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1   Background
In the RAN4#79 meeting, test applicability and antenna connections of 4Rx UEs are fully discussed. However, since there are so many test cases with different test conditions, it is very difficult to find a general solution for 4Rx applicability rule.
Instead of choose one general applicability rule, we try to separate the test cases and solve MMSE test cases first. For advanced receiver test cases, we can leave them for further discussion.
In this contribution, we will present our solutions and simulation results.
2   Discussion
For the applicability rule, there are many options. However, each option has its advantages and disadvantages:
· Option 1: Connect 2 of the 4 Rx with data source from SS to perform 2Rx tests, depending on the UE’s declaration and AP configuration, keeping the same requirements as 2Rx tests.

· Option 2: Connect all 4 of the 4 Rx with data source from SS to perform 2Rx tests, keeping the same requirements as 2Rx tests.

· Option 3: Connect all 4 of the 4 Rx with data source from SS to perform 2Rx tests, with tighten requirement case by case.

· Option 4: For no interfering cell tests
· Pair two receiver antenna as one group and pair the other two as one group. 

· The signal is generated and passed through faders in the same way as that for the tests based on 2 receiver antennas. Afterwards, a signal is split, duplicated and input to two receiver antenna belonging to the same pair. 

· The 4 external noise signals with the level of NOC are statistically independent and input to 4 receiver antennas separately. pair two receiver antennas and connect the other 2 APs with the same inputs, i.e. AP 1 with the same input as AP 2 and AP 3 with the same input as AP4.

· Apply the 2Rx requirements with [XdB] lower SNR.

· Option 5: Test mode for any tests in 4Rx band
In the current specification, there are many kinds of test cases, including MMSE, MMSE-IRC, FeICIC, NAICS, SU-MIMO, CoMP, PDCCH-IC, PBCH and so on. With those test cases, it is very difficult to figure out one general applicability rule to perfectly fit each test case. So, we separate the test cases into several types and try to find a proper solution for each type.
Proposal 1: Divide the test cases into several types and treat them respectively.
2.1   MMSE receiver
For MMSE receiver, we proposed the option 4 in [1]. However, due to the channel estimation and other imperfections, the final requirements are difficult to decide. We cannot verify case by case, so it is very hard to find a unified value to tight the requirements. In [2], a new connection method was proposed with [X dB] attenuation with the same requirements. However, similar to it is very hard to find a unified X value. So we modify the scheme in [1] and try to find a satisfied solution for MMSE receiver.
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Figure 1 Antenna connection in [1]
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Figure 2 Modified antenna connection method
The modified antenna connection method is shown in Figure 2. Compared with antenna connection in [1], the location of Noc is changed. In [1], the Noc is added after the splitter, while for the modified antenna method, the Noc is added before the splitter. Therefore, for AP1 and AP3, the received signals are perfectly same. This results in a very good consequence that the channel estimation, noise estimation and all receiver estimations of AP3 is ideally same with AP1. We will show below that the demodulation performance of 4Rx MMSE receiver is same as 2Rx with this modified antenna connection method. Intuitively, since AP1 has totally the same received signal as AP3, AP2 has totally the same received signal as AP4, equal information is received for this 4Rx receiver compared with 2Rx receiver, so the performance should be same and requirements should be same. Some theoretical analyses are given below.
Received signal for 2Rx before decoding: N×2, L-layer transmission
Suppose the Tx number is N with L-layer transmission, the received signal of 2Rx UE is 
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where H is the frequency channel response, P is the precoding vector, x is the transmit signal and n is the complex Gaussian noise with zero mean and [image: image4.wmf]2

Rx

2

s

variance. We can rewrite it as

[image: image5.wmf]n

x

H

y

e

+

=


where [image: image6.wmf]HP

H

e

=

 is the effective channel. So the weight vector W is
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Where the weight vector is the function of frequency channel response and the noise power

