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1 Introduction

In the last meeting RAN 4 has agreed to introduce new RI tests with the following goal [1]:

· Introduce two test cases for IMR based RI reporting
· For 7-0 UE: One test is introduced to test RI reporting accuracy 
· For 7-1 UE: One test is introduced to test RI reporting accuracy and “RI-reference-process”  implementation
· FFS Rel-10 testing methodology is reused for RI reporting accuracy testing
In this document we provide a possible test set up in order to make sure that the RI test fulfils the above mentioned conditions. Initial simulation results are also provided.
1.1 RI reporting test
In TM10 the IMR resource need to be used in order to compute the CSI feedback. The reason is that the IMR corresponds to an interference hypothesis which the network controls. UE feedback based on IMR is essential in order to allow for network scheduling optimization. Hence, it seems crucial for TM10 UE to test that IMR (and not e.g. CRS) are used as basis for the feedback reporting as well as to test that the reporting is accurate.  Additionally for 7-1 it is beneficial to make sure that the UE correctly reports the rank corresponding to the RI-reference-process”.
In the following we first provide a set up valid for 7-0 feature group and then we generalize it for 7-1 feature group.

Legacy RI tests are defined by considering three cases

Test 1: EPA5 Low correlation and low SNR test metric is 2
Test 2: EPA 5 Low correlation and high SNR, test metric is 1
Test 3: EPA 5 High correlation and high SNR, test metric is 1 . It should be noted that the choice of this metric (1) was mainly due to problems related to penalization of an advanced receiver. 
The same type of tests can be defined in the following also for TM10.
1.1.1 Test set up for 7-0 

The test set up can be defined as in the following.

· Two TPs are configured.

· TP1 is the serving TP with cell ID 0

· TP2 is the interfering TP with cell ID 6
· CSI signal configuration

· TP1 uses NZP CSI-RS 0: configuration 2 with periodicity and offset 5/2

· TP2 uses ZP CSI-RS 0  configuration 2 with periodicity and offset 5/2

Note: Channel part is always protected.

· IMR configuration

· TP1 uses IMR 0: configuration 3 with periodicity and offset 5/2

· Channel conditions

· TP1: EPA low

· TP2: EPA low is chosen for the interfering cell to avoid problem related to penalization of the performance with advanced receivers.

The UE is configured with the following processes:
Process 0:

Channel part: NZP CSI-RS 0

Interference: IMR 0 

The reference SINR = TP1/(Noc+(TP2) depending on whether TP2 is blanked or not ((=1 if TP2 is not balnked and 0 if it is blanked).
Note that in this case not only the metrics and tests have to take into account the possibility of advanced receivers such as MMSE-IRC and shall not penalize this type of advanced receiver, but also a possible implementation of CRS-IC should be taken into account.

Hence, two options are possible in terms of CRSs definition for TP1 and TP2: 

Option 1. TP1 and TP2 have colliding CRSs. According to this option the CRS SINR of the serving cell will be similar to the PDSCH SINR when TP2 is not blanked if CRS-IC is not used, while it will be similar to the PDSCH SINR when TP2 is blanked if CRS-IC is used.

Option 2. TP1 and TP2 have non colliding CRSs. According to this option the CRS SINR of the serving cell will be similar to the PDSCH SINR. If CRS-IC is used the PDSCH throughput performance will differ. However it won’t be possible to determine whether the UE uses IMR for the RI computation rather than CRSs.

Option 1 is selected here.

The tests and the associated metrics are defined as follows. In the following tests, TP2 INR=15dB when TP2 is not blanked. 

Test 1-A: EPA5 low for TP1 and TP2.  TP2 PDSCH is not blanked. 

Low SINR conditions, it verifies the accuracy of the RI = 1 and it verifies that the UE does not use CRSs to base the RI reporting (in case it implements CRS-IC). 
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Test 2-A: EPA5 low for TP1, TP2 PDSCH is blanked. 

High SNR, it verifies the accuracy of the RI = 2 and it verifies that the UE does not use CRSs to base the RI reporting (in case it does not implements CRS-IC)
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 (Figure 2)

A test for High correlation and high SNR could be avoided for TM10. If RAN 4 sees the need for this high correlation test, one could consider introducing an additional test as follows

Test 3-A: EPA5 high for TP1, TP2 PDSCH is blanked. 

