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1. Introduction
Since a 4-RX UE supports high ranks, testing rank indications have been discussed for CSI tests. First of all, 4-RX UEs need to be functionally tests for high rank supports. Secondary, gains from using rank adaptation of high ranks explicitly can be shown through the tests. As agreed in [1], RAN4 defines rank indication tests with RI=1,2 and high layers, and the measurement metrics are reused. The low ranks are certainly utilized in practice. The high ranks are useful to achieve high data rate, and in this initial phase of 4-RX study RAN4 has identified that high rank can explicitly shows gain in high SNR region, and reached to introduce a test including high rank adaptation. In the last meeting, RAN4 has agreed to introduce low rank tests as the legacy metric, and introduce one high rank test using the gamm-2 metric. 
In [1], the agreement from the last meeting has been captured as
· Agree same condition existing test 1 to 3 with further discussion on the detailed test metric
· Evaluate for each section the requirements for Test 1 to 3 with 4Rx 
· Evaluate Test 4 (Rank 3-4) for each section. The purpose is to check that the UE for high SNR signals rank 3 and/or rank 4 and thereby get higher throughput than fixed rank 2
· SNR region and codebooksubset configurations are TBD, and for further discussed over email
· Evaluation results to be presented with throughput for fixed and follow RI as well as the gamma values for the evaluated SNRs
· Propose Alignment and Impairment
In this contribution both the legacy Rank Indication test and the modified test from [1] are studied for 4RX UE, and also discuss further details of RI test configurations.

2. 4-RX UE RI tests with Rank 1 and 2
RAN4 has agreed to introduce low rank tests based on the legacy 2-RX RI tests. Since 4-RX UE rank can be adapted more dynamically from 1 to 4, and especially the 4-RX UE can make robust performance in the low ranks with receiver diversity. A goal of low rank adaptation tests is same as 2-RX UE tests, but the 2-RX UE RI tests may not be properly applied to 4-RX UEs. In low SNR, robust rank report is more important. As channel quality gets better, higher ranks can be used depending on MIMO channel correlation properties.  
Test 1 : 4-RX UE fixed RI=2 vs following RI in low SNR and low correlation
4-RX RI test 1 is made based on 2-RX 9.5.1.1 test 1. A purpose of the test is to check UE performance in low SNR region preserving the low rank adaptation. As confirmed in figure 1, rank 2, the adapted RI curve begins to beat RI=2 curve below 0dB. This is because 4-RX operation of low rank is overall improved, so SNR range need to be adjusted. For SNR test range, we propose to test RI test 1in table 1 at SNR=-4dB.
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Figure 1 : test 1; 4-RX UE fixed RI=2 vs following RI in low SNR and low correlation
Proposal 1 : We propose to test 4-RX RI test-1 at SNR= -4dB.
Test 2 : 4-RX UE fixed RI=1 vs following RI in high SNR and low correlation
The 4-RX test 2 is for testing rank adaptation gain versus RI=1 under low correlation. Figure 2 shows rank adaptation throughput and gamma tests. We observe that RI=1 with 4-RX UE performance is saturated around 14dB. We propose to test at SNR=14dB where approximated 70% of the max throughput of the RI adaptation performance.
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Figure 2 : test 2; 4-RX UE fixed RI=1 vs following RI in high SNR and low correlation
Proposal 2 : We propose to test 4-RX RI test-2 at SNR= 14dB.
Test 3 : 4-RX UE fixed RI=1 vs following RI in high SNR and high correlation
The 4-RX test 3 is to test if UE rank adaptation select RI=1 under high correlation channel under high SNR region. If the UE selects RI=2, demodulation performance will become fragile. Figure 3 shows rank adaptation throughput and gamma tests. We observe that RI=1 with 4-RX UE performance is saturated around 14dB. Even when performance is saturated, the UE should not push the adaptation toward high rank due to the given channel correlation. The UE behaviour can be tested in SNR regions where the performance becomes saturated. We prefer to test it at SNR=14dB or 16dB.
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Figure 3 : test 3; 4-RX UE fixed RI=1 vs following RI in high SNR and low correlation
Proposal 3 : We propose to test 4-RX RI test-3 at SNR=14dB or 16dB.
3. 4-RX UE RI tests with High Rank

High rank test has been agreed in the last meeting. Test conditions have been almost agreed in the way-forward. It seems only remained controverisal point about the precoder code book subset configurations.
Through the email discussion, two options have been mentioned. 


