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1 Introduction
In this contribution, we provide further simulation results for measurement accuracy in high Doppler conditions with 2 cells and discuss the resulting requirements.
2 Disucssion

Simulations were performed according to [1]; the simulation parameters and assumptions are listed in table 1. 
	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
Independent fading for cell 1 and cell 2 with the same cannel model. 

	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
	

	Noc 
	-70 dBm/15kHz
	AWGN

	Es/Noc (cell 1)
	(6dB,-4.7dB,0dB)
	

	Es/Noc (cell 2)
	(1dB,-4.7dB,0dB)
	

	Ês/Iot (cell 1)
	(2.5dB,-6dB,-3dB)
	Derived from Noc and Es/Noc

	Ês/Iot (cell 2)
	(-6dB,-6dB-3dB)
	Derived from Noc and Es/Noc

	Target cell
	Cell 2
	For absolute accuracy)

	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. 


Table 1 : Additional simulation parameters to check measurement accuracy in a 2 cell fading environment

There are 3 different simulation conditions which according to assumptions are to be investigated. We have denoted these as 3 different cases:
· Case 1 : (Es1/Noc,Es2/Noc) = (6dB,1dB)  giving (Es1/Iot,Es2/Iot)=(2.5dB,-6dB)

· Case 2 : (Es1/Noc,Es2/Noc) = (-4.7dB,-4.7dB)  giving (Es1/Iot,Es2/Iot)=(-6dB,-6dB)
· Case 3 (Es1/Noc,Es2/Noc) = (0dB,0dB)  giving(Es1/Iot,Es2/Iot)=(-3dB,-3dB)
For each of these cases, AWGN and fading propagation conditions are studied with AWGN, HST, EVA300 and EVA600 channel models. The CDF of delta RSRP and delta RSRQ for the cell with lower SINR (cell 2) is found by simulation. Results for delta RSRP are shown in figure 1a-figure 1d and results for delta RSRQ are shown in figure 2a-figure 2d.
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Figure 1a : CDF of delta RSRP for AWGN
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Figure 1b : CDF of delta RSRP for HST
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Figure 1c : CDF of delta RSRP for EVA300
	[image: image4.png]CDF

RSRP - EVA600

0.5+

Esflot(cell ) = 2508, Esflotcell,) = -60B
.0, Esflot(cell) = -6.00B
Esflot(cell,) = 3.0dB, Esflot(cell) = 3.0c8

Esllot(cellw) =

0.4

0.3

0.2

0.1

0 1 2 3 4
Delta RSRP [dBm/15kHz]




Figure 1d : CDF of delta RSRP for EVA600
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Figure 2a : CDF of delta RSRQ for AWGN
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Figure 2b : CDF of delta RSRQ for HST
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Figure 2c : CDF of delta RSRQ for EVA300
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Figure 2d : CDF of delta RSRQ for EVA600


To facilitate comparison of the 5th and 95th percentile points, the results from the CDF are extracted and summarised in figures 3a and 3b for delta RSRP and figures 4a and 4b for delta RSRQ. The X axis indicates case 1, 2 or 3 according to the settings for cell power levels.
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Figure 3a : 5th percentile of delta RSRP CDF for different simulation cases
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Figure 3b : 95th percentile of delta RSRP CDF for different simulation cases
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Figure 4a : 5th percentile of delta RSRQ CDF for different simulation cases
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Figure 4b : 95th percentile of delta RSRQ CDF for different simulation cases


From these results we make a number of observations

Observation 1 : Considering especially 95th percentile of the CDF, EVA300 is the most demanding condition for RSRP and RSRQ accuracy, and EVA600 is the next most demanding case.
Observation 2 : Case 1 ie (Es1/Noc,Es2/Noc) = (6dB,1dB)  giving (Es1/Iot,Es2/Iot)=(2.5dB,-6dB) is the most demanding condition for RSRP and RSRQ accuracy seen in the simulations (for all propagation conditions).

Based on these observations, we propose that case 1 in EVA300 conditions is used to define the requirement for 36.133 at Es/Iot=-6dB. For this case, we have observed 5th percentile RSRP at +1.11dB, 95th percentile RSRP at +3.75dB, 5th percentile RSRQ at +1.10dB and 95th percentile RSRQ at 3.77dB. These are converted to equivalent derived absolute and relative RSRP and RSRQ accuracies according to the methodology proposed in [2] and compared to the equivalent result for AWGN.
	
