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1 Introduction

In RAN 4 66bis document [1] was agreed:
· It has been agreed to introduce the following tests for CoMP feature

· Test 1: Verifying UE performing correct timing offset compensation, channel parameters estimation and rate matching behavior in CoMP scenario 4 
· Test 2: Verifying UE performing correct frequency offset compensation and rate matching behavior in CoMP scenario 3 with colliding CRS. 

· Power difference between transmission TP and serving TP is FFS

· Performance should be provided as PDSCH throughput vs SNR

· FFS for include SNR test, i.e., UE performs correct SNR estimation based on DM-RSs rather than CRSs in either Test  1 or Test case 2.

· Companies are encouraged to provide simulation results in RAN 4 #67 when behaviour B is correctly implemented for the parameters mentioned in Test 1 and/or Test 2 but wrong SNR estimation is performed and the case when also SNR estimation is correctly estimated via DM-RS. The goal is to check whether it is possible to discriminate between correct UE behaviour w.r.t SNR estimation together with the features tested either under test 1 or test 2  

· No JT test will be defined under rel-11 work item

· FFS whether to assume CRS-IC as reference receiver for frequency error estimation

· Companies to address the availability of information on aggressor CRS

· FFS whether to introduce a test based on non-colliding case in CoMP scenario 3 to verify PDSCH demodulation performance 

· FFS whether to assume CRS-IC. 

· FFS whether to introduce additional DPS test for feature 7-1 UE only on top of what already agreed.

The issues that need to be addressed are as follows:

1. The details of test 1 and test 2.

2. Whether CRS-IC can be considered in the context of CoMP for frequency error estimation for test 2.

3. Whether SNR can be tested with test 1 or test 2 or alone. 

4. Whether there is the need to introduce new DPS tests for feature group 7-1.

5. Whether PDSCH performance under CoMP should be defined under the assumption that CRS-IC is supported by the UE.
In this document we address these aspects.
2 Points 1, 2 and 3: Details of test 1, 2, use of CRS-IC for frequency error estimation and SNR estimation
It should be noted that these tests are applicable to 7-0, as they are defined by considering a fixed transmission point.
2.1 Test 1: Timing Error, Scenario 4, 7-0
The aim of test 1 is to verify that the UE is capable of handling correct timing estimation and compensation based on CSI-RS. The range has been already agreed as [-0.5, 2]musec.
Under this test the transmission point is fixed. 

Under this test the following characteristics are considered.
· CoMP scenario 4, TP1 and TP2 share the same cell ID. The reference timing is given by the combination of the CRSs from TP1 and TP2.
· TP1 transmits CRS/PSS/SSS
· TP2 transmits CRSs, PDSCH, DM-RS, CSI-RS
· Antenna configuration: 4x2, Rank 2
· Propagation channel: EPA 5 which are the channel conditions for which it is easier to discriminate between behaviour A and B according to [2]. EPA 5 can be used for TP2 and EVA 5 can be used for TP1.
· System bandwidth: 5 MHz 
· CRS-SNR:  Case 1: TP1 and TP 2 have the same power, Case 2 TP 1 is 3dB higher than TP2, Case 3 TP2 is 3dB higher than TP1.
· PDSCH PRB allocation: full allocation 

· Frequency error between TPs= 0 or 50Hz (50Hz shown in the figure).
· Timing error: Timing error is dynamically changed between -0.5musec and 2musec according to a certain pattern. The pattern is transparent to the UE. For each timing changes a certain amount of subframes are dropped, S, to avoid transition issues. In the simulation results provided S=2. The percentage of subframes for which the timing error is 2musec is 75%. 
· Modulation and coding scheme = 64QAM, ¾. This will help discriminating between correct behaviour A and behaviour B.
· Metric: Throughput vs SNR should be considered initially before defining a test point
· Baseline algorithm: CSI-RS base timing error estimation.
· CSI-RS: The number of CSI-RS processes is equal to 1.

