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1 Introduction
In RAN4#68bis and RAN4#69, high Doppler measurement accuracy was discussed. In RAN4#69, a way forward including simulation assumptions [1] was agreed. In this contribution we provide simulation results according to the agreed assumptions.
2 Disucssion

The evaluation of RSRP and RSRQ performance is based on the simulation assumptions previously used for deriving the legacy / existing requirements with exception on the propagation conditions. 
The simulation parameters and assumptions are listed in table 1. 

Table 1: Simulation parameters for RSRP/RSRQ measurement

	Parameters
	Value
	Comments

	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 (NOTE 1)

	L3 filtering
	disabled
	

	Transmit antenna
	1
	

	Receive antennas
	2
	The receive diversity rule as defined in TS 36.214. Both antennas with equal gain, no correlation between them.

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

	Propagation conditions
	EVA (EVA600, EVA300), HST, AWGN
	NOTE2 

	CP Length
	Normal
	

	TDD Uplink-downlink configuration
	1
	

	TDD Special sub-frame configuration
	4
	

	Time offset between TDD cells 
	0 second
	

	Frequency band
	2.0 GHz
	

	Interference from other cells [Iot] 
	-70 dBm
	AWGN

	Ês/Iot
	-8dB, -6dB, -3dB, 0dB,  3dB
	To be verified.

	NOTE 1: Encourage companies to provide the details of the measurement sampling rate for interpretation and comparison of the results.
NOTE 2: AWGN channel is for alignment purpose. 


One aspect of our results that we would like to highlight is that we have considered a single cell simulation where a cell in fading conditions is measured with the entire other cell interference modelled by AWGN, ie Noc=Iot, since Noc and an explicitly modelled interfering cell is not mentioned in the simulation assumptions.  On the other hand, the simulation assumptions mention CDFs for relative accuracy which could only be considered in a 2 cell environment,
The test environment which is currently used in 36.133 for measurement accuracy testing has 2 cells (target cell for meaurement and interferer). Hence Iot includes both an explicitly modelled cell and Noc. If we consider a fading environment, both explicitly modelled cells (the wanted cell and the interferer) should be independently faded.

However, the simulations performed are expected to used to develop generic requirements for 36.133 chapter 9 (irrespective of the number of cells modelled), rather than a specific test case so we think it is reasonable to use single cell results for this purpose, but it may be good to understand how the modelling was performed in other company simulations, especially if misalignment in resuts is seen.

Recommendation 1: Companies disucss how many cells were explicitly modelled in their simulation results.

Simulation Results

CDF curves for  Case 1: Delta RSRP   = (estimated RSRP – ideal RSRP) are shown in figure 1, and for case 2: Delta RSRQ  = (estimated RSRQ – ideal RSRQ) the results are shown in figure 2
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Figure 1a : Delta RSRP CDFs in AWGN conditions
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Figure 1b : Delta RSRP CDFs in EVA300 conditions
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Figure 1c : Delta RSRP CDFs in EVA600 conditions
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Figure 1d : Delta RSRP CDFs in HST conditions
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Figure 2a : Delta RSRQ CDFs in AWGN conditions
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Figure 2b : Delta RSRQ CDFs in EVA300 conditions
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Figure 2c : Delta RSRQ CDFs in EVA600 conditions
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Figure 2d : Delta RSRQ CDFs in HST conditions


To allow comparison between propagation conditions, 95th, 50th and 5th percentiles are shown for different Es/Iot in figures 3a, 3b and 3c and 4a, 4b and 4c.
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Figure 3a : Delta RSRP at 5th percentile for different propagation conditions
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Figure 3b : Delta RSRP at 50th percentile for different propagation conditions
[image: image11.png]Delta RSRP [dBm/15kHz]

RSRP - 95% CDF point

0 i i i

AWGN
EVA300
EVAB00
HST

‘8 ) -4 2
Es/lot[dB]





