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1. Introduction
One of the objective in Rel-15 eMTC enhancement WI [1] is to support higher UE velocity. 

· 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, there was initial discussion but there was no agreement on how to make progress on this issue. In this contribution, we provide our view on potential enhancement for eMTC UE to support higher speed scenario. 

2. Discussion
2.1. Existing RRM requirements for eMTC UE
eMTC UE is required to support mobility both in idle and connected mode and RAN4 specified corresponding RRM requirement to support idle and connected mode mobility in Rel-13. In Rel-14, RRM requirements for eMTC UE is further extended to support inter-frequency mobility as well as RSRQ measurement support. 
For connected mode mobility, eMTC UE requires measurement gap even for intra-frequency measurement since MPDCCH/PDSCH narrowband might not overlap with center 6 RB where UE is supposed to make intra-frequency neighbor cell measurement. Table 1 shows intra-frequency cell identification and measurement period requirements for non-DRX case. If we ignore gap sharing parameter Kintra_M1_NC, the requirement implies that UE is required to identify newly detectable cell within 36 measurement gaps and measure detected cell once in 12 measurement gaps. On the other hand, legacy LTE UE with 2 Rx chain is required to identify neighbour cell within 800ms and measure detected cells every 200ms. Category 0 UE with 1 Rx chain is required to identify neighbour cell within 1000ms and measure detected cells every 400ms. 
Observation 1. Cell identification delay and measurement period requirements for eMTC UE is about twice as large as legacy LTE device requirements mainly due to single Rx measurement. Cell identification delay and measurement period requirements for eMTC UE is slightly larger than Category 0 UE requirements due to measurement using gap. 
Table 1: Requirement on cell identification delay and measurement delay for FDD intra-frequency cell

	Gap pattern ID
	Cell identification delay (Tidentify_intra_UE cat M1)
	Measurement delay (Tmeasure_intra_UE cat M1)

	0
	1.44 * Kintra_M1_NC seconds
	480 * Kintra_M1_NC   ms

	1
	2.88 * Kintra_M1_NC  seconds
	960 * Kintra_M1_NC ms


Compared to legacy LTE UE or category 0 UE, one key difference is that RRM requirements are scaled by gap sharing factor Kintra_M1_NC, which is configured by eNB and can be in the range of 1.67~2.5. 
Observation 2. Gap sharing between intra-frequency and inter-frequency measurement can further increase intra-frequency neighbor cell identification delay and measurement period for eMTC UE. 
2.2. RRM requirements enhancement for high speed scenario
In Rel-14, RAN4 introduced enhanced RRM requirements for high speed train deployment scenario. The major outcome of the HST WI was
· RRM measurement requirements was enhanced only for intra-frequency requirements. Enhancement for inter-frequency requirements was deprioritized. 
· Enhancement was made by reducing measurement period. To meet the requirement, UE is required to perform more often intra-frequency RRM measurements compared to legacy LTE UE. 

· To avoid negative impact on UE’s power consumption, RRM requirements for high speed train scenario is triggered by cell-specific RRC signaling. 
· There was no change in measurement accuracy requirements. 
Since RAN4 put a lot of effort and time to come up with above enhancement, it would be desirable that RAN4 reuse outcome of HST RRM discussion as a starting point for eMTC UE’s RRM enhancement in high speed scenario. 
Observation 3. It is desirable that RAN4 reuse outcome of HST RRM discussion as a starting point for eMTC UE’s RRM enhancement in high speed scenario.
2.3. Enhancement for eMTC UE
2.3.1.  Intra-frequency vs inter-frequency

Rel-13 eMTC UE supports only intra-frequency mobility while eMTC UE’s mobility is being extended to inter-frequency in Rel-14. Since there could be both Rel-13 and Rel-14 eMTC UE, from deployment point of view, it is critical that eMTC network supports reasonable coverage with only intra-frequency mobility. Therefore, it will be more beneficial to focus on intra-frequency RRM enhancement for high speed UE. 
In HST enhancement, RAN4 also decided to deprioritize inter-frequency RRM enhancement since it more important to maintain mobility performance for intra-frequency scenario. 
Proposal 1. RAN4 should focus on intra-frequency RRM enhancement in high speed scenario for eMTC UE. 

