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1. Introduction

Further performance enhancement for LTE in high speed scenario will be discussed in the Feb. meeting [1]. The objectives in the WID are duplicated as below,

	The core part of this WI include

· Extend the RRM/demodulation enhancement to CA in release 14 HST scenario [RAN4/RAN2]

· At least, extend Rel-14 RRM/demodulation enhancement to CA case 

· The following new scenario are considered for non-CA case [RAN4]

· The target speed is 500km/h

· SFN scenario defined in TS36.101 and TR36.878 with bidirectional coverage for tunnel and open space 

· SFN scenario defined in TS36.878 with unidirectional coverage for tunnel and open space

· More discussion on how to specify the general unidirectional antenna pattern 

· In addition to SFN scenarios, other deployment scenarios are not precluded
· Evaluate the downlink and uplink demodulation performance under the above scenarios, using the existing LTE CRS/DMRS, and study possible enhancements of the downlink and uplink demodulation under those scenarios, aiming to provide inputs to RAN2 if needed [RAN4] 

· New or modified physical layer reference signals shall not be considered

· Change for PRACH shall not be considered 

· The maximum Doppler shift supported by the LTE CRS/DMRS transmission schemes is to be determined by RAN4

· If RAN4 identifies the necessity for enhancements, define relevant signaling support [RAN4/RAN2]

· Investigate the RRM measurement performance in the high speed scenario [RAN4]

· If RAN4 identifies the necessity for enhancements, define relevant signaling support [RAN4/RAN2]

· Investigate the robustness for RLM in the high speed scenario [RAN4]

·  If RAN4 identifies the necessity for enhancements, define relevant signaling support [RAN4/RAN2]

The performance part of this WI include
· Specify the necessary RRM test cases
· Specify measurement accuracy requirements for the new scenarios
· Specify the necessary UE demodulation performance requirements, and CSI reporting requirements if any

· Specify the necessary BS demodulation performance requirements if any.


In this contribution, we provide the preliminary analysis on the further performance enhancement for LTE in high speed scenario Release 16 from RRM point of view.
2. Discussion
· Enable CA
The WI High speed performance enhanced was completed in LTE Release 14. Three types enhancement in high speed are introduced: measurement enhancement, demodulation enhancement (advanced receiver) and enhanced PRACH. For the former two enhancements, the corresponding signalling is specified in TS36.133 as below.
	HighSpeedConfig-r14 ::=


SEQUENCE {


highSpeedEnhancedMeasFlag-r14


ENUMERATED {true}



OPTIONAL,
-- Need OR


highSpeedEnhancedDemodulationFlag-r14
ENUMERATED {true}



OPTIONAL
-- Need OR

}
HighSpeedConfigSCell-r14 ::=

SEQUENCE {


highSpeedEnhancedDemodulationFlag-r14
ENUMERATED {true}



OPTIONAL
-- Need OR

}


It can be seen that there is already related signalling to enable demodulation enhancement on SCell in high speed scenario in R14. But the RRM enhancement applies only to PCC rather than SCC. In realistic deployment, in order to further increase the throughput under the high speed scenario, the carrier aggregation is one of the realistic approaches from operator’s perspective. The straight forward way is to introduce the highSpeedEnhancedMeasFlag into the SCell as well. It is expected to send an LS on the RRC signaling on SCell to RAN2.
Proposal 1: highSpeedEnhancedMeasFlag shall be applied into the SCell.

· 500km/h target speed 
The target speed is 500km/h in the R16 HST enhancement. It means UE will move 138m with 1s. As we know, in R14 the measurement enhancements are introduced:
· Shorten the intra-frequency measurement period of cell re-selection in idle state (Section 4.2.2.3 of 36.133)
Table 4.2.2.3-3 : Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra and Tevaluate, E-UTRAN_intra for UE configured with highSpeedEnhancedMeasFlag
	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
	3.2 (10)
	0.32(1)
	0.96(3)

	0.64
	6.4 (10)
	0.64 (1)
	1.92 (3)

	1.28
	12.8(10)
	1.28 (1)
	3.84 (3)

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


· Shorten the intra-frequency cell detection and measurement period with DRX configured in connected state (Section 8.1.2.2.1 and 8.1.2.2.2 of 36.133)
	DRX cycle length (s)
	Tidentify_intra (s) (DRX cycles)

	≤0.04
	0.8 (Note1)

	0.04<DRX-cycle≤0.08
	Note2(15)

	0.08<DRX-cycle≤1.28
	Note2(10)

	1.28<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.