	RSRP
	RSRQ

	Simulation derived absolute accuracy in EVA300 (case 1)
	±3.75dB
	±3.38dB

	Simulation derived absolute accuracy in AWGN (case 1)
	±2.30dB
	±1.53dB

	Simulation derived relative accuracy in EVA300 (case 1)
	±2.64dB
	±2.40dB

	Simulation relative accuracy in AWGN (case 1)
	±0.80dB
	±0.76dB


  Table 2 : Simulation derived RSRP  and RSRQ accuracy, case 1 (target cell Es/Iot=-6dB)
A similar approach can be used for case 3, which could be used to derive the requirement at Es/Iot=-3dB.
	
	RSRP
	RSRQ

	Simulation derived absolute accuracy in EVA300 (case 3)
	±2.1dB
	±2.15dB

	Simulation derived absolute accuracy in AWGN (case 3)
	±0.6dB
	±0.80dB

	Simulation derived relative accuracy in EVA300 (case 3)
	±2.6dB
	±2.22dB

	Simulation relative accuracy in AWGN (case 3)
	±0.6dB
	±0.64dB


Table 3 : Simulation derived RSRP  and RSRQ accuracy, case 3 (target cell Es/Iot=-3dB)

We propose that requirements can be derived with the following apporoach and margins:
Proposal 1 : 36.133 chapter 9 high Doppler requirements are applicable in HST, EVA300 and EVA600 propagation conditions, with EVA600 used for corresponding test cases

EVA600 is proposed as a test condition as it would better differentiate good and bad UE implementation. EVA300 is used to determine the chaper 9 requirement because it is semi-generic.
Proposal 2 : Intra and interfrequency requirements are derived from AWGN requirements using the following tentative additional margins

· Absolute RSRP accuracy at Es/Iot=-6dB : ±1.5dB

· Absolute RSRQ accuracy at Es/Iot=-6dB: ±2dB

· Relative RSRP accuracy at Es/Iot=-6dB: ±2dB

· Relative RSRQ accuracy at Es/Iot=-6dB: ±2dB

· Absolute RSRP accuracy at Es/Iot=-3dB : ±1.5dB

· Absolute RSRQ accuracy at Es/Iot=-3dB: ±1.5dB

· Relative RSRP accuracy at Es/Iot=-3dB: ±2dB

· Relative RSRQ accuracy at Es/Iot=-3dB: ±2dB

It should be noted that these margins are tentative based on our simulation result; however results from other companies should be taken into account in the final requirements setting, for example using an averaging methodology.

During RAN4#70bis, there was discussion on the ideal RSRQ definition. We cover this in greater detail in the following section; for simulation results provided we have used method 1 below, ie ideal RSRQ is calculated from knowledge of Noc, Es1/Noc and Es2/Noc which may be used to derive long term average RSRP and RSSI.
3 Additional results for non colliding CRS

When reviewing other company results for RAN4#71, we realised that different assumptions had been made for CRS colliding or non colliding. One company provided results for both colliding and non colliding cases, and at least one company explicitly stated that they had used non colliding CRS in simulation. For clarification, the results in section 2 are for colliding CRS, which we considered to be a worst case for defining the 36.133 chapter 9 requirement. In this section we provide additional results for non-colliding CRS.



	
	
