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1   Introduction

In the RAN4 #77 and RAN4#78 meeting, some consensuses about test applicability and antenna connection for 2Rx tests were reached in [1] and [2]:

Definition of type of UE
•
Type 1: UE only support 2Rx in certain bands and support 4Rx in the other bands

•
Type 2: UE support 4Rx in all the bands.

All 2RX tests can be tested for Type 1 UE on a 2RX band. AP connection follows 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.
· Type 1 UE for single carrier tests

· UE demodulation / CSI tests

· 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.

In this contribution, we will further analyze the applicability rules.
2   Discussion
Since agreements have been achieved on type 1 UE, the main efforts will focus on type 2 UE. 
For type 2 UE, they may always utilize 4Rx on all the supporting bands and the baseband algorithm would be optimized to support 4Rx receiving. After analysis, we think that only connecting two Rx, and leaving the rest two Rx unconnected or inputting “zero” to them for the test would be undesirable from UE performance aspects. Firstly, what is “zero” and how can we ensure the zero input on both reference signals and data to the baseband processor from the unconnected Rx? Whether it is “zero” input would depend on UE implementation. Secondly, such kind of test method may mandate the fallback operation from 4Rx to 2Rx, which may increase the cost of UE implementation while could not bring in the significant gain in the practical network where all the signals at four Rx antenna connector would be noticeable. Instead, we can connect the other two APs with same inputs, which will lead to a better solution.

2.1   Apply 2Rx requirements with MMSE receiver
The existing demodulation performance requirements are based on different reference receiver assumptions, including MMSE receiver, MMSE-IRC (Type-A) receiver, NAICS receiver (Type-B), SU-MIMO advanced receiver (Type-C) and receiver with capability to cancel CRS interference (FeICIC CRS-IC/CRS-IM receiver).

In our view, for the requirements with MMSE receiver as reference receiver, the alternative approach rather than two discussed in the previous meetings could be considered. The basic idea and the detail connection for the test are shown in Figure 1, and the analysis will be provided below.

When 2Rx UE are under testing, only AP1 and AP2 are connected. When 4Rx UE are under testing, AP3 and AP4 are connected. AP3/AP4 has the same transmit signal and channel as AP1/AP2 except for the Gaussian noise as shown in the figure in green line.

In the following analysis, we assume that the total signal energy per RE is one, i.e., ES=1. 
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Figure 1 Test connection of 2Rx and 4Rx UE

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: image3.wmf]2
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[image: image4.wmf]n

x

H

y

e

+

=


where [image: image5.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: image8.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 1, the received signal for 4Rx is the same as that for 2Rx on the condition that noise power level for 2Rx test is half of that for 4Rx from the decoding point of view.

But the above statement is true assuming the ideal channel estimation. In practice, there would be a difference between the channel estimation performance under noise level of [image: image22.wmf]2
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(for 4Rx) and under noise level of [image: image23.wmf]2
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(for 2Rx). However, under the operating SNR for the existing demodulation performance requirements, the marginal difference could be expected.

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

· Proposal 1: 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. 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.

2.2   Simulation results

In this part, the evaluation results are presented to determine the exact SNR requirements for 4Rx test cases. Simulation parameters are listed in Table 1. From Figure 1, 2 and 3 we can see that with the proposed connection, the difference between 2Rx performance and 4Rx performance varies from 1.5dB~3dB. The reason of the varying is the non-ideal channel estimation. When 4Rx channels are added twice noise variance, the channel estimation will be worse than 2Rx. When SNR is high so the channel estimation is accurate enough, the performance difference is about 3dB. In order not to put too strict requirements on 4Rx, 1.5dB can be considered a choice.
Proposal 2: Consider the 2Rx requirements with 1.5 lower SNR for 4Rx in Proposal 1.
Table 1 Simulation parameters
	Parameter
	Unit
	Test 1
	Test 2
	Test 3

	PDSCH Transmission mode
	
	2
	3
	4

	Channel bandwidth
	MHz
	10
	10
	10

	Allocated resource blocks (Note 4)
	