Figure 1-3 shows the performance results for Case 1, 2 and 3 where both TPs have EVA channel profile (EPA shows similar behaviour). The following plots are provided:

1: Correct behaviour B for timing, PDP estimation and SNR estimation, 

2: Correct behaviour B for timing, PDP estimation and SNR estimation based on CRS,

3: Wrong behaviour A for timing and PDP estimation and SNR estimation based on CRS
Figure 4 shows the BLER performance when switching the timing offset. From this figure we can see that dropping 2 subframes it considered enough in order to avoid transient periods.
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Figure 1. Test 1, TP1 and TP 2 have the same power. 75% 2musec and 25% -0.5musec with 2 subframe drops for switching.
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Figure 2. Test 1, TP2 is 3dB higher than TP 1. 75% 2musec and 25% -0.5musec with 2 subframe drops for switching.
The performance in Figure 2 could be expected because most of the power comes from the TP which is transmitting PDSCH and hence the FFT timing positioning is biased towards the serving TP.
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Figure 3. Test 1, TP1 has 3dB higher power than TP 2. 75% 2musec and 25% -0.5musec with 2 subframe drops for switching.
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Figure 4. Test 1, BLER performance vs time when switching the timing between -0.5 to 2musec.

From this figures 1-3 the following can be observed:
Observation 1:

SNR can not be tested with Test 1.

the case when TP1 has 3dB higher power than TP1 provides better discrimination between behaviour B and behaviour A.

2.2 Test 2: Frequency error, Scenario 3, colliding CRS, 7-0
The aim of test 2 is to verify that the UE is performing correct frequency offset compensation and rate matching behavior in CoMP scenario 3 with colliding CRS. 

Under this test 2 transmission points with different cell IDs are considered. TP1 and TP2 both transmit CRS. PDSCH/DM-RS are transmitted from a single TP, the LPN. CRSs are not frequency shifted. The UE is at the border region between LPN with an extended range, which motivates the high level of interference on CRS from LPN. The cell is small which guarantees that a sufficiently high data SNR can be achieved. Additionally the load in the cell is low. Under this test the following characteristics are considered.
· CoMP scenario 3, TP1 and TP2 have different cell ID. CRSs are colliding. 
· TP1 transmits CRS/PSS/SSS
· TP2 transmits CRSs, PDSCH, DM-RS, CSI-RS
· Antenna configuration: 4x2, Rank 2
· Propagation channel: EPA5/ EVA5 which are the channel conditions for which it is easier to discriminate between behaviour A and B
· System bandwidth: 5 MHz.
· CRS-SNR =-8 dB, -4dB
· PDSCH PRB allocation: 6PRB or full allocation
· Frequency error between TPs= 200Hz
· Timing error: 0 timing error can be considered for this test. 
· Modulation and coding scheme = 64QAM, ¾. 
· Metric: Throughput vs SNR should be considered initially before defining a test point
· CSI-RS: The number of CSI-RS processes is equal to 1.
Figure 5-8 shows the performance results for -8dB and -3dB imbalance CRSs for EPA and EVA respectively for the following cases:

Case a: Correct behaviour B for frequency error, rate matching and SNR estimation, 

Case b: Correct behaviour B for frequency error, rate matching and SNR estimation based on CRS,

Case c:  Wrong behaviour A for frequency error, rate matching and SNR estimation based on CRS.
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Figure 5. Test 2, -3dB CRS imbalance, EPA, 25PRB allocation.
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Figure 6. Test 2, -3dB CRS imbalance, EVA, 25PRB allocation.
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Figure 7. Test 2, -8dB CRS imbalance, EPA, 25PRB allocation.
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Figure 8. Test 2, -8dB CRS imbalance, EPA, 25PRB allocation.

The following observations can be drawn from the figures above.
Observation 2:

SNR can be tested efficiently together with test 2.

CRS-IC is needed in order to make sure that the performance is not adversely affected. It should be noted that there is a performance loss if CRS-IC is not used also at low SNR imbalance between CRSs (see Figure 6, EVA channel where ~1dB degradation can be seen. This degradation is non negligible but still too small to define a proper test point). In order to consider a valid test point we propose to consider the case of CRS imbalance ~-8dB, 200HZ frequency error. 

