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1 Introduction

The work item (WI) “Performance enhancements for high speed scenario” was approved at RAN plenary meeting #70 [1]. According to the high speed Work Item Description (WID) [1], the target high speed train (HST) moving speed is at least 350km/h, and two objectives in the high speed WID are: 
· Specify new CSI requirements considered for the final solutions to enhance the downlink demodulation performance, if needed;

· Receiver robustness in other scenarios/channels should be considered (besides SFN channels).

In RAN4#78bis Meeting, the CSI reporting issue was first discussed. It was suggested that the CSI test should be precluded in the high speed WI. In particular, due to the nature of the high speed channel environment, it would be very hard, or even not feasible, to obtain useful CQI reporting index in real HST networks. In this contribution, we further discuss the reasons and potential defects of CSI test, which largely corresponds to CQI reporting test, under HST scenarios.
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As HST WID addresses, RAN4 must verify if the HST CSI tests are needed or not. Test method/metric regarding test feasibility will be the next discussion after the needs are identified. In our view, there is fundamental defect in the nature of the high speed channel characteristics that makes HST CSI test, which largely corresponds to CQI reporting test, unfeasible.

First of all, as HST WID [1] described:

· Receiver robustness in other scenarios/channels should be considered (besides SFN channels).

Clearly, this means that more practical HST channel scenarios have to be considered when we decide if to include CQI reporting test or not in the HST WI. A rather likely circumstance is that a HST is running in the urban area. In this case, the HST channel would be typically modelled as an ETU channel. With RAN4’s commonly agreed maximum Doppler shift for this release (i.e. 875Hz, given carrier frequency fc = 2.7GHz and train speed is v = 350km/h), a HST UE would be under ETU-875Hz channel environment. The coherence time for this high speed scenario is then given by [2]

                                                        (1)

which is even shorter than a single subframe transmission time interval (i.e. 1ms).
In theory, coherence time is a measurement of the minimum time required for the change of channel magnitude or phase to become uncorrelated from its previous value. If the coherence time of a channel is small relative to the delay requirement of the transmission scenario, the amplitude and phase change imposed by the channel varies considerably between two samples of the channel coefficients. Obviously, the coherence time, which is closely related to Doppler shift, set a feedback time limit between the receiver and transmitter. Beyond this time limit, any CQI index reporting, which indicates an instant of the previous channel quality, would be expired and invalid for the present channel quality. As an intuitive and simple example, Fig. 1 shows how the power of three sample ETU-875Hz, ETU-70Hz and ETU-5Hz channel realizations, respectively, changes over eight continuous subframes (i.e. OFDM Symbol Index from 0 to 111). It shows that, with amplitudes of the multipath fading channel taps normalized to unit power, the power of the instantaneous channel realizations fluctuates over time and the speed of fluctuation is related to the maximum Doppler shift. The greater the Doppler shift is, the faster the power fluctuates.
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Fig. 1 Channel Realizations’ Power vs. OFDM Symbol Index (8 Subframes) & CQI measurements
Observation 1: If a 350km/h HST is running in urban area, its channel environment can be modelled as ETU-875Hz channel with a coherence time of 0.5ms. Such a short coherence time would make any instantaneous CQI index reporting expired and invalid for the present channel quality.
Fig. 1 shows that the CQI measurement will give fluctuated CQI reporting across time in high Doppler channels. If a stable CQI report with a statistic is required in a test case, the UE has to take averaging on CQI measurements, which is a new behaviour in RAN4.
[bookmark: _GoBack]However, this CQI averaging behaviour is not clear in the TS36.213. In aperiodic CSI measurement case, the UE shall utilize only a specific indicated subframe. Any UE processing like referring to other subframes through CSI averaging is prohibited. In periodic CSI measurement case, the spec also state that the UE is supposed to utilize a single subframe at n-nCQI_ref..
The UE behaviour averaging CQI has long history of RAN4 controversial discussion. Averaging CQI has a benefit improving CQI accuracy, but it also has disadvantage hiding DL channel property to the network. If the UE takes averaging on CQI, the network never knows the real condition of the DL channel. It was quite controversial issue in RAN4.

Aperiodic CSI measurement subframe in TS36.213:

A non-BL/CE UE shall perform aperiodic CSI reporting using the PUSCH in subframe n+k on serving cell , upon decoding in subframe n either:
-	an uplink DCI format [4], or
-	a Random Access Response Grant,

Periodic CSI measurement subframe in TS36.213: 
-	for a UE configured in transmission mode 1-9 or transmission mode 10 with a single configured CSI process for the serving cell, the CSI reference resource is defined by a single downlink or special subframe n-nCQI_ref,
-	where for periodic CSI reporting nCQI_ref  is the smallest value greater than or equal to 4, such that it corresponds to a valid downlink or valid special subframe,

Moreover, eNB definitely applies another CQI processing in OLLA, if the UE takes averaging by UE implementation, it means that the CQI may turn out too lagged due to both eNB/UE sides averaging. Such heavy averaging may also hurt the network performances, as RAN4 mentioned in other WI discussions.