	50
	50
	50

	Allocated subframes per Radio Frame
	
	9
	9
	9

	Modulation
	
	16QAM
	16QAM
	16QAM

	Target Coding Rate
	
	1/2
	1/2
	1/2

	Information Bit Payload (Note 4)
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	12960
	12960
	18336

	  For Sub-Frame 5
	Bits
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	12960
	12960
	18336

	Number of Code Blocks 
(Notes 3 and 4)
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	3
	3
	3

	  For Sub-Frame 5
	Bits
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	3
	3
	3

	Binary Channel Bits (Note 4)
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	26400
	26400
	34464

	  For Sub-Frame 5
	Bits
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	24768
	24768
	36096
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Figure 1 Throughput for test 1
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Figure 2 Throughput for test 2
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Figure 3 Throughput for test 3
2.3   2Rx requirements with the advanced receiver
In RAN4, there are demodulation performance requirements specified with explicit interference modelling and MMSE receiver as the reference receiver, e.g., some CoMP demodulation performance requirements.

For those requirements, the relation between performance of 2Rx and 4Rx shown by equation (1) and (2) can not be held due to the explicit interference. But for those cases, we can still reuse the existing 2Rx demodulation performance requirements with the modification of antenna configurations from N×2 to N×4 and keeping the same correlation level to verify the functionality of 4Rx UE, although the performance requirements would be relaxed.

Considering the limit time in Rel-13, we have the following proposals for this group of tests:

· Proposal 3: We propose to consider the following test approach to apply 2Rx requirements, for which the MMSE receiver is assumed as reference receiver and the explicit interferences except for AWGN noise is added, to Type 2 4Rx UE:

· Change the 1x2, 2x2, 4x2 antenna configurations to 1x4, 2x4 or 4x4 respectively, keep the correlation level the same. 

· Apply the same requirements. 
Except for MMSE receiver, a lot of demodulation performance requirements are specified assuming MMSE-IRC (Type-A) receiver, NAICS receiver (Type-B), SU-MIMO advanced receiver (Type-C), or receiver with capability to cancel CRS interference (FeICIC CRS-IC/CRS-IM receiver).

For Type-A receiver, the dedicated demodulation performance requirements with 4Rx are introduced. So there is no problem to verify 4Rx MMSE-IRC receiver.

To support the other advanced receivers, the new algorithm should be designed for 4Rx and the complexity will increase non-linearly with the receiver antenna numbers. In that sense, 4Rx+Type-B receiver, 4Rx+CRS-IC or 4Rx+Type-C receiver are quite like a new feature instead of the baseline performance requirements. So we propose not to specify the new demodulation performance requirements for 4Rx+Type-B receiver, 4Rx+CRS-IC or 4Rx+Type-C receiver in Rel-13.

· Proposal 4: For Type 2 4Rx UE, no demodulation performance requirements will be specified for 4Rx+Type-B receiver, 4Rx+CRS-IC or 4Rx+Type-C receiver in Rel-13. 
We suggest to consider approving the new WI in Rel-14 for 4Rx+advanced receiver.
3   Conclusion

In summary, regarding the test applicability and antenna connection issues, we have the following proposals:

· Proposal 1: 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. 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.

· Proposal 2: Consider the 2Rx requirements with 1.5 lower SNR for 4Rx in Proposal 1.
· Proposal 3: We propose to consider the following test approach to apply 2Rx requirements, for which the MMSE receiver is assumed as reference receiver and the explicit interferences except for AWGN noise is added, to Type 2 4Rx UE:

· Change the 1x2, 2x2, 4x2 antenna configurations to 1x4, 2x4 or 4x4 respectively, keep the correlation level the same. 

· Apply the same requirements. 
· Proposal 4: For Type 2 4Rx UE, no demodulation performance requirements will be specified for 4Rx+Type-B receiver, 4Rx+CRS-IC or 4Rx+Type-C receiver in Rel-13.
We suggest to consider approving the new WI in Rel-14 for 4Rx+advanced receiver.
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