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1 Introduction
Rel-13 SI “Study on performance enhancements for high speed scenario in LTE” [1] has been discussed for several RAN4 meetings. One objective of the SI is to study the UE RRM performance in both existing and newly identified high speed scenarios. In the last RAN4 meeting, a WF [2] was agreed based on the discussions so far, which are copied below.  
	Identifying problems
· Existing minimum requirements including idle cell re-selection, RLM in DRX and cell identification in DRX are not suitable with some of the DRX cycle lengths for high speed train scenarios at speeds of 350km/h and beyond.
· 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.
Next work
· Companies are encouraged to provide possible approaches for the above identified issues for next meeting.


In this paper, we will provide our analysis on the RRM performance in high speed scenarios, as well as the possible solutions that can be considered to solve the identified problems.  
2 Discussion
DRX cycle length 
One of the design targets of LTE RRM is to enable UE power saving also from RRM related activities when UE is in DRX; as a result, the RRM requirements including those for idle cell re-selection, RLM and cell identification are scaling with configured DRX cycle length. For example, the minimum requirement for UE to identify a newly detectable intra-frequency cell is defined as in Table 1 below. 
The requirements with long DRX cycles are not suitable for high speed scenarios. For example, if we take the extreme case of 2.56s DRX cycle, the cell identification delay is 51.2s and the UE would have moved 4.98km (350km/h) before it can identify a detectable neighbor cell. This will ruin the mobility and make the requirement meaningless. 
Some companies propose to focus on short DRX cycles for high speed scenarios. For example, in [3] it is proposed to focus the study on DRX cycle up to 80ms for connected mode. In our view, limiting the DRX cycle length and re-using existing RRM mechanism is one reasonable way to go. As the main concern is the UE power consumption due to the unnecessarily shortened DRX cycle, this option can be used e.g. when charging facilities are deployed in the carriage of the high speed train.   
The existing requirements for short DRX cycles are relaxed compared to those for long DRX cycles, and this was designed to enable power saving with short DRX cycles since the RRM performance with long DRX cycles are considered as acceptable. As proposed by some companies, the requirements for short DRX cycles can be tightened by considering the most stringent requirements for all DRX cycles. We think this is a necessary enhancement for high speed scenarios. For example, in Table 1 the requirement for 0.04<DRX-cycle≤0.08 can be 20 cycles. 
Table 1: Current requirement to identify a newly detectable intra-frequency cell

	DRX cycle length (s)
	Tidentify_intra (s) (DRX cycles)

	≤0.04
	0.8 (Note1)

	0.04<DRX-cycle≤0.08
	Note2 (40)

	0.128
	3.2 (25)

	0.128<DRX-cycle≤2.56
	Note2(20)

	Note1: Number of DRX cycle depends upon the DRX cycle in use

Note2: Time depends upon the DRX cycle in use


One open issue with this option is the exact DRX cycle length, for which the existing RRM mechanism is supposed to work in high speed. There are many high speed scenarios envisioned by operators, and they have different characteristics from mobility point of view as shortly discussed in [4]; in addition, mobility related parameters (thresholds, counters, timers) are configured by eNB implementation, and this will also impact the acceptable level of RRM performance. Therefore, we think the upper limit of DRX cycle length should not be specified (hard coded) in the specification.
Proposal 1: Limiting the DRX cycle length and re-using existing RRM mechanism should be considered as one option. 
Proposal 2: Requirements for short DRX cycles should be tightened by considering the most stringent requirements for all DRX cycles.

Proposal 3: The upper limit of the DRX cycle length for which the existing RRM mechanism is supposed to work should be left to implementation. 

Consideration for long DRX cycles 

When DRX cycle is long and keeping the principle of no RRM related activity during DRX off, it is really difficult to work with the existing RRM mechanism. For example, as mentioned in section 2.1, UE may have moved 4.98km before it can identify a neighbour cell, and for a inter-site distance of 2km, this would mean UE already crossed (enter and then leave) the cell without knowing or confirming its existence. There would be no measurement report for the cell, and no HO can be performed by the network. Similar issues are there for RLM and idle mode cell reselection.
If long DRX cycles are required to work under high speed scenarios, new RRM mechanism should be considered. In existing RRM mechanism UE is expected to need multiple L1 samples to get one measurement or detection, for example, UE can take up to 20 samples to identify a detectable cell with 0.128<DRX-cycle≤2.56. 
One reason is that UE may not have any prior information about neighbor cells, so it has to perform blind detection for all possible cell IDs. Another reason is that averaging across multiple L1 samples may be needed to get a reliable decision, especially in fading channels.   
In high speed scenarios, since the base stations are typically deployed along the railway track, one cell should have full information about its neighbors. In addition, the UE will only move in the directions of the railway track, so this prior knowledge can be utilized by the UE to reduce the delay to detect the cell. In addition, with long DRX cycle the separation between the two L1 samples will be large; as a result, UE would see big difference in the signal strength from the cell that is under measurement or detection. We think this difference can also be considered to facilitate decision making for detection (in connected mode cell identification and idle mode cell reselection) or measurement (connected mode RLM). For example, in Figure 1 below the UE would try to detect Cell 2 every 2.56s, so it will see maybe a 2-3dB difference in the two consecutive L1 samples when it moves toward Cell 2. By observing the increased strength from Cell 2, UE could confirm the detection of it without averaging that is needed in existing RRM mechanism.  
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Figure 1: Example of signal strength difference in a cell detection process
If prior information about neighbor cells are utilized and differences between L1 samples are considered, we think the RRM requirements for long DRX cycles can be enhanced. In particular, with longer DRX cycle, UE would see larger difference between the L1 samples, so the number of needed samples (to confirm cell detection or out-of-sync) can be smaller. 
Proposal 4: If long DRX cycles are required to work under high speed scenarios, new RRM mechanism should be considered. One possible solution is enhancing the requirements by taking advantage of prior information of neighbor cells and/or considering the difference between L1 samples during measurement or detection.
3 Conclusions 
In this paper we provided our views on the identified problems in high speed RRM, more specifically the RRM requirements with long DRX cycles. We see limiting to short DRX cycles in high speed scenarios as a valid option to go, but we also try to give some solutions to enable the long DRX cycles to work in high speed scenarios.

Based on the analysis, we have the following proposals.  
Proposal 1: Limiting the DRX cycle length and re-using existing RRM mechanism should be considered as one option. 
Proposal 2: Requirements for short DRX cycles should be tightened by considering the most stringent requirements for all DRX cycles.

Proposal 3: The upper limit of the DRX cycle length for which the existing RRM mechanism is supposed to work should be left to implementation. 
Proposal 4: If long DRX cycles are required to work under high speed scenarios, new RRM mechanism should be considered. One possible solution is enhancing the requirements by taking advantage of prior information of neighbor cells and/or considering the difference between L1 samples during measurement or detection
A companion CR can be found in [2] according to the proposal. 
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