It should be noted that 64QAM and high SNR can happen in realistic network (e.g. LOS conditions). It is, hence important to make sure that the UE implementation is sufficiently robust to cope with adverse conditions in terms of CRS SNR.

2.3 Conclusions and proposals
The following is proposed:
· Consider the details for test set up for test 1 and test 2 are provided as above.

· Test 1: For timing error test the timing error can be considered according to 2 values (the extreme) and the pattern can be defined in a transparent manner to make sure that the UE correctly estimate the timing based on CSI-RS, the number of subframes to drop to avoid transient issues and the % of 2musec subframes needs to be provided (e.g. 2 subframes and 75%).
· Test 2: CRS-IC is needed to correctly estimate the frequency error. In order to consider a valid test point we propose to consider the case of CRS imbalance ~-8dB, 200HZ frequency error. 
· SNR estimation can be tested together with test 2.

3 Point 4: DPS tests for 7-1
According to point 4 we need to decide whether new tests which are specifically defined to mimic DPS are needed for UE supporting feature groups 7-1.
We think that DPS is an important feature for which CoMP was primarily optimized for and hence it is important to make sure that this aspect is correctly tested. In particular we need to make sure that the UE is capable of having good performance when the network dynamically changes the transmission point.

In order to avoid doubling the test cases, it is proposed to re-define test 1 and test 2 above in a dynamic way so that the same timing and frequency error features are tested in a dynamic environment such as DPS for UE supporting 7-1. When the UE supports this feature group there would not be the need to fulfil test 1 and 2 mentioned in Section 2.

The details of the test set up is provided in section 3.1 and 3.2.
An alternative solution would be to require test 1 and 2 to be always fulfilled and define an additional test whose aim is to verify the performance when all the QCL features are present together with a dynamic transmission point switching. This additional test would be required only for UE supporting feature group 7-1.

Section 3.1 and 3.2 provide the generalization of test 1 and 2 to a dynamic setting as per the primary solution mentioned above. 

3.1 Test 3. Timing error, DPS scenario 4 for 7-1

This test is introduced to verify that the UE is capable of supporting DPS, i.e. it is capable of following dynamic TP changing under scenario 4. Correct PDP estimation handling is also tested here.
Two transmission points are considered both transmitting CRSs with shared cell ID. PDSCH is transmitted alternatively from TP1 and TP2 according to a certain deterministic pattern, for example TP which transmits PDSCH changes according to a pattern which is considered as transparent for the UE. The UE is configured with a multiple CSI-RS resource. Depending on the transmission point which is chosen for the actual PDSCH transmission a certain CSI-RS resource is colocated with DM-RSs. The UE sees a single CRS signal. The UE is located at the boarder between macro node and LPN. 

Under this test the following characteristics are considered.
· Antenna configuration: 4x2, Rank 2

· Propagation channel: EPA5 and EVA5: different channel profiles for different TPs.
· Serving TP: the amount of switching between TP1 and TP2 is transparent for the UE, the same dropping handling as for test 1 can be considered here: For each TP change a certain amount of subframes are dropped, S, to avoid transition issues. The percentage of subframes for which TP1 is transmitting PDSCH is TBD%.
· System bandwidth: 5 MHz or 10MHz. 

· CRS-SNR: Case 1: TP1 and TP 2 have the same power, Case 2 TP 1 is 3dB lower power than TP2, Case 3 TP1 is 3dB higher than TP2.
· PDSCH PRB allocation: 6 PRB or full bandwidth allocation

· Frequency error between TPs= 0-50Hz

· Timing error: 2musec associated to TP1 and -0.5musec associated to TP2
· Modulation and coding scheme = 64QAM 3/4 

· Metric: Throughput vs SNR should be considered initially before defining a test point
· Baseline algorithm: no frequency error estimation possible, Frequency error is seen as Doppler shift, DM-RS channel related parameters selection, CSI-RS based timing estimation.
· CSI-RS: The number of CSI-RS resource is > 2
If UE supports feature group 7-1, test 1 does not need to be performed.
3.2 Test 4. DPS scenario 3, colliding CRS for 7-1

This test is introduced to verify that the UE is capable of supporting DPS, i.e. it is capable of following dynamic TP changing under scenario 3 and it is capable of performing correct frequency error estimation.