Observation 2: To report an average of a sequence of CQI estimation or equivalent SNRs, to some extent, might reflect certain statistically long-term channel quality. But there is no common agreement and understanding on how to define or mandate such averaging CQI index over different time period. 
 
Observation 3: Regarding CQI accuracy under high Doppler channels, CQI averaging is important UE behaviour. However, RAN1 spec is unclear to specify such UE behaviour. 

Proposal 1: Clarify baseline CQI averaging behaviour for HST UE CQI measurement in RAN4 firstly, as well as RAN1 spec. Otherwise, we suggest not to specify test associated CQI measurements under high Doppler channels.
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Fig. 2: CQI distribution investigation (a) UE CE high Doppler at SNR=0dB, (b) UE CE high Doppler at SNR=18dB, (c) perfect CE high Doppler at SNR=0dB, (d) perfect CE high Doppler at SNR=18dB
From Fig. 2, we observes that CQI distribution is not significantly impacted by SNR range, which means, CQI accuracy can be sustainable well in low SNR range. However, once the channel has high Doppler, we observes its distribution gets wide due to channel estimation error. 
More importantly, in reality, how would that be possible if a train is running at 350km/h along the railway, and still maintains or assumes the same long-term channel quality over different time period. An explicit consequence is that it is by no means feasible to directly indicate present instantaneous channel quality.
If testing HST UE CQI behaviour, then the remained part is only performance improvement by checking if the UE estimates one or two count high CQI index. However, such observation roots from HST UE demodulation gain, especially from channel estimation improvement, of which aspect has been clearly verified in the demodulation tests. We don’t think a CQI test is required to confirm the same fact again.
Observation 4: CQI improvement benefits are basically from channel estimation improvement, which has been verified by the HST demodulation test. We don’t think a CQI test is required to confirm the same fact again.

3 Discussion on needs of HST SFN CSI test

Based on the very ideal assumptions, such as non-fading and normalized SNR, it seems that CQI test might be possible in the “4-path” HST SFN channel model, but it is not possible for multipath fading channel, such as ETU-875Hz channel, anyway. Therefore, RAN4 HST WI should firstly clarify that the CQI reporting test is for the “4-path” HST SFN channel model only? Or, other practical channel models, such as HST ETU channels, should also be considered for the CQI reporting test, which, as shown in Section 2, is fundamentally unfeasible.

In addition, as we have already described in [3] and shown in Fig.2, in real HST SFN environment, it would be too optimistic to assume there is only line-of-sight, non-fading transmission and none of reflectors, such as trees, walls and other moving vehicles, surrounding a transmitter and receiver, which eventually causes dispersion, scattering and diffraction. And a HST UE would end up seeing detrimental multi-path fading effect, which makes the channel quality change quickly and the CQI reporting delay exceeds the coherence time limit.
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Fig. 2 Diagram of HST in bidirectional RRH SFN

Observation 5: In real HST SFN environment, it would be too optimistic to assume there is only line-of-sight, non-fading transmission and none of reflectors, such as trees, walls and other moving vehicles, surrounding a transmitter and receiver, which eventually causes dispersion, scattering and diffraction.

Proposal 2: We observe that CQI measurement under high Doppler channels has remained as a controversial issue in RAN4 due to above issues. We strongly suggest to resolve it by UE implementation.

4 Conclusion 

In this contribution, we further discuss the reasons and potential defects of CQI reporting test under HST scenarios, and propose not to include CQI test.

Observation 1: If a 350km/h HST is running in urban area, its channel environment can be modelled as ETU-875Hz channel with a coherence time of 0.5ms. Such a short coherence time would make any instantaneous CQI index reporting expired and invalid for the present channel quality.
Observation 2: To report an average of a sequence of CQI estimation or equivalent SNRs, to some extent, might reflect certain statistically long-term channel quality. But there is no common agreement and understanding on how to define or mandate such averaging CQI index over different time period. 
Observation 3: Regarding CQI accuracy under high Doppler channels, CQI averaging is important UE behaviour. However, RAN1 spec is unclear to specify such UE behaviour. 
Proposal 1: Clarify baseline CQI averaging behaviour for HST UE CQI measurement in RAN4 firstly, as well as RAN1 spec. Otherwise, we suggest not to specify test associated CQI measurements under high Doppler channels.
Observation 4: CQI improvement benefits are basically from channel estimation improvement, which has been verified by the HST demodulation test. We don’t think a CQI test is required to confirm the same fact again.
Observation 5: In real HST SFN environment, it would be too optimistic to assume there is only line-of-sight, non-fading transmission and none of reflectors, such as trees, walls and other moving vehicles, surrounding a transmitter and receiver, which eventually causes dispersion, scattering and diffraction.
Proposal 2: We observe that CQI measurement under high Doppler channels has remained as a controversial issue in RAN4 due to above issues. We strongly suggest to resolve it by UE implementation. 
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