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1. Introduction
In last three RAN4 meetings, RRM impacts under high Doppler condition have been discussed. And it is planned to make the consensus on introducing new work item in RAN4#70 meeting. In this contribution, we provide some test results based on our real high-speed rail network, and present our analysis on RRM impacts under high-speed rail scenario.
2. Test results
In order to investigate the RRM impacts on high Doppler condition, a test was conducted based on our real high-speed rail network. Figure 1 shows the high-speed rail network deployment in our test. The test section is the northern part of Beijing to Tianjin high-speed rail, which distance is 49.3km and covered by 22 intra-frequency Macro eNBs in Band 41 (2.6GHz). 
[image: image1.png]Natural History — =\
Museum — 4 DL

arnismE

?.:g;nd-mngﬂd




Figure 1: The network deployment of Beijing to Tianjin high-speed rail
The average speed of the northern part of Beijing to Tianjin high-speed rail is 300km/h. So the maximum Doppler shift is about 722Hz where the operation band is Band 41. Since the average diameter of macro cells is about 500-600km. It takes only 7s for the high-speed train to pass through a cell. Thus, the high speed and Doppler shift will cause various problems, such as RSRP/RSRQ measurement error, handover failure, radio link failure, RRC setup failure, and low speed of data services.
Table 1 shows the test results on RRM performance of high-speed rail, including radio link failure, handover success rate, RRC setup success rate and PDCP download speed. The typical values of these indicators in our LTE network are also listed in Table 1. By contrast, it is observed that RRM performance of high-speed rail is not very good. With such performance, LTE system and user experience cannot be guaranteed in high-speed rail scenario. 
Table 1: High-speed rail performance
	Performance Indicator
	 Test values
	Typical values

	Radio Link Failure
	4
	-

	Handover Success Rate (%)
	80%
	>98%

	RRC Setup Success Rate (%)
	75.00%( 30 / (30 + 10))
	100%

	PDCP Download speed
	2.6Mbps
	>20Mbps


3. Discussion
In section 2, test results on RRM performance based on real high-speed rail network are provided. According to the results, it seems that some of the current RRM requirements might be problematic under high Doppler condition. In this section, considerations on RRM issues under high Doppler condition are presented.
· RSRP/RSRQ accuracy

Operators observed that there is a significant difference between chipsets under high Doppler condition for RSRP/RSRQ [1], which means that RSRP/RSRQ measurement accuracy is reduced under high Doppler condition. Due to the large difference among chipsets, LTE coverage can be different according to different chipsets. The poor UEs would handover to 3G/2G frequently, and lead to low downloading speed, which is only 2.6Mbps according to Table 1. What’s more, the reduced RSRP/RSRQ measurement accuracy will lead to various problems, such as handover failure, whose rate is 20% according to Table 1 (note that we adopt RSRP based handover for our intra-frequency network).
Thus, we believe that RSRP/RSRQ accuracy is worth studying. New test cases and requirements should be considered under high Doppler condition.

· Cell reselection
In TS 36.133, cell reselection latency requirements are defined in Table 2 for intra-frequency measurement.
Table 2: Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra and Tevaluate, E-UTRAN_intra 
(referred to [2] Table 4.2.2.3-1)
	DRX cycle length [s]
	Tdetect,EUTRAN_Intra
[s] (number of DRX cycles)
	Tmeasure,EUTRAN_Intra 
[s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra

[s] (number of DRX cycles)

	0.32
	11.52 (36)
	1.28 (4)
	5.12 (16)

	0.64
	17.92 (28)
	1.28 (2)
	5.12 (8)

	1.28
	32(25)
	1.28 (1)
	6.4 (5)

	2.56
	58.88 (23)
	2.56 (1)
	7.68 (3)


Take DRX cycle length (0.32s) as an example, the moving distance for detecting a cell is about 959m (300km/h*11.52s) and the moving distance for evaluating a cell is about 427m (300km/h*5.12s). Compared to the diameter of a cell (500m-600m), these moving distances are too long for a UE to find a suitable cell. The cell reselection latency may lead to RRC setup failure, whose rate is 25% according to Table 1. Expect for intra-frequency cell reselection, inter-frequency and inter-RAT cell reselection is also problematic. Especially for inter-RAT, since the detecting and evaluating time are much longer (see Table 3). 
Thus, we think new requirements and test cases for cell reselection should be investigated in high Doppler RRM issue.

Table 3: TdetectUTRA_TDD, TmeasureUTRA_TDD and TevaluateUTRA_TDD 
(referred to TS 36.133 Table 4.2.2.5.2-1)

	DRX cycle length [s]
	TdetectUTRA_TDD [s]
	TmeasureUTRA_TDD [s] (number of DRX cycles)
	TevaluateUTRA_TDD

[s] (number of DRX cycles)

	0.32
	30
	5.12 (16)
	15.36 (48)

	0.64
	
	5.12 (8)
	15.36 (24)

	1.28
	
	6.4(5)
	19.2 (15)

	2.56
	60
	7.68 (3)
	23.04 (9)


· Radio link monitoring
Radio link monitoring is an important issue in high Doppler condition. UE shall monitor the downlink link quality based on estimating the downlink radio link quality and comparing it to the thresholds Qout and Qin. In the current TS 36.133, these are no RLM test cases for high Doppler condition. It is not sure whether UE can report in-sync and out-of-sync correctly. So new test cases need to be introduced to verify the functionality of RLM under high Doppler condition.
As to other important RRM requirements including RRC re-establishment and cell identification, it is also necessary to check whether UE’s performance can be satisfied or not under high Doppler condition, since there is no high Doppler test cases. So it is proposed to further study the high Doppler impacts for RRM in RAN4, including RSRP/RSRQ measurement accuracy and other problematic RRM issues.
4. Conclusion
In this contribution, test results and considerations on RRM based on our real high-speed rail network are provided. According to the results, it seems that some of the current RRM requirements are problematic under high Doppler condition. So we propose to further study the high Doppler impacts for RRM in RAN4, including RSRP/RSRQ measurement accuracy and other problematic RRM issues.
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