	Collding CRS
	Non collding CRS

	
	Case
	5th percentile
	95th percentile
	5th percenitle
	95th percentile

	AWGN
	1
	1.61
	2.30
	0.72
	1.84

	
	2
	0.09
	1.26
	-0.1
	1.05

	
	3
	0.01
	0.65
	-0.20
	0.54

	HST
	1
	1.56
	2.4
	0.67
	1.96

	
	2
	0.02
	1.26
	-0.06
	110

	
	3
	-0.01
	0.61
	-0.25
	04

	EVA300
	1
	1.11
	3.76
	0.36
	3.27

	
	2
	-0.30
	2.5
	-0.47
	2.19

	
	3
	-0.62
	2.08
	-0.9
	1.96

	EVA600
	1
	1.30
	3.36
	0.53
	2.67

	
	2
	-0.38
	2.05
	-0.26
	1.83

	
	3
	-0.42
	1.76
	-0.66
	1.46




Table 4 : Additional results for non collding CRS
4 Ideal RSRP and RSRQ 
During RAN4#70bis, there was discussion on the ideal RSRQ. Essentially, ideal RSRQ could be derived in (at least) 3 different ways, which are not equivalent from a statistical point of view
Method 1 : Under the assumption that normalised propagation channels have a long term average gain of unity are used, the ideal RSRQ can be calculated from knowledge of Noc, Es1/Noc and Es2/Noc, since the long term average RSRP and RSSI can be calculated assuming these settings and the unity channel gain assumption. Therefore this definition is equivalent to N×E(RSRP) /E(RSSI). Since all other methods are related to assumed implementations of UE sampling and measurement periods, this is the only method which can be used to specify the requirements and testcases by RAN4 and RAN5 independently of the device being tested.
Method 2 : Throughout the measurement period, the UE may sample individual RSRP and RSSI samples, and for each sample these may be to derive an RSRQ in a samplewise fashion, the result of which is then filtered over the L1 measurement period. In this case, the expected value of the UE’s measurements may be deonoted as E[(RSRP ×N)/ RSSI]. It should be noted that in general this value is not equal to the value derived by method 1.

Method 3 : Throughout the measurement period, a UE may sample RSRP and RSSI samples, and first filter these quantities over a 200ms measurement period. Then the resulting expected value of the UE’s measurements may be denoted as E[(RSRPL1 ×N)/ RSSIL1], where RSRPL1 and RSSIL1 are filtered over a L1 measurement period.
Since methods 2 and 3 are related to assumed implementations and UE sampling, our view is that only method 1 can be used to define ideal RSRQ in RAN4 specifications and testcases. Methods 2 or 3 should be applied to the simulation of the “non ideal” RSRQ, such that the simulation results already include any margin resulting from this different definition.

To see how much difference this may make in practice, we performed some statistical analysis, where channel gain was randomly selected at each time interval from a Rayleigh distribution. The expected RSRQ measurement of cell 2 according to methods 1, 2 and 3 are compared for the different test configurations. For method 3 it is assumed that there are 5 samples within the measurement period.
	
	Case 1 : (Es1/Noc,Es2/Noc) = (6dB,1dB)  giving (Es1/Iot,Es2/Iot)=(2.5dB,-6dB)
	Case 2 : (Es1/Noc,Es2/Noc) = (-4.7dB,-4.7dB)  giving (Es1/Iot,Es2/Iot)=(-6dB,-6dB)
	Case 3 : (Es1/Noc,Es2/Noc) = (0dB,0dB)  giving (Es1/Iot,Es2/Iot)=(-3dB,-3dB)

	Method 1 : N×E(RSRP) /E(RSSI).
	-17.74dB
	-17.74dB
	-15.56dB

	Method 2 : E(N×RSRP/RSSI)
	-16.81dB
	-16.38dB
	-15.29dB

	Method 3 : E(N×RSRPL1/RSSIL1)
	-17.51dB
	-17.32dB
	-15.49dB


Table 4 : Comparison of different ideal RSRQ methodologies

It can be seen that method 3 reasonably well approximates to method 1, with a maximum difference of 0.42dB for case 2 (equal power cells). However, this is under the assumption of 5 samples per L1 measurement period, and the actual difference depends on implementation details. 
At any rate, as discussed, it does not seem feasible to use any other definition than method 1 in 3GPP specifications. Therefore, we propose that
Proposal 3 : Ideal RSRQ is defined using knowledge of channel gain, Noc, Es1/Noc and Es2/Nocc to derivie average RSRP and RSSI, which is then used to calculate N×E(RSRP)/E(RSSI).
Provided that there is a common understanding and all companies use this definition of ideal RSRQ and capture any implementation specific details in simulations, any appropriate margin related to this aspect should be an outcome of the simulations. As discussed in section 2, our simulations used method 1 and the ideal RSRQ used to derive the delta RSRQ CDFs is as shown in table 4.
The other aspect which was discussed in relation to ideal RSRQ is the use of receive diversity by UE. According to proposal 3, the ideal RSRQ for method 1 is clearly identical for each UE receive antenna port. Since the measurement definition for RSRQ indicates “If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRQ of any of the individual diversity branches.”, there is also an implication that some implementations could (for example) implement a form of diversity selection over the measurement period, for example giving a nominal estimate of RSRQ of
E[max[(RSRPL1,1 ×N)/ RSSIL1,1 , (RSRPL1,2 ×N)/ RSSIL1,2]
Where RSRPL1,x is the RSRP filtered over a L1 measurement period as measured on receive antenna x and RSSIL1,x is the RSSI filtered over a L1 measurement period as measured on receive antenna x. Again, this may be considered an implementation specific aspect, and the impact is expected be seen in each company’s simulation results provided that method 1 is used to define ideal RSRP and RSRQ.
5 Results comparison

In this section, we provide a comparison of results submitted to RAN4#71. Results from one company are not included yet, because the contribution [4] contained only graphical represenation for the delta RSRP and delta RSRQ CDFs, and there were not numerical values for the 5th and 95th percentile which could be readily extracted.