Two transmission points are considered both transmitting CRSs, with different cell ID. CRSs are colliding. PDSCH is transmitted alternatively from TP1 and TP2 according to a certain pattern, which is considered to be transparent to the UE. Without loss of generality we consider here that TP1 is the LPN and TP2 is the macro cell. The UE is configured with a multiple CSI-RS resource. Depending on the DPS TP switching a CRSs and a certain CSI-RS resource is colocated with DM-RSs and a certain CRS resource is collocated for the purpose of frequency error estimation and compensation. The UE knows this information via appropriate signaling, PQI.  

· Antenna configuration: 4x2, Rank 2

· Propagation channel: EPA5 and EVA5. Different channel profiles for different TPs.
· Serving TP: switched according to a certain pattern. The amount of switching between TP1 and TP2 is transparent for the UE, the same dropping handling as for test 3 can be considered here: For each TP change a certain amount of subframes are dropped, S, to avoid transition issues. The percentage of subframes for which TP1 is transmitting PDSCH is TBD%.
· System bandwidth: 5 MHz or 10MHz. 

· CRS-SNR:  CRS of TP2 is 8dB stronger than CRS of TP1.
· PDSCH PRB allocation: 6 PRB or full bandwidth allocation

· Frequency error between TPs= TP1 has 200Hz frequency error wrt TP2.
· Timing error: 0
· Modulation and coding scheme = 64QAM 3/4 

· Metric: Throughput vs SNR should be considered initially before defining a test point
· Baseline algorithm: CRS-IC based frequency error estimation, DM-RS channel related parameters selection.
· CSI-RS: The number of CSI-RS resource is > 2
SNR estimation can be tested together with Test 4.
3.3 Conclusions and proposals

Two alternative methodologies are proposed for the definition of tests for feature group 7-1. 
Alt. 1: 
re-define test 1 and test 2 in Section 2 in a dynamic way so that the same timing and frequency error features (plus SNR and channel related parameters) are tested in a dynamic environment such as DPS for UE supporting 7-1. When the UE supports this feature group there would not be the need to fulfil test 1 and 2 mentioned in Section 2.

The details of the test set up (Test 3 and Test 4) is provided in section 3.1 and 3.2.

Alt 2. Require test 1 and 2 to be always fulfilled and define an additional test whose aim is to verify the performance when all the QCL features are present together with a dynamic transmission point switching. This additional test would be required only for UE supporting feature group 7-1. This test could be based on Scenario 3, with non colliding CRSs.
Additional proposals:
•
CRS-IC is needed to correctly estimate the frequency error. 

•
SNR estimation can be tested together with test 4.

4 Point 5: the use of CRS-IC in CoMP

It has been shown that in case of non colliding CRSs in CoMP scenario 3 the aggressor cell CRSs would create a high amount of interference on the wanted PDSCH. Simulation results in this paper show that the degradation in terms of throughput is very large, it is up to 60-70% of the throughput loss can be obtained for 3dB CRS SNR imbalance between the aggressor cell and the victim cell. The results provided in Annex A shows that this degradation ranges from 21% for -3dB imbalance and EVA and 77% for 3dB imbalance and EVA and from 32% to 67% for the same imbalances for EPA. 

This clearly shows the need for considering CRS-IC as reference receiver for CoMP if good PDSCH throughput performance is to be achieved. 

In previous meeting it was mentioned whether the UE has all the necessary information in order to perform CRS-IC.

