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1 Introduction
In RAN4#68 and RAN4#68bis, RSRP and RSRQ measurement accuracy in high Doppler conditions was discussed. Results were presented in [1] and [3], and the latest way forward and work plan may be found in [4].
	Way Forward

· Operators observed that RSRP/RSRQ measured values have significant difference among chipsets under high Doppler with multiple paths
· RAN4 will study expected measurements accuracy
· Following points are necessary for further discussion
· Which channel model should be taken as reference, i.e. EVA600, EVA300, HST
· What is the reference RSRP/RSRQ under high Doppler
· After studying the issue, RAN4 will decide on the need for high Doppler RRM 
· If other RRM related issues identified under high Doppler, it can also be considered to bring this issue into new WI with all other RRM requirements, in order to specify high Doppler RRM requirements
Work Plan

· RAN4#69
· Agreement on how to study the issue 
· RAN4#70
· Discuss the outcome of study and depending on the outcome agree on how to address the issue e.g.

· Create a new WI to further discuss all the RRM requirements under high Doppler, or
· Discuss on RSRP/RSRQ accuracy under high Doppler requirements in TEI12
· Further planning on the timeline to complete the work



In this contribution we discuss high Doppler RRM measurements further and propose simulation assumptions in line with the agreed work plan.
2 Discussion
In [3], results show that different UE chipsets report different RSRP and RSRQ, especially in EVA600 channel conditions. Since similar differences are observed in both RSRP and RSRQ measurement, it looks likely that the fundamental difference is in RSRP estimation, rather than the RSSI component of RSRQ. Since significant chipset dependent bias in RSRP and RSRQ will cause difficulties in the configuration of event reporting thresholds, it is important that RAN4 studies the issue further, and introduces such requirements as are necessary to ensure the correct operation of measurements in relevant conditions.
A simple RSRP estimator  for each measurement sample can be written as
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(1)
M reference symbols in a block (time and frequency domain) are coherently averaged, and then N such blocks are incoherently averaged to give one RSRP measurement sample. According to RAN4 specifications and measurement accuracy requirements, multiple such measurement samples are filtered over a measurement period (eg 200ms for intrafrequency measurements), giving the UE L1 measured RSRP prior to any L3 filtering operation.

Assuming an AWGN channel N0=σ2, it can be shown that the RSRP estimate is a random variable according to 
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RSRP estimates may also be incoherently averaged between UE receive antennas. It is well known that the RSRP estimator is biased at low SNR (high σ2), as can be seen from (2). It can also be seen from (2) that increasing the number of coherently averaged symbols (increasing M) is an effective technique to mitigate the bias at low SNR. Naturally, increased incoherent averaging in the power domain (increasing N) cannot mitigate the bias to the mean introduced by the channel noise, since the averaging is performed in the power domain. 

In practice, the limitations on performing additional coherent combining of reference symbols arise because of Doppler spread (which limits the possibility for coherent combining of CRS in time domain) and delay spread  (which limits the possibility for coherent combining in frequency domain). If excessive coherent combining is performed then the measurement estimate will become biased, even though it would exhibit good accuracy in AWGN conditions.
From this description we can then observe that the current RAN4 requirements appear incomplete in ensuring good UE implementations. There is a clear design trade-off between performing sufficient coherent combining to avoid significant biases at low SNR versus avoiding significant biases in high velocity, or high delay spread conditions. By specifying accuracy only in AWGN conditions, RAN4 specifications only address one aspect of this trade-off, and do not ensure that UE are not performing excessive coherent averaging of reference symbols in time or frequency for practical channel conditions.
Due to the trade-off involved, we therefore observe:
Observation 1 : Current requirements targeted at AWGN conditions do not address measurement accuracy in high Doppler/high delay spread cases.

Indeed, in some of the earlier work in LTE release 8, RAN4 did consider the possibility of fading requirements for measurement accuracy, however the outcome in the end was that measurement accuracy is tested in AWGN conditions, although there are some implicit checks of measurement accuracy in fading in the cell detection test cases. The discussion in [5] indicates that this was discussed in a release 8 RRM ad-hoc, within the context of measurement accuracy:
	· AWGN

· General minimum performance requirements will be developed in AWGN

· Simulations/studies to be done in AWGN conditions

· Fading conditions

· At least test cases in fading conditions

· Potentially simulation results in fading conditions may also be used during the development of general  minimum performance requirements

· In the initial studies the following conditions will be investigated/simulated: EPA 5Hz and ETU 70Hz




Especially given the earlier consideration of this work and the importance of consistent UE measurement reports, we fully support the work to investigate suitable high Doppler RRM requirements. 
On the other hand, it is important to recognize that fulfilling the high Doppler RRM requirement will set a design constraint on UEs operating in all conditions, not just those on high speed trains. Therefore it is important to consider the reasonable high speed train conditions which can be considered as a suitable operating/test point, rather than, for example considering the most extreme velocities and delay spreads simultaneously. Even though such conditions may even occur in field conditions on a rare basis,  it is reasonable to target UE requirements at commonly occurring conditions, which allows implementations to have a balanced approach between high speed train and other conditions.
Observation 2 : Care is needed over propagation conditions considered for high Doppler RRM work, since they may otherwise lead to implementations optimised for less common field conditions, while compromising performance in more common field conditions.

