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1 Introduction

In the previous meeting some discussion took place for the definition of the test set up for the PDSCH for CoMP. In order to progress the work we provide here our view for the test set up. 

In the past RAN 4 meeting the following was agreed in the context of CoMP PDSCH performance requirements:

· It has been agreed to test the following features in the context of PDSCH demodulation tests:

1. UE performs correct timing offset compensation according to PQI signaling 

2. UE performs correct frequency offset compensation according to PQI signaling

3. UE performs correct SNR estimation based on DM-RSs rather than CRSs 

4. UE performs correct channel parameters estimation (e.g. delay spread, PDP ) according to PQI signaling

5. UE performs correct rate matching around NZP CSI-RS resource, ZP CSI resource and the configured CRS according to PQI signaling

· Features

1. UE supports the dynamic point change for PDSCH transmission

· FFS for feature 7-1 UE only or for 7-0 and 7-1

2. FFS to test TM10 JT from multiple transmission point.

· Baseline receiver algorithm for frequency and timing compensation may be defined for the  purpose of alignment of the simulation results.
· The CoMP scenario to use in the test(s) is FFS.

· In this meeting most of the companies prefer single test pending feasibility study. Using multiple tests is not precluded at this time.

In this document we provide simulation results in terms of PDSCH throughput in order to motivate the need for a separated approach in order to test QCL feature.
2 Scenarios and use case

Simulation results are based on this scenario (Test 1 in [1]).

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

· Propagation channel: EVA5, EPA5, ETU5 
· System bandwidth: 5 MHz.

· CRS-SNR = -10dB, -5dB, -3dB, 0dB
· PDSCH PRB allocation: 6PRB
· Frequency error between TPs= 200Hz

· Timing error: 2usec 
· 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: according to cases.
· CSI-RS: The number of CSI-RS processes is equal to 1.

Baseline algorithms/Cases analyzed via simulations: 

· Case 1. correct Behaviour B with CRS based frequency error correction.

· Case 2. correct  Behaviour B CRS-IC base frequency error estimation

· Case 3. wrong  Behaviour A

· Case 4. correct Behaviour B with CRS based freq error correction but behaviour A for the rest (timing, SNR, delay spread, PDP)

· Case 5. correct Behaviour B with CRS-IC based freq error correction but behaviour A for the rest (timing, SNR, delay spread, PDP)

· Case 6. correct Behaviour B with CRS based freq error correction and timing error but behaviour A for the rest (SNR, delay spread, PDP)

· Case 7. correct Behaviour B with CRS-IC based freq error correction and timing error but behaviour A for the rest (SNR, delay spread, PDP)

· Case 8. correct Behaviour B for SNR, delay spread, PDP and behaviour A for timing and frequency error

· Case 9. correct Behaviour B for SNR, delay spread, PDP and timing, behaviour A for timing and frequency error

· Case 10. correct Behaviour B for SNR, delay spread, PDP and frequency error based on CRS and behaviour A for timing 

· Case 11. correct Behaviour B for SNR, delay spread, PDP and frequency error based on CRS-IC and behaviour A for timing 

2.1 Results

Figures 1-4 shows the results for EPA channels for different CRS-SNR, Figures 5-8 for EVA and 9-12 for ETU.
The following can be observed from the figures.

In general:

It is difficult to discriminate between the correct behaviour B as there are several cases which provide similar performance. The situation seems to be the same for all the propagation profile and all the CRS SNR.

For EPA it can be noticed that the case when CRS-IC is used for frequency and CSI-RS are used for timing compensation but behaviour A is used for SNR and PDP provides better performance. This is due to the fact that in the simulation the same PDP profile is used for CRSs and PDSCH which may not be the case all the time (the colocation is only signalled for the purpose of frequency error estimation), additionally if the SNR is selected by considering CRSs (i.e. much lower SNR is estimated) the selection of the channel filter is different which provides slightly better performance. This is observed only for EPA.

Clearly when CRS SNR decreases the use of CRS-IC to cancel the CRS interference allows for appropriate frequency error estimation.  For EPA CRS based frequency error estimation is more stable than for EVA and ETU channels.

If we consider the SNR range 15-20dB as target region to define the requirements it is observed that it may be difficult to discriminate between the following scenarios (if we take into account implementation margins, spread in companies results etc etc..)
· Case 1. correct Behaviour B with CRS based frequency error correction (depending on the CRS SNR)
· Case 2. correct  Behaviour B CRS-IC base frequency error estimation

· Case 6. correct Behaviour B with CRS based freq error correction and timing error but behaviour A for the rest (SNR, delay spread, PDP) (depending on the CRS SNR)

· Case 7. correct Behaviour B with CRS-IC based freq error correction and timing error but behaviour A for the rest (SNR, delay spread, PDP)

· Case 10. correct Behaviour B for SNR, delay spread, PDP and frequency error based on CRS and behaviour A for timing, (depending on the CRS SNR)
· Case 11. correct Behaviour B for SNR, delay spread, PDP and frequency error based on CRS-IC and behaviour A for timing.

In particular case 11 shows that it may be difficult to discriminate between correct frequency error estimation AND timing error estimation if RAN 4 decides for a single test with the intent of testing the correct behaviour B. If a single test is defined, there is the risk that partially correct implementation can fulfil the requirements. 
Since the performance gains will be different in different scenarios, and considering that RAN 4 can not test all the possible scenarios to make sure that sufficient performance can be achieved, it is important to make sure that the UE has the correct behaviour B. It is hence recommended to test separately 

· timing error,  

· frequency error 

· SNR, PDP, delay spread. 
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Figure 1. EPA, CRS SNR=0dB.
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Figure 2. EPA, CRS SNR=-3dB.
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Figure 3. EPA, CRS SNR=-5dB.
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Figure 1. EPA, CRS SNR=-10dB.
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Figure 5. EVA, CRS SNR=0dB.

[image: image6.jpg]1 (Mbps)

EVA CRSSIR =

3dB

Beh B with - CRS
Beh B CRS-IC

wrong Behaviour A

Beh B for CRS based freq error, beh A for the rest

Beh B for CRS-IC based freq error, beh A for the rest

Beh Bfor CRS based freq error+timing, beh A for the rest

Beh B for CRS-IC based freq eror+timing, beh A for the rest

Beh B for SNR, delay spread, PDP, beh A for timing and freq
Beh B for SNR, delay spread, PDP, timing, beh A for freq

Beh B for SNR, delay spread, PDP, CRS freq, beh A for timing
Beh B for SNR, delay spread, PDP, CRS-IC freq, beh A for timing

25

05

35




Figure 6. EVA, CRS SNR=-3dB.
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Figure 7. EVA, CRS SNR=-5dB.
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Figure 8. EVA, CRS SNR=-10dB.
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Figure 9. ETU, CRS SNR=0dB.
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Figure 10. ETU, CRS SNR=-3dB.
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Figure 11. ETU, CRS SNR=-5dB.
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Figure 12. ETU, CRS SNR=-10dB.

3 Conclusions

From the results above it is clear that single test can not guarantee the correct UE implementation for the QCL feature. Hence it is important to define multiple tests in order to test the specific impairments in a separate manner. The following is proposed:
It is recommended to test separately 

· Timing error,  

· Frequency error 

· SNR, PDP, delay spread. 
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