2.3.2. Reducing cell identification and measurement delay
It was possible for legacy UE to reduce cell identification and measurement delay in HST deployment by mandating UE to make more often cell search and measurement at the expense of increased power consumption. However, for eMTC UE, it is not straightforward to reduce the delay since eMTC UE can perform cell search and measurement only in measurement gap. Obviously, eNB can configure gap pattern 0 instead of gap pattern 1 for high speed deployment. However, further reduction is not easy since cell identification and measurement delay is simply determined by detection performance or measurement accuracy requirements to be met at given SNR side condition. For example, for reduction of measurement period, RAN4 can pursue following two options. 
· Option 1: Relax measurement accuracy requirement so that that UE can report measurement after smaller number of observation. 
· Option 2: Mandate UE to implement higher complexity measurement algorithm that can meet existing measurement accuracy requirements with less observation. 
Observation 4. It is not straightforward to reduce cell identification and measurement delay since eMTC UE can perform cell search and measurement only in measurement gap.

Proposal 2. RAN4 should investigate pros and cons of possible solutions for reducing cell identification and measurement delay. 
2.3.3. Measurement accuracy
Depending on the outcome of RAN4 discussion on how to reduce measurement delay, RAN4 also needs to discuss the impact of the solution on the measurement accuracy. As we noted in section 2.2, RAN4 did not change measurement accuracy requirement when measurement period was reduced in HST deployment scenario. Since basic mobility design for eMTC deployment will be based on measurement accuracy specified in Rel-13, it would be desirable to keep same measurement accuracy requirement. 
One caveat of this argument is that, in Rel-13, RAN4 determined measurement accuracy based on simulation only up to 30Hz Doppler frequency. To evaluate the impact of increased Doppler frequency, we ran simulation for RSRP measurement accuracy and obtained the simulation results in figure 1.  When CINR is -6dB, i.e., in CEModeA, RSRP measurement accuracy is improved as Doppler frequency increases maybe due to higher time diversity in measurement. On the other hand, at CINR -15dB, the biggest challenge in RSRP measurement is large measurement bias due to insufficient processing gain. We can observe that statistics on measurement bias is not affected by Doppler frequency in the propagation channel. 
Observation 5. In CEModeA, measurement accuracy is improved as Doppler frequency increases. In CEModeB, measurement error is not affected by Doppler frequency. 
Proposal 3. There is no need to revise measurement accuracy for high speed eMTC UE. 
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Figure 1. RSRP measurement error in high Dopper channel
3. Conclusion

In this contribution, we provide our view on potential enhancement for eMTC UE to support higher speed scenario. Our observations and proposals are
Observation 1. Cell identification delay and measurement period requirements for eMTC UE is about twice as large as legacy LTE device requirements mainly due to single Rx measurement. Cell identification delay and measurement period requirements for eMTC UE is slightly larger than Category 0 UE requirements due to measurement using gap. 

Observation 2. Gap sharing between intra-frequency and inter-frequency measurement can further increase intra-frequency neighbor cell identification delay and measurement period for eMTC UE. 

Observation 3. It is desirable that RAN4 reuse outcome of HST RRM discussion as a starting point for eMTC UE’s RRM enhancement in high speed scenario.

Observation 4. It is not straightforward to reduce cell identification and measurement delay since eMTC UE can perform cell search and measurement only in measurement gap.

Observation 5. In CEModeA, measurement accuracy is improved as Doppler frequency increases. In CEModeB, measurement error is not affected by Doppler frequency. 

Proposal 1. RAN4 should focus on intra-frequency RRM enhancement in high speed scenario for eMTC UE. 

Proposal 2. RAN4 should investigate pros and cons of possible solutions for reducing cell identification and measurement delay. 

Proposal 3. There is no need to revise measurement accuracy requirements for high speed eMTC UE. 
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