The equalized signal is
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Where n2RX follow the complex Gaussian distribution, i.e., n2RX ~CN(0,[image: image9.wmf]2
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Received signal for 4Rx before decoding: N×4, L-layer transmission
For the 4Rx case, the channel response is
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so the received signal is
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The corresponding weight vector [image: image14.wmf]W
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Compared to the 2Rx receiver equalizer vector W, we can derive that
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So the signal for 4Rx UE after MMSE equalizer is denoted as
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Based on the distribution of n1 and n2, we can derive that the n2RX follow the complex Gaussian distribution, i.e., n2RX~CN(0, [image: image18.wmf]2
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Relation between the received signals for 2Rx and 4Rx before decoding: N×2 vs N×4, L-layer transmission
As shown above, the received signal for 2Rx be input to soft demodulator and decoder can be denoted as
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The received signal for 4Rx to be input to soft demodulator and decoder can be denoted as:
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It can be observed that if we let
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then the received signal for 4Rx has the same signal part as that for 2Rx and undergoes the AWGN noise with the same power level as that for 2Rx.

Given the same transmit signal level and under the test setup given in Figure 2, the received signal for 4Rx is the same as that for 2Rx on the condition that noise power level for 2Rx test is same as 4Rx from the decoding point of view.

So we have the following proposals for applying the 2Rx requirements to 4Rx UE:

· Proposal 2: We propose to consider the following test approach to apply 2Rx requirements including CA performance requirements, for which the MMSE receiver is assumed as reference receiver and only AWGN noise is added, to Type 2 4Rx UE:

· Pair two receiver antenna as one group and pair the other two as one group. 
· The signal is generated and passed through faders in the same way as that for the tests based on 2 receiver antennas. The 2 external noise signals with the level of NOC are statistically independent and input to 2 receiver antennas separately. Afterwards, a signal is split, duplicated and input to two receiver antenna belonging to the same pair. 
· Pair two receiver antennas and connect the other 2 APs with the same inputs, i.e. AP 1 with the same input as AP 2 and AP 3 with the same input as AP4.
Simulation results
We simulate some test cases which are not covered by the new 4Rx requirements, i.e. they will be covered by the applicability rules. The simulation results are presented in Figure 3. We can see the performance is nearly same for 2Rx and 4Rx receivers using the modified connection.
For the antenna connection proposed in [2], the simulation results are shown in Figure 4. We can see that for different test cases, it is not easy to find a unified value for X.
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Figure 3 Simulation results for modified antenna connection
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Figure 4 Simulation results for antenna connection proposed in [2]
2.2   FeICIC/MMSE-IRC/SU-MIMO
For those types of receiver, since there are some new WIs proposed, it is not necessary to define the inaccurate applicability rule now. Actually, improper applicability rule may have little test use for many test cases. 
Proposal 3: Do not define applicability rule for FeICIC/MMSE-IRC/SU-MIMO receiver since new WIs are proposed.
2.3   NAICS/CoMP/PDCCH-IC/PBCH
For those types of receiver, it is very difficult to define the applicability rule since the test cases are complex. More studies are needed to figure out a good solution on how to test these test cases. In the further release, when the corresponding requirements are defined, the requirements can be written back to the current release.
Proposal 4: Do not define applicability rule for NAICS/CoMP/PDCCH-IC/PBCH and the requirements can be written back in the further release.
3   Conclusions
In this contribution, we analyses the applicability rules and have following proposals:
Proposal 1: Divide the test cases into several types and treat them respectively.
· Proposal 2: We propose to consider the following test approach to apply 2Rx requirements including CA performance requirements, for which the MMSE receiver is assumed as reference receiver and only AWGN noise is added, to Type 2 4Rx UE:

· Pair two receiver antenna as one group and pair the other two as one group. 
· The signal is generated and passed through faders in the same way as that for the tests based on 2 receiver antennas. The 2 external noise signals with the level of NOC are statistically independent and input to 2 receiver antennas separately. Afterwards, a signal is split, duplicated and input to two receiver antenna belonging to the same pair. 
· Pair two receiver antennas and connect the other 2 APs with the same inputs, i.e. AP 1 with the same input as AP 2 and AP 3 with the same input as AP4.
Proposal 3: Do not define applicability rule for FeICIC/MMSE-IRC/SU-MIMO receiver since new WIs are proposed.
Proposal 4: Do not define applicability rule for NAICS/CoMP/PDCCH-IC/PBCH and the requirements can be written back in the further release.
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