At any rate, propagation conditions for high Doppler requirements should be considered once further simulations and evaluations have been performed.

One discussion which took place in RAN4#68bis was that it is difficult to evaluate good and bad implementations at link level and see the difference in high Doppler measurement accuracy, because bad implementations can be arbitrarily bad. Although bad implementations were considered in the work for high Doppler demodulation requirements, we agree that considering simulation results for bad implementations is difficult in RAN4 and may be of limited value to determine the suitable requirements. Hence we propose to focus on link level studies of implementations which are considered representative of expected performance in high Doppler conditions while also allowing for acceptable neighbour measurement implementation complexity.
	Parameters
	Value
	Comments

	Measurements evaluated
	RSRP and RSRQ accuracy
	The CDF curves are to be provided for without RF impairment margin:
· Delta RSRP   = (estimated RSRP – ideal RSRP) 
[dB]  
· Delta RSRQ  = (estimated RSRQ – ideal RSRQ) 
[dB]  


	Measurement bandwidth
	6 resource blocks
	Both RSRP and RSSI measured over 6 RB

	System bandwidth
	6 resource blocks
	

	L1 measurement period
	200 ms
	

	Measurement sampling rate
	-
	Implementation dependent

	RSRP estimation in each sample
	Incoherent averaging of N blocks, M reference symbols within each block coherently combined
	Implementation dependent. 

	L3 filtering
	disabled
	

	Transmit antenna
	1
	

	Receive antennas
	2
	Linear average of RSRP and RSSI from both branches. Both antennas with equal gain, no correlation between them.

	DRX/DTX
	OFF
	DRX/DTX to be considered at later stage

	Propagation conditions
	AWGN, ETU70, EVA300, EVA600 and HST
	AWGN and ETU70 for alignment purposes

	Frequency band
	2.0 GHz
	

	Interference from other cells [Iot] 
	-70 dBm
	AWGN

	Ês/Iot
	-8 to +3 dB
	To be varied


3 Conclusions
In this contribution we discuss coherent and incoherent averaging for RSRP and RSRQ measurement, noting that a mixture of coherent averaging (to reduce bias of the measurement at low SNR) and incoherent combining (to reduce variance of the measurement) is likely to be used. Excessive coherent averaging in frequency domain could lead to bias in case of large delay spread, and excessive coherent averaging in time domain could lead to bias in the case of large Doppler frequency spread.  The exact averaging methodology and other aspects of measurement processing depends on UE implementation, but nevertheless a trade-off is anticipated.  The following observation can be made
Observation 1 : Current requirements targeted at AWGN conditions do not address measurement accuracy in high Doppler/high delay spread cases.

There is a clear design trade-off between performing sufficient coherent combining to avoid significant biases at low SNR versus avoiding significant biases in high velocity, or high delay spread conditions. By specifying accuracy only in AWGN conditions, RAN4 specifications only address one aspect of this trade-off, and do not ensure that UE are not performing excessive coherent averaging of reference symbols in time or frequency for practical channel conditions.

On the other hand, it is important to recognize that fulfilling the high Doppler RRM requirement will set a design constraint on UEs operating in all conditions, not just those on high speed trains. Therefore it is important to consider the reasonable high speed train conditions which can be considered as a suitable operating/test point, rather than, for example considering the most extreme velocities and delay spreads simultaneously. Even though such conditions may even occur rarely in field conditions, it is reasonable to target UE requirements at commonly occurring conditions, which allows implementations to have a balanced approach between high speed train and other conditions

Observation 2 : Care is needed over propagation conditions considered for high Doppler RRM work, since they may otherwise lead to implementations optimised for less common field conditions, while compromising performance in more common field conditions.

To study the issue further simulation assumptions are provided and interested companies are encouraged to provide results, based on realistic measurement implementations. The results are expected to be useful in deciding which requirements and test cases to introduce for high Doppler measurements as well as in the future work of RAN4 to understand the expected accuracy of UE measurements in high Doppler conditions.
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