The following issues should also be noted in the comparisons

1. Some results may be for colliding CRS and other results for non colliding CRS. Ericsson and LG results are provided for both cases

2. There may be differences in ideal RSRP and ideal RSRQ definitions used in the CDF.

3. Some companies have provided results for EVA300 and not for EVA600 and vice versa. In one case, there were no AWGN results.

The methodology for the comparison is as follows

Step 1 : For each company result, derive an absolute accuracy according to max(abs(5th percentile data,95th percentile data) and a relative accuracy according to 95th percentile data – 5th percentile data

Step 2 : For each company, find the worst case accuracies (absolute and relative) in high Doppler conditions, ie max(HST accuracy, EVA300 accuracy, EVA600 accuracy). This result is denoted as the company’s high Doppler result.
Figures 4a-4d show the comparison of company results for RSRP, and figures 5a-5d show the comparison of results for RSRQ
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Figure 4a : RSRP absolute accuracy comparison in high Doppler condition

[image: image14.png]Accuracy (+/-), dB

3.5

w

N
«

N}

=
«

-

o
«

RSRP absolute, AWGN

M Ericsson collding CRS

M Ericsson non collding
CRS

W Intel

B Huawei

mZTE

W LG colliding CRS

= LG non colliding CRS

= Samsung

Scenario





Figure 4b : RSRP absolute accuracy comparison in AWGN condition
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Figure 4c : RSRP relative accuracy comparison in high Doppler condition

[image: image16.png]Accuracy (+/-), dB

= N w
N w

0.5

RSRP relative, AWGN

| Ericsson collding CRS

M Ericsson non collding
CRS

®intel

W Huawei

mZTE

W LG colliding CRS

1 LG non colliding CRS

W Samsung

Scenario





Figure 4d : RSRP relative accuracy comparison in AWGNcondition
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Figure 5a : RSRQ absolute accuracy comparison in high Doppler condition
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Figure 5b : RSRQ absolute accuracy comparison in AWGN condition
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Figure 5c : RSRQ relative accuracy comparison in high Doppler condition
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Figure 5d : RSRQ relative accuracy comparison in AWGN condition

6 Conclusions

In this paper, we present simulation results for 2 cell RSRP and RSRQ measurement accuracy in high Doppler condition. Based on the results we propose

Proposal 1 : 36.133 chapter 9 high Doppler requirements are applicable in HST, EVA300 and EVA600 propagation conditions, with EVA600 used for corresponding test cases

Proposal 2 : Intra and interfrequency requirements are derived from AWGN requirements using the following tentative additional margins

· Absolute RSRP accuracy at Es/Iot=-6dB : ±1.5dB

· Absolute RSRQ accuracy at Es/Iot=-6dB: ±2dB

· Relative RSRP accuracy at Es/Iot=-6dB: ±2dB

· Relative RSRQ accuracy at Es/Iot=-6dB: ±2dB

· Absolute RSRP accuracy at Es/Iot=-3dB : ±1.5dB

· Absolute RSRQ accuracy at Es/Iot=-3dB: ±1.5dB

· Relative RSRP accuracy at Es/Iot=-3dB: ±2dB

· Relative RSRQ accuracy at Es/Iot=-3dB: ±2dB

We also discuss ideal RSRQ definition. For this we propose

Proposal 3 : Ideal RSRQ is defined using knowledge of channel gain, Noc, Es1/Noc and Es2/Nocc to derivie average RSRP and RSSI, which is then used to calculate N×E(RSRP)/E(RSSI).

This definition is independent of any UE implementation, and is thus suitable for testing and specification purposes. Since delta RSRQ CDF curves in our simulations use this definition of ideal RSRQ, any resulting margin is already seen in simulation results. Proposal 3 also results in identical ideal RSRQ on each UE antenna port, and similarly any margin resulting from practical UE receive diversity processing is included in the simulation results.
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