would be very similar and should not influence this analysis. For Scenario 1 we modeled the 2 RRHs between which there is a cell boundary(they are connected to different BBUs and have different cell IDs). The distance between these RRHs is 1km and 1.5km.
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Figure 1.UE Rx Power in Scenario 1 (1km RRH distance)    Figure 2.UE Rx Power in Scenario 1(1.5km RRH distance)
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Figure 3.UE Rx Power in Scenario 3 (1km RRH distance)                            Figure 4.UE Rx Power in Scenario 4
In order to assess whether any of these scenarios presents problems from a mobility point of view some received signal variation statistics. Table 1 shows the average amount of time during which the relative signal powers change by 1dB (the difference between eNB1 Rx signal and eNB2 Rx signal changes by 1dB). The statistics are collected around the point where signal from eNB2 becomes stronger than signal from eNB1, from the point where eNB1=eNB2+3dB to the point where eNB21=eNB2-3dB. The UE speed is 350km/h.
	Scenarios
	1 - 1km dist
	1 - 1.5km dist
	3 (TI)
	4 (Vdf)

	1dB variation time(s)
	0.25
	0.31
	0.37
	0.24


Table 1. Average amount of time for 1dB Rx signal strength change

From Table 1 it can be seen that the signal varies fastest in Scenario 4, however, the difference between scenario 1 and 4 is rather small. As such we propose to focus the analysis on Scenario 4 going forward. 
The mobility procedure delay can be described as follows: Cell identification(includes 1 measurement period)+ Time to trigger (TTT) configured by network +UE report delivery delay + Backhaul delay + HO Command deliver delay. The measurement delay in connected mode for different DRX cycles is summarized in Table. 2. TTT is configured by the network, in a high speed scenario it is reasonable to assume that the network will configure a very short TTT(close to 0) as the probability of ping-pongs is very limited. The backhaul delay was assumed to be 50ms in the hetnet mobility SI/WI in Rel.12. Modelling of the report delivery delay and HO command delivery delay is somewhat more complicated and depends on the DRX cycle length. In short DRX the delay is likely to be very small as there still is some message exchange between UE and eNB(~30-40ms). In long DRX the delay will be much longer as the UE may not have UL synchronization and need to start from RACH procedure and the eNB may have to wait longer until the DRX on duration to be able to send the message. However, in long DRX the UE may not have much data to send/receive so the overall impact may be smaller.

	DRX cycle length (s)
	Tidentify_intra (s) 

	≤0.04
	0.8 

	0.04<DRX-cycle≤0.08
	1.6 to 3.2

	0.128
	3.2 (25)

	0.128<DRX-cycle≤2.56
	5.12 to 51.2


Table 2(Based on Table 8.1.2.2.1.2-1 in 36.133) Cell identification delay with DRX
Considering all the above in Table 3 we present the overall delay for no DRX and 320ms DRX cycle as these are believed to be representative.
	Procedure
	Cell identification
	Measurement report delivery
	Backhaul delay
	HO command delay
	Total

	Delay for no DRX (ms)
	800
	20
	50
	10
	860

	Delay for 320ms DRX cycle (ms)
	6400
	50
	50
	300
	6800


Table 3. Mobility procedure delay
Based on Table 1, during the mobility procedures the signal change would be about 3.5dB in the connected case and ~28dB for the DRX case. If the A3 trigger is set to a low enough value(e.g. 0dB) the connected mode hand over should not be very challenging, however, if the UE is in DRX with a 320ms cycle it will most likely experience a hand over failure. 

From the table it is clear that the cell detection delay is by far the longest. If interference from other cells in the network is relatively small(dedicated network for high speed train or no nearby cells) the UE should be able to detect new cells relatively early(~-5dB or -6dB compared to the serving cell) and should be able to maintain some connectivity with the serving cell until the target cell becomes much stronger(6dB or stronger compared to serving cell). As such, the overall interference present in the system is likely to have a big influence on the mobility procedures.
As can be seen from the above analysis, there could be possible mobility problems with longer DRX cycles. A more thorough analysis with different parameters and better link level modeling could be very useful in clarifying the extent of the problems in connected mode. Furthermore, mitigation effects of link recovery mechanisms that were introduced in Rel.12 during the Hetnet mobility WI(e.g. early termination with T312) should also be considered. 
In this paper we did not present any analysis for the idle mode where some possible problems were presented in [3]. Some paging loss probability analysis for the above scenarios could be very valuable in identifying problems.
3. Conclusion
 In this paper we presented a brief analysis of mobility procedures for the agreed scenarios. Based on our analysis there is a potential for mobility failures, especially with a longer DRX cycle. A more thorough analysis with different parameters and some link level modelling would be useful in clarifying the extend of the problems.
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