Option 1 :

         Fixed RI 2    : 0x0000 0000 0100 0000
         Follow rank : 0x0100 0100 0100 0100

Option 2:

             Fixed RI 2    : 0x0000 0000 FFFF 0000

         Follow rank : 0xFFFF FFFF FFFF FFFF

We see reasonable reasons of both options. About the option 1, since the test runs under a low correlation channel, fixed PMI would best preserve channel properties. Also, 4 Rel-8 4 Tx codebook, lower rank PMI will be embedded in higher rank PMI for same PMI index, therefore the beam is fixed. This  gives a test setting to moniter performance only depending on RI adaptation. For the RI test, it would be more ideal.
For option 2, RI and PMI can be adapated within the given code book. CSI selection can be fallback to a lower rank with any PMI. Also, PMI adaptation helps the high rank performance explcitly in overall SNR region.

Figure 4 and Figure 5 show the performance curves when using the two options. We don’t have strong preference, but for the purpose of high rank test, it seems option-2 codebook seems proper. 

A test SNR point can be decided depending on a codebook subset decision.
Proposal 4 : We propose to define the new high rank RI test with option-2 codebook subset. A test SNR point can be decided depending on a codebook subset decision.
[image: image7.png]Throughput

<107 4RX Rl test 4, 4x4 EPAS, Low corr. PrecoderSubset A

—O—RE1
R
RE
Ri=4
Reported Rl
h
2 i i 8 2 2

SNR(dB)

28




Figure 4 : test 3; 4-RX UE high rank test with  codebook subset  option 1 
(Note : each rank utilizes one-bit fixed codebook.)
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Figure 5 : test 3; 4-RX UE high rank test with  codebook subset  option 2
4. Conclusion
In this contribution, we share our observation and proposals of 4-RX RI tests.
Proposal 1 : We propose to test 4-RX RI test-1 at SNR= -4dB.
Proposal 2 : We propose to test 4-RX RI test-2 at SNR= 14dB.
Proposal 3 : We propose to test 4-RX RI test-3 at SNR=14dB or 16dB.
Proposal 4 : We prefer to define the new high rank RI test-4 with codebook subset of { fixed RI 2    : 0x0000 0000 FFFF 0000,  follow rank : 0xFFFF FFFF FFFF FFFF }. A test SNR point can be decided depending on a codebook subset decision.
Reference
[1] R4-162772 Way forward on 4Rx RI reporting, Ericsson, San Jose del Cabo, Mexico, 11 - 15 Apr 2016   

[2] R4-162467 On 4Rx RI test, Ericsson San Jose del Cabo, Mexico, 11 - 15 Apr 2016   

[image: image9.png]Parameter
Bandwidth
PDSCH transmission mode

Downlink power Pa
allocation =
s

Propagation condition and antenna
configuration

CodeBooksubsetRestriction bitmap

Antenna correlation
Rl configuration

SNR

ND

Maximum number of HARQ
transmissions
Reporting mode
Physical channel for CQI/PMI
reporting
PUCCH Report Type for CQI/PMI
Physical channel for Rl reporting
PUCCH Report Type for RI
Reporting periodicity.

PMI and CQl delay
mi-Configurationindex

ri-Configurationind

cqi-

Unit
MHz

8
8
8

@8
dBImW/15kHz]
dB[mW/15kHz]

ms
ms

Test1 Test2 Tests

2X4EPAS

000011 for fixed RI =1
010000 for fixed Ri =2
010011 for UE reported RI

Low Low High
FiedRi=2and  FixedRI=l  FiedRi<Land
follow RI andfollowRI  followR!
o 2 »

58 98 £l
98 78 78

1

PUCCH 1-1 (Note 4)
PUCCH Format 2

2
PUSCH (Note 3)
3

Lo
]

6
1(Notes)

Test4

4x4EPAS

TBD

Low

Foted RI=2
and folow RI

8D
S
8D





[image: image10]
3GPP

[image: image1.png]Gamma-2

25

15

05

x107

4RXRI test, 2x4 EPAS, low corr. low SNR

——Reported R
—O—Re2