Under FeICIC a dedicated signalling is considered which includes 

· Cell ID

· MBSFN subframe configuration

· CRS ports

In general it is likely that the UE in a pico cell experience interference coming from different aggressors. These aggressors can be

-the serving macro cell

-other pico cells

It is likely that the macro cell will be the strongest aggressor cell. In this case the UE have all the information necessary in order to cancel the CRS interference. Additionally, it is considered that the UE has knowledge about CRSs of the neighbour cells (the UE has to do measurements). Additionally one could consider that whether or not MBSFN subframe is configured can be detected by the UE. Also note that if one cell is configuring MBSFN it is likely that neighbour cells as well are configured in MBSFN subframes. 

Hence we see no need to introduce a signalling to provide the UE with network assistance.
In order to test the proper usage of CRS-IC the following additional test is proposed.

4.1 Test 5: Scenario 3, non colliding CRS

Under this test 2 transmission points with different cell IDs are considered. TP1 and TP2 both transmit CRS. PDSCH/DM-RS are transmitted from a single TP, the LPN. CRSs are frequency shifted and hence CRSs will introduce interference to PDSCH region. The UE is at the border region between LPN with an extended range, which motivates the high level of interference on CRS from LPN. The cell is small which guarantees that a sufficiently high data SNR can be achieved. Alternatively a low load on TP2 can be also considered.

Under this test the following characteristics are considered.

· Antenna configuration: 4x2, Rank 2

· Propagation channel: EVA5 /EPA5

· System bandwidth: 5 MHz.

· CRS-SNR =Aggressor CRSs has 3dB (or 0dB) higher power than serving CRS. 

· PDSCH PRB allocation: full allocation
· Frequency error between TPs= 200Hz

· Timing error: 2musec timing error can be considered for this test. 

· Modulation and coding scheme = 64QAM, ¾. 

· Metric: Throughput vs SNR should be considered initially before defining a test point

· Baseline algorithm: CRS for frequency error, CRS-IC to remove interference on PDSCH region, CSI-RS for timing error.
· CSI-RS: The number of CSI-RS processes is equal to 1.

4.2 Conclusions
The following is proposed.

· CRS-IC is needed in order to achieve good performance under CoMP

· It is proposed to add an additional test as defined in section 4.1.

5 Overlapping between PDCCH and PDSCH

In the last meeting, RAN4 has received an LS from RAN 1 indicating that in the context of CoMP PDCCH and PDSCH may overlap [3].

RAN 1 has agreed on a signaling which makes it possible to signal a starting OFDM symbol for PDSCH that results in that the PDSCH is mapped onto OFDM symbols that overlap with the PDCCH control region. This may happen when PDSCH and PDCCH are transmitted from different transmission points.

The agreed behaviour the UE should follow is reported here [3]:
· In case an indicated PDSCH starting symbol is earlier than the end of the PDCCH in the serving cell, the UE shall assume the indicated number of CRS ports for PDSCH RE mapping in all the symbols occupied by the PDSCH, including the symbols overlapping with the PDCCH, while PDCCH RE mapping is according to the serving cell’s CRS

The typical use case for PDCCH and PDSCH overlap is dynamic point switching. So the UE receives PDCCH from TP1 and DMRS based PDSCH from TP2. TP2 may very well use a different control region size than TP1 since it typically corresponds to another cell. Since the PDCCH and the PDSCH are transmitted from different points there is no problem having an overlap (but there is a problem not having the possibility to do this because then we may get collisions between PDSCH and PDCCH on TP2). This is an important feature which avoid forcing all the cells which may participate in a CoMP transmission to use the same control region. The size of the control region is cell specific. Note that this use case was pointed out in the LS [3] where RAN1 asks RAN4 to take this into account in the definition of tests. 

Note that the UE is not supposed to try to cancel PDCCH interference. However it is important to take this into account to define reliable and realistic test case and to make sure that the UE is capable of reaching a specified throughput even in presence of an overlap between PDCCH and PDSCH and that the system is not broken because of this dynamic signaling.

