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1. Introduction
Recently, the discussion on performance requirement under high Doppler environment, that is high speed environment, based on UE demodulation and UE RRM point of views has been held separately. However, although the performance under high speed environment is guaranteed in terms of a specific point of view, it is hard to say that the total performance is guaranteed in E-UTRA system under high speed environment. On the other words, in order to ensure the characteristics of the high speed environment, it is necessary to consider the comprehensive specification of all relevant BS, UE demodulation, and UE RRM. In this contribution, we describe the target and direction of guaranteeing the performance of UE towards the higher speed environment. 

2. Motivation of this WI

2.1. Situations and demands in the countries
In some countries, there are several vehicles moving with the speed over than 300km/h. For example, Japan Tohoku Shinkansen moves with maximum speed up to 320km/h, while AGV Italo, in Europe, runs over than 400km/h, and on top of this, Shanghai Maglev moves even faster with maximum speed up to 430km/h. In addition, in Japan, the new high speed train, known as linear motor car, with maximum speed up to 500km/h will be in introduced in 2027. With the increase of high speed moving environment, the demand of using mobile phones in such an environment in E-UTRA is growing larger. Therefore, it is important to guarantee the performance under such environment in E-UTRA. Since the maximum speed up to or over 500km/h is a matter of future discussion, assuring the performance of E-UTRA in the current existing environment, that is 400km/h, can be firstly considered as one of the targets.
2.2. Performance requirement in current specification 
The scope of E-UTRA with regard to the mobility speed is captured below [1]. Focusing on the following scope, mobility up to 500 km/h has been included in the scope of E-UTRA. 

Mobility across the cellular network shall be maintained at speeds from 120 km/h to 350 km/h (or even up to 500 km/h depending on the frequency band).
The performance, however, cannot be guaranteed with the moving speed up to 500km/h in the current specification [2, 3, 4]. Specifically, the maximum speed being guaranteed in BS, UE demodulation, the UE RRM characteristics can be described as follows.
BS requirement [2]
In high speed train condition, the UE performance can be guaranteed with moving speed up to 350km/h. 

UE Demodulation requirement [3]
In high speed train condition, the UE performance with moving speed up to 300km/h can be guaranteed, while in the multipath fading condition, performance with maximum Doppler frequency equals to 300Hz is assured. This means that if the deploying frequency is 2GHz, the speed is equivalent to150km/h. Besides, at the present time, the necessity of maximum Doppler frequency equals to 600Hz is being discussed, which means that if the carrier frequency equals to 2GHz is assumed, the speed about 300km/h can be expected.

UE RRM requirement [4]
In the multipath fading condition, performance with maximum Doppler frequency equals to 70Hz is guaranteed. This means that if the deploying frequency is 2GHz, the speed is equivalent to 40km/h. Besides, at the present time, the necessity of maximum Doppler frequency equals to 600Hz is being discussed, which means that if the carrier frequency equals to 2GHz is assumed, the speed about 300km/h can be expected.

As described above, the maximum speed where the performance is guaranteed in the current 3GPP specification is up to 350km/h in term of BS performance, and therefore, it may not be able to ensure the performance of UE when the speed of vehicles is around 400km/h in the current specifications. In addition, the maximum speed guaranteed in BS, UE demodulation, and UE RRM specifications are different. This means that even though the speed up to 350km/h is guaranteed in term of BS performance, it does not mean that the same speed can also be guaranteed in term of UE demodulation and UE RRM performance as well. Therefore, even the uplink communication can be done with UE moving speed up to 350km/h, the downlink communication may not be able to do so; which means that the performance guaranteed in a certain point of view is not enough unless the both BS and UE point of views are taken in to account.

2.3. Necessity of performance requirement under high speed environment
To clarify the current UE performance, the experimental evaluation of PDSCH and PDCCH performances with real UE chipsets were performed under EVA600 environment [5, 6]. As a result, it was found that some chipsets performance degraded significantly when the maximum Doppler frequency is equals to 600Hz. Therefore, it can be said that the performance of UE may degrades largely in the high speed environment. In addition, even it is agreed to introduce the performance requirements with maximum Doppler frequency equals to 600Hz to the current specification, the moving speed up to 400km/h cannot be guaranteed.
3. Content of this WI
In this section, we discuss in which point of view should be taken into account to investigate the way to guarantee the performance of E-UTRA under high speed environment.
3.1. Impact of moving speed on performance
Moving speed is one of the factors affecting the characteristics of mobile communication. The relationship between moving speed and performance can be described as the following.

Case 1: Same frequency band assumed in communication

When the moving speed becomes faster, the maximum Doppler frequency becomes larger. Thus, when the maximum Doppler frequency is getting larger, it is necessary to consider the influence of the following two aspects:
One is about the effect of Doppler shift. When the Doppler frequency is getting larger, the maximum Doppler shift is also getting larger. Therefore, when compared at the same carrier frequency, as the moving speed is faster, there must be compensation for variations caused by the Doppler shift, where the cycle is supposed to be faster and larger. The performance in this case is guaranteed by the test assuming HST model in the current specification. Another important point needed to be considered when maximum Doppler frequency becomes larger is Doppler spread. In multipath fading environment, the faster the moving speed, the faster channel fluctuation becomes. Therefore, when compared at the same carrier frequency, as the moving speed is faster, Doppler spread estimation capability and channel / noise estimation with higher accuracy is required. The performance is guaranteed by the existing test of current specification assuming multipath fading model. As described above, to perform communication appropriately in very speed environment, it is necessary that the performance is guaranteed in terms of two propagation conditions.

Case 2: Lower frequency band assumed in communication

The maximum Doppler frequency is determined by carrier frequency and moving speed. This means that even if the moving speed becomes faster, using a low frequency, the maximum Doppler frequency is not increased, and thus, in this case, the influence of the increase in the maximum Doppler frequency is not big. However, the variation of the Doppler shift cycle will be as fast as Case 1 mentioned above. That is, there must be compensation for variations caused by a faster cycle of Doppler shift.
3.2. Impact on specification

The performance requirement is considered based on BS, UE demodulation, and UE RRM point of views.

3.3. Objective
The objectives of this WI are divided into two parts.

1. The 1st part:
Comprehensively enhancing the existing requirements for UE RRM, UE demodulation and BS demodulation
Scope: 
· Moving speed: at least 350km/h (up to 400km/h is the within the scope)
· Carrier frequency: up to 2.7GHz

· Note that the detailed target will be fixed after identifying the demand

Associated requirements to be enhanced:
· BS: PUSCH and PRACH
· UE RRM

· Accuracy

· Timing requirements

· RLM (Radio link monitoring): Judgments of In Sync and Out of Sync
· RRC Re-establishment timing: the current specified timing is quite long. While attempting to reconnect to the network, UE may have moved far away from the current location already.

· Cell Selection/Reselection: Measurement interval is quite long, and therefore it may have cut from the network before attempting reselection.
· UE demodulation

· Demodulation performance of received PDSCH, PDCCH, PBCH, PHICH, PCFICH, and ePDCCH.
2. The 2nd part:
Identifying other new conditions to affect the system performance for E-UTRA under high speed environment. Note that the motivation comes from that the assumption that the currently defined specifications may not be sufficient to more appropriately guarantee the system performance for E-UTRA under high speed environment.
· If any is identified, we aim to specifying necessary requirements for this purpose.
4. Conclusion

Based on the above observation, we believe that a new WI is necessary to comprehensively discuss and specify necessary requirements for high speed environment. Thus, we propose a new WI for this purpose in [7].
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