Figure 3c : Delta RSRP at 95th percentile for different propagation conditions
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Figure 4a : Delta RSRQ at 5th percentile for different propagation conditions
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Figure 4b : Delta RSRQ at 50th percentile for different propagation conditions
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Figure 4c : Delta RSRQ at 95th percentile for different propagation conditions
One aspect of the measurements with high Doppler RRM requirements that we would like to highlight is the addional RSRP and RSRQ variation arising from the fading channel condition rather than any UE measurement processing, as was discussed in [2]. The nominal RSRP and RSRQ in our simulations (“ideal RSRP” and “ideal RSRQ”) may be considered as the RSRP and RSRQ at high SNR averaged over a near infinite duration.  The estimated RSRP and RSRQ are measured over a 200ms L1 measurement period using a number of samples. 
For a Rayleigh fading process, it can be shown that the CDF of the fading process itself is given by
Pr(Received power ≤P)= 1-e-P/P0

Where P0 is the average received power, and P is the recived power under consideration. Hence the probability of receiving 25% or less of the average power (a measurement -6dB below nominal) is 1-e-0.25=22%. It should be noted that this probability already applies at the UE antenna connector and is introduced by the modelled fading process in the propagation channel. Since UE implementations make multiple samples during the measurement period and the EVA channel has multiple independently fading taps, the variation in UE measurement will not be as severe in practice. Nevertheless, we agree with the conclusion in [2] that the fading propagation condition introduced by the channel is an additional source of uncertainty in the measurements, and it seems unreasonable to expect exactly the same performance in high Doppler as for AWGN, considering that the propagation channel is not a part of the UE processing of the meaurements.
Since the simulation results include a concept of ideal RSRP and ideal RSRQ, it is important to ensure that companies have a common understanding of what is meant by ideal. We propose the definition from asimulation perspective:
Recommendation 2 :The ideal  RSRP and RSRQ may be considered as the RSRP and RSRQ at high SNR averaged over a near infinite duration
 From a test equipment perspective, this means that the nominal RSRP and RSRQ in fading is the same as the nominal RSRP and RSRQ in AWGN, provided that care is taken to ensure that the fading channel has unity gain in the long term average sense.

If this definition is used in simulations, as the simulated practical measurements are based on 200ms measurement period, the simulation results and CDFs capture the additional variation introduced by the modelled channel
Based on the results in figure 3a and 3c for RSRP at 5th and 95th percentiles, and from figure 4a and 4c for RSRQ, there is a relatively minor impact to RSRP and RSRQ absolute accuracy in high Doppler conditions compared to AWGN conditions, of up to about 1.5dB difference in high SNR at 95th percentile. This difference primarily arises because of the definition of ideal RSRP and ideal RSRQ over an infinite averaging duration, which is compared with a fading signal for which a finite number of samples (eg 5 snapshots of the fading process) are averaged over a 200ms observation interval. A larger difference may be expected in low Doppler fading conditions.
EVA300 is marginally more challenging than EVA600 from an accuracy perspective, although from a testing perspective it may be beneficial to use EVA600 since it may better differentiate good and bad implementations.
Hence we make the following proposals

Proposal 1 : High Doppler RSRP and RSRQ accuracy requirements are added to 36.133 chapter 9

Propsoal 2 : High Doppler measurement accuracy test cases are introduced

Proposal 3 : Based on results from multiple companies in RAN4, the appropriate requirements may be derived, and used as a basis for the high Doppler tests.
3 Conclusions 
In this contribution, we provide simulation results for RSRP and RSRQ accuracy in high Doppler condition, and make the following recommendations and proposals
Recommendation 1: Companies disucss how many cells were explicitly modelled in their simulation results.
Recommendation 2 :The ideal  RSRP and RSRQ may be considered as the RSRP and RSRQ at high SNR averaged over a near infinite duration
Proposal 1 : High Doppler RSRP and RSRQ accuracy requirements are added to 36.133 chapter 9

Propsoal 2 : High Doppler measurement accuracy test cases are introduced

Proposal 3 : Based on results from multiple companies in RAN4, the appropriate requirements may be derived, and used as a basis for the high Doppler tests.
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