Hence we propose the following:

Proposal . Test the functionality of PDCCH control region overlap by introducing different PDCCH control region size for TP 1 and TP 2. This can be included in the DPS test where half of the time the PDCCH region will overlap with PDSCH.
6 General Conclusions

The following is proposed:

For feature group 7-0, the following tests shall be fulfilled
Test 1: Timing estimation/compensation, channel parameters, Scenario 4
Test 2: Frequency error and SNR, Scenario 3, colliding CRSs
Test 5: Scenario 3 non colliding CRSs, CRS-IC for PDSCH
For feature group 7-1, the following tests shall be fulfilled
Test 3: Timing estimation/compensation, channel parameters, DPS Scenario 4
Test 4: Frequency error and SNR, DPS Scenario 3, colliding CRSs
Test 5: Scenario 3 non colliding CRSs, CRS-IC for PDSCH
Alternatively the following approach can be also considered:
Alt 2. Require test 1 and 2 and 5 to be always fulfilled and define an additional test whose aim is to verify the performance when all the QCL features are present together with a dynamic transmission point switching. This additional test would be required only for UE supporting feature group 7-1. This test could be based on Scenario 3, with non colliding CRSs (generalization of test 5).
We have also concluded that
· CRS-IC is needed in order to achieve good performance under CoMP for non colliding CRS case

· CRS-IC is needed to correctly estimate the frequency error. 
· SNR estimation can be tested together with test 2 and 4.
· It is needed to test the functionality of PDCCH control region overlap with PDSCH by introducing different PDCCH control region size for TP 1 and TP 2. This can be included in the DPS test where half of the time the PDCCH region will overlap with PDSCH.
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8 Annex A

In this annex we provide link level simulations to show the benefits of using CRS-IC when CRSs hit the PDSCH region for various power imbalance between aggressor CRSs and serving CRSs. 

The following conditions are considered for the simulation results in this annex:
Under this test 2 transmission points with different cell IDs are considered. TP1 and TP2 both transmit CRS. PDSCH/DM-RS are transmitted from a single TP, the LPN. CRSs are frequency shifted and hence CRSs will introduce interference to PDSCH region. The UE is at the border region between LPN with an extended range, which motivates the high level of interference on CRS from LPN. The cell is small which guarantees that a sufficiently high data SNR can be achieved. Alternatively a low load on TP2 can be also considered.

Under this test the following characteristics are considered.

· Antenna configuration: 4x2, Rank 2

· Propagation channel: EVA5 /EPA5

· System bandwidth: 5 MHz.

· CRS-SNR =serving CRSs has xdB imbalance wrt aggressor CRS, x=3,1.5,0, -1.5, -3dB 

· PDSCH PRB allocation: full allocation
· Frequency error between TPs= 200Hz

· Timing error: 0 timing error can be considered for this test. 

· Modulation and coding scheme = 64QAM, ¾. 

· Metric: Throughput vs SNR should be considered initially before defining a test point

· Baseline algorithm: CRS for frequency error, CRS-IC to remove interference on PDSCH region.

· CSI-RS: The number of CSI-RS processes is equal to 1.
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Figure 9. Non colliding CRSs x=3dB, EPA5
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Figure 10. Non colliding CRSs x=3dB, EVA5
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Figure 11. Non colliding CRSs x=1.5dB, EPA5
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Figure 12. Non colliding CRSs x=1.5dB, EVA5

[image: image13.png]Throughput (bps)

18

16

14

12

-
(=]

oo

X

10°

EPA, 5SMHz

T
—<— Frequency Error (Hz) = 0, CRS-IC
—=— Frequency Error (Hz) = 200, CRS-IC
—&— Frequency Error (Hz) = 0, No CRS-IC
—*— Frequency Error (Hz) = 200, No CRS-IC

15 20 25 30
PDSCH SNR (dB)Y




Figure 13. Non colliding CRSs x=0dB, EPA5
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Figure 14. Non colliding CRSs x=0dB, EVA5
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Figure 15. Non colliding CRSs x=-1.5dB, EPA5
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Figure 16. Non colliding CRSs x=-1.5dB, EVA5
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Figure 17. Non colliding CRSs x=-3dB, EPA5
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Figure 18. Non colliding CRSs x=-3dB, EVA5