Taking DRX=0.32s in idle as an example, UE needs 3.2s to perform cell reselection criteria and the corresponding moved distance is 442m in idle mode. As the collected high speed scenarios in R14 HST SI phase [TR 36.878], 2km ISD between eNBs is a common deployment. 442m is not a small distance compared with 2000m. As 0.32s is the smallest DRX cycle in idle mode, if longer DRX cycle is configured, longer cell reselection time is consumed.
Observation 1: The current measurement requirements in idle mode is not applicable with 500km/h velocity.
In connected mode, when no DRX is used, the cell identification time is 800ms and it means that UE will move 111m during UE identifying a new cell with 500km/h velocity. Whether the measurement requirement fits such high speed depends on the realistic deployment. The feedback from operator is expected.
Observation 2: Whether the measurement requirements when no DRX is used need to be enhanced depends on the realistic deployment.
In connected mode, when DRX=1.28s is configured, UE needs 12.8s to perform cell identification and 1766m is moved. Recalling the similar discussion in LTE R14, certain company suggest only small DRX cycles are configured in high speed scenario. Firstly as the feedback from operator at least 160ms DRX cycle is configured for UE in high speed scenario, it means UE will move 220m during cell identification procedure with 500km/h speed. Secondly power saving is an important topic for UE side, and the non-DRX or small DRX configuration is contradictory to power saving. Thirdly the DRX configuration mostly depends on traffic mode not highly depends on the scenario. Consequently the measurement requirement in DRX shall be further enhanced with 500km/h velocity.
Observation 3: The current measurement requirements in DRX shall be further enhanced with 500km/h velocity.

How to fasten the measurement, the straight forward way is to shorten the measurement samples. This approach needs to consider the implementation limitation and complexity. This needs further discussion and evaluation.
Proposal 2: The current measurement requirements in DRX shall be further enhanced with 500km/h velocity. The detailed method shall be further discussed.
· Measurement and activation in CA

In CA scenario, the measurement on the SCC with deactivated SCell is specified in section 8.3.3.2 where Tidentify_scc = 20 measCycleSCell and Tmeasure_scc = 5 measCycleSCell.  The shortest measCycleSCell configuration is 160ms, thus the cell identification delay and measurement period are intolerable in some high speed scenarios with 500km/h.
Proposal 3: The measurement requirements of SCC with deactivated SCell shall be enhanced with 500km/h velocity.
The SCell activation procedure, the SCell activation delay is dozens millisecond level. In our understanding, such enhancement on SCell activation delay is not so essential. Considering the work plan of the WI, only three meeting cycles are planed for the core part, we suggest to focus on the essential topics which need enhancement.
Proposal 4: There is no need to enhance SCell activation delay in this WI.
· Robust RLM
The purpose of radio link monitoring is to monitor the link quality and judge the RLF and trigger RRC re-establishment in time. However in high speed scenario, even UE falls into a coverage hole, UE will move to a better coverage with high probability. As we know RRC re-establishment will consume considerable time, thus it is expect not to trigger the procedure if not needed. Robust RLM in high speed scenario may have multiple solutions. E.g., set a larger number of out-of-syc indictor or set a long timer. Other solutions are not precluded. In summary robust RLM need to be evaluated.
Proposal 5: Robust RLM need to be evaluated in high speed scenario.
3. Conclusions

This contribution provides the discussion on CSSF, inter-frequency and inter-RAT measurement in TS36.133. The proposals are provided as below,
Proposal 1: highSpeedEnhancedMeasFlag shall be applied into the SCell.

Observation 1: The current measurement requirements in idle mode is not applicable with 500km/h velocity. Observation 2: Whether the measurement requirements when no DRX is used need to be enhanced depends on the realistic deployment.
Proposal 2: The current measurement requirements in DRX shall be further enhanced with 500km/h velocity. The detailed method shall be further discussed.
Proposal 3: The measurement requirements of SCC with deactivated SCell shall be enhanced with 500km/h velocity.
Proposal 4: There is no need to enhance SCell activation delay in this WI.

Proposal 5: Robust RLM need to be evaluated in high speed scenario.
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