High SNR, it verifies the accuracy of the RI =2 for high correlation channel.
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 (Figure 3)
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Figure 1. RI when TP2 is non blanked
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Figure 2. RI when TP2 is blanked
TBD
Figure 3. RI for high correlation channel, TP2 is blanked.
1.1.2 Test set up for 7-1 
The test set up can be defined as in the following.

· Two TPs are configured.

· TP1 is the serving TP with cell ID 0
· TP2 is the interfering TP with cell ID 6
· CSI signal configuration

· TP1 uses NZP CSI-RS 0: configuration 2 with periodicity and offset 5/2
· TP2 uses NZP CSI-RS 1: configuration 1 with periodicity 5/2
· TP2 uses ZP CSI-RS 0  configuration 2 with periodicity and offset 5/2
Note: Channel part is always protected.
· IMR configuration

· TP1 uses IMR 0: configuration 3 with periodicity and offset 5/2

· TP1 uses IMR 1:  configuration 4 with periodicity and offset 5/2

· TP2 uses ZP CSI RS 1: configuration 4 with periodicity and offset 5/2
IMR 0 is non protected while IMR 1 is protected (only white Gaussian noise).

· Channel conditions

· TP1: EPA low
· TP2: EPA low is chosen for the interfering cell to avoid problem related to penalization of the performance with advanced receivers.

The UE is configured with the following processes:
Process 0:

Channel part: NZP CSI-RS 0

Interference: IMR 0 

IMR 0 is non protected and hence Reference SINR = TP1/(Noc+(TP2) depending on whether TP2 is blanked or not ((=1 if TP2 is not blanked and 0 if it is blanked).
According to this process the UE will report often rank =1 when TP2 is not blanked (if  PTP2>=PTP1). 

Process 1 
Channel part: CSI-RS 0

Interference: IMR 1 

IMR 1 is protected and hence the level of interference depends on TP2 PDSCH transmission. 

Reference SINR = TP1/(Noc)
According to this process the UE will report often rank 2.
The tests and the associated metrics are defined as follows. In the following tests when TP2 PDSCH is present TP2 INR=15dB. 
Test 1-B: EPA5 low for TP1 and TP2.  TP2 PDSCH is not blanked
Reference process is Process 0. Low SINR conditions, it verifies the accuracy of the RI =1, it verifies that the UE implements correctly the RI inheritance and it verifies that the UE does not use CRSs to base the RI reporting (in case it implements CRS-IC). 

[image: image6.wmf]2

0

0

,

2

=

-

=

RI

fixed

Tp

process

RI

follow

Tp

g

>>1 (Figure 4)

[image: image7.wmf]0

,

2

1

,

2

2

1

g

g

=

=

-

=

RI

fixed

Tp

process

RI

follow

Tp

 
Test 2-B: EPA5 low for TP1, TP2 PDSCH is blanked. 

Reference process is Process 1. 

High SNR, it verifies the accuracy of the RI =2 (with correct hypothesis). It also verifies that the UE does not use CRSs to base the RI reporting (in case it does not implement CRS-IC).
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 (Figure 5)

A test for High correlation and high SNR could be avoided for TM10. If RAN 4 sees the need for this high correlation test, one could consider introducing an additional test as follows
Test 3-B: EPA5 high for TP1, TP2 PDSCH is blanked. 

Reference process is Process 1. 

High SNR, it verifies the accuracy of the RI =2 for high correlation channel (with correct hypothesis).
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 (Figure 6)
It can be noticed that by using those metrics both rank 1 reporting and rank 2 reporting are exercised, the use of the correct reference process is also tested (i.e. the use of the correct IMR). It may be discussed further whether different tests need to be defined by considering different correlation matrix. 
TBD
Figure 4. RI when TP2 is blanked

TBD

Figure 5. RI when TP2 is blanked

TBD

Figure 6. RI for high correlation channel, TP2 is blanked.
2 Conclusions

In this paper we have provided a framework for the RI test for 7-0 and 7-1.
For 7-0 the set up is indicated in Section 1.1.1. 3 tests can be defined similarly to the legacy TM9 RI tests. 

For 7-1 the set up is indicated in Section 1.1.2. 3 tests could be defined similarly to the legacy TM9 RI test.

It is also proposed that the UE fulfils the tests according to the feature group for which it reports capability.
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