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1 Introduction
The test model for high speed train for uplink is started to be considered in RAN4 [1].
In this document, the test model suitable for High speed train scenario is discussed.

2 High speed model
There are 2 aspects we need to consider for high speed train propagation condition.

1. Large frequency offset : 1750Hz for Scenario 1 [2]
2. Rapid frequency change :  +960Hz to -960Hz within 40ms for Scenario 3 [2]
The suitable test model is considered in the following section according to the above condition.

3 Measurement of large frequency offset
How to measure and which channel is suitable to be used for this measurement should be considered since the frequency offset is so large.
Usually, the frequency offset can be measured by comparing the phase of 2 consecutive reference signals. In this scheme, the maximum measurable frequency is limited by the distance of the 2 reference signals. Table 1 shows the distance and expected maximum measurable frequency offset for each Reference signal candidates.

Table 1. Measurable Frequency Offset
	
	Distance
	Measurable Frequency Offset

	PUSCH
	0.5ms
	1000Hz

	PUCCH (format 2)
	0.285ms
	1752Hz

	SRS 
	1.0ms
	500Hz


From this table, it seems very difficult to measure the frequency offset up to 1750Hz by PUSCH or SRS and PUCCH (format 2) is very effective for this purpose. Therefore, we propose to include PUCCH (format 2) for the measure model for high speed train condition.

Some frequency tracking method may not require to measure the maximum frequency offset. However, since the frequency change rate is very rapid as discussed in the next section, we think open loop type frequency tracking is necessary and it requires to measure almost the maximum frequency offset.

4 Tracking of rapid frequency change
The measured frequency should be filtered in order to improve the measurement accuracy. However, the filtering will delay the measurement and it may induce tracking error when the frequency changes rapidly. 
In order to achieve the target throughput of 95%, the frequency should be tracked correctly during the period more than 98~99%. It means that the period that the frequency tracking error is large should be less than 1~2%.  Under scenario 3, the cycle of the frequency change is 3.6 sec. So the frequency tracking error should be reduced to small enough except the period less than 1~2 % in 3.6 sec cycle, i.e.36~72 ms. 
Figure 1 shows the frequency tracking error for Scenario 3 condition when there is frequency measurement delay of 10, 20 and 30 ms. From this, in order to reduce the frequency tracking error less than 500~1000Hz during ~50ms period, it seems that the measurement delay should be less than 20ms. 
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Figure 1: Frequency error of Scenario 3
Usually, the filtering bandwidth is 0.1 or so. It means that the measurement period should be less than 20% of 20 ms, i.e. 4 ms.
Therefore, we think the transmission period of PUCCH should be less than 4 ms for the extreme condition like Scenario 3.
5 Proposal
We propose to include PUCCH format 2 for the test model for high speed train.
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