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1 Introduction and background
One of the objectives of the new work item on Even Further Enhanced MTC for LTE [1] is to improve the mobility support for CEModeA. The exact objective is stated as follows:
	· Support higher UE velocity [RAN4 lead, RAN2]
· Specify support in CE mode A for higher velocities (e.g. [200] km/h) without physical layer changes.


In RAN4#84 and RAN2#99, some companies have discussed different aspects of higher UE velocity in Rel-15 MTC . It is worth, however, noting that there has no agreement reached in RAN4.

Observation 1 RAN4 has not yet agreed on how high the higher velocity of CEModeA UE should be.
From a RAN2 perspective, higher UE velocity may affect existing procedures, which requires further enhancements. Therefore, while waiting for the agreements in RAN4, RAN2 can start discussions about some potential implications of higher CEModeA UE velocity on RAN2 aspects such as mobility state, handover delay, and signaling to support the feature.
2 Discussion
2.1 General aspects
RAN4 is responsible for deciding the doppler frequency (i.e., propagation channel model) for RRM requirements. Given the relation among the velocity of the UE, carrier frequency, and the doppler frequency, the agreements on the doppler propagation channel may result in changes in RRM procedures. 

In order to support higher velocity, RAN4 evaluates different RRM procedures and verifies their performance under higher velocity. In our view, RAN2 should wait for the RAN4 agreement to revisit potential RAN2 aspects. For example, in case RAN4 agrees on the ETU70 as the doppler frequency [4], which is currently used for requirements of Cat 0 UEs, no RAN2 work is foreseen. Note that this doppler frequency has received the most attention from companies in RAN4#84. 
Observation 2 If ETU 70 Hz is adopted as the doppler frequency for higher CEModeA UE velocity, no RAN2 work is foreseen.
Proposal 1 RAN2 should wait for RAN4 decision regarding the propagation channel before analysing potential RAN2 aspects.
On another note, category M1 requirements were previously studied under ETU30, while the category 0 performance was studied under ETU70 channel model. The cell search performance, i.e., cell identification delay and RRM measurement performance for Rel-13 CEModeA UEs under ETU70 channel model are studied and presented in RAN4 [4]. In our view, the high velocity CEModeA UEs have mobility behavior similar to the LTE-M UEs in Rel-13/14, i.e., under ETU30 channel.
Observation 3 High velocity CEModeA UEs are assumed to have mobility behavior similar to the LTE-M UEs in Rel-13/14.
While waiting for the input from RAN4, RAN2 could take a look at some possible aspects such as mobility state, handover delay and signaling, as detailed in the following.
2.2 Mobility state and handover delay
In LTE, mobility state of a UE indicates how frequent the UE reselects cells, i.e., normal-mobility, medium-mobility, and high-mobility. As specified in TS36.304, the parameters to determine mobility state (i.e., TCRmax, NCR_H, NCR_M and TCRmaxHyst) are sent in the system information broadcast of the serving cell. In addition to this, there are scaling factors sf-High and sf-Medium used to multiply with the mobility control related parameter, i.e., the cell reselection timer value TreselectionRAT to further refine the mobility state detection criteria. The speed state scale factors have value of either 0.25, 0.5, 0.75, or 1.0. Thus, with mobility state parameters and scaling factors, high velocity of UE can be represented without a need for additional information. In other words, when CEModeA UEs travel with high velocity, there should be no impact on current mobility state management.

Observation 4 Support of higher velocity for CEModeA UEs has no impact on management of UE mobility state.
Regarding handover delay, it is important to evaluate if HO is supported with the higher speeds of CEModeA UEs. That is, whether the HO signalling can be completed within allowed handover delay. 
According to TS 36.133 [5], section 5.1.2, when the UE receives a RRC message implying handover, it shall be ready to start the transmission of the new uplink PRACH channel within handover delay Dhandover seconds from the end of the last TTI containing the RRC command. Dhandover is the sum of RRC procedure delay and the “interruption time”. The interruption time is defined as the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH, excluding the RRC procedure delay. The maximum allowed interruption time is 130ms. Whereas, according to TS 36.331 [6], the maximum allowed delay for RRC procedure for handover is 15ms. Thus, in the case of intra E-UTRAN handover, the maximum handover delay budget Dhandover is 145ms.

Figure 1 below shows intra E-UTRAN handover procedure with the focus on handover execution phase, i.e., only step 7 to step 11.
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Figure 1: Handover execution procedure (Adopted from TR 36.881, Figure 5.1.2-1)

In case of CEModeA UE with maximum of 32 repetitions, i.e., PRACH, MPDCCH, PUCCH are transmitted in 32 TTIs, the HO delay Dhandover is detailed as in Table 1 below.
Table 1: Typical radio access latency components during handover for CEModeA UE (Adopted from TR 36.881)

	Component/ Step
	Description
	Time (ms)

	7
	RRC Connection Reconfiguration Incl. mobilityControlInfo
	15

	8
	SN Status Transfer
	0

	9.1
	Target cell search
	0

	9.2
	UE processing time for RF/baseband re-tuning, security update
	20

	9.3
	Delay to acquire first available PRACH in target eNB
	32

	9.4
	PRACH preamble transmission
	32

	
	Typical Total delay [ms] 
	99


Thus, the maximum value of Dhandover is 99ms for CEModeA UEs, which is within the range of acceptable handover delay, specified in TS 36.133.

Observation 5 Support of higher velocity for CEModeA UEs has no implication on handover delay requirement.

2.3 Signaling for support of higher UE velocity

In case there would be any impact on RAN2 aspects when the UE travels with high velocity, the eNB would need to apply some other configuration for the UE, e.g., the HO parameters. Since this is an eNB decision, the eNB must know if the UE is capable of high velocity or not in order to handle the possible configuration changes. Thus, signaling of UE capabilities regarding high velocity would be necessary in this case.

Observation 6 It is beneficial that the CEModeA UEs indicate to the eNB they are capable of high velocity.

In addition, similar to the high speed train scenarios in legacy LTE [3], we assume that the eNB may be able to indicate that the high velocity feature for CEModeA UEs is enabled or not. If it is enabled, the UE will apply high velocity RRM requirements. Enhanced cell identification and measurements directly link to the increase in UE power consumption and therefore decrease in UE battery life.
Observation 7 It may be required that the eNB signals to indicate to CEModeA UEs whether the high velocity feature is enabled or not.

3 Conclusion
In this contribution, we have discussed some RAN2 aspects of the higher UE velocity for Rel-13 MTC UEs in CEModeA. In brief, we have made the following observations:
Observation 1
RAN4 has not yet agreed on how high the higher velocity of CEModeA UE should be.
Observation 2
If ETU 70 Hz is adopted as the doppler frequency for higher CEModeA UE velocity, no RAN2 work is foreseen.
Observation 3
High velocity CEModeA UEs are assumed to have mobility behavior similar to the LTE-M UEs in Rel-13/14.
Observation 4
Support of higher velocity for CEModeA UEs has no impact on management of UE mobility state.
Observation 5
Support of higher velocity for CEModeA UEs has no implication on handover delay requirement.
Observation 6
It is beneficial that the CEModeA UEs indicate to the eNB they are capable of high velocity.
Observation 7
It may be required that the eNB signals to indicate to CEModeA UEs whether the high velocity feature is enabled or not.


Based on the observations, we make the following proposals: 

Proposal 1
RAN2 should wait for RAN4 decision regarding the propagation channel before analysing potential RAN2 aspects.
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