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1   Background
A new SI on LTE DL 8Rx antenna ports [1] was approved in RAN#76. The objectives are listed in the following. In this contribution, the overview of the SI related to the UE demodulation will be provided in the next section. 
1.1.1   4.1
Objective of SI or Core part WI or Testing part WI

The study item has the following objectives for evaluation of performance for downlink 8Rx antennas:

· Evaluation of PDSCH demodulation performance with 8Rx for the transmission with rank lower than or equal to 4 

· Identify the scenarios for the evaluations

· Identify the necessary parameters including MCS, rank (≤4), antenna configuration and MIMO channel correlation, and propagation conditions

· Minimize the evaluation case numbers as much as possible

· Run link level simulations, and compare 8Rx performance with 4Rx under the identified scenarios to investigate the performance gain
· Use MMSE-IRC as the reference receiver

· Evaluation of PDSCH demodulation performance with 8Rx for the transmissions with rank higher than 4 

· Identify the scenarios for the evaluations 

· Identify the necessary parameters including MCS, rank (>4), antenna configuration and MIMO channel correlation, and propagation conditions

· Minimize the evaluation case numbers as much as possible

· Run link level simulations, and investigate the operating SNR for higher layer transmission
· Use MMSE-IRC as the reference receiver

· Evaluation of PCFICH/PDCCH demodulation performance with 8Rx

· Identify the scenarios for the evaluations

· Identify the necessary parameters including CCE levels, antenna configuration and MIMO channel correlation, and propagation conditions

· Minimize the evaluation case numbers as much as possible

· Run link level simulations, and compare 8Rx performance with 4Rx performance under the identified scenarios to investigate the performance gain
· Use MMSE as the reference receiver

· Based on the above evaluation results, identify the UE RF, RRM and UE performance requirements, which will be specified.

· Identify the scope and objectives of UE RF requirements for 8Rx

· Decide the supported LTE bands for 8Rx

· Identify the scope and objectives of RRM core requirements for 8Rx
· Identify the scope and objectives of RRM performance requirements for 8Rx
· Identify the scope and objectives of UE performance requirements for 8Rx
· UE demodulation requirements

· CSI requirements
2   Discussion

2.1   MIMO Channel correlation and antenna configuration
In the existing spec TS36.101, the modelling of static propagation conditions are specified for 2Rx and 4Rx. It is essential to define static propagation condition for 8Rx performance evaluation.
With respect to the propagation channel, the existing fading channel, such as EPA, EVA, ETU, could be reused as 4Rx requirements. 

Proposal 1: Define static propagation condition for 8Rx antenna ports.
With respect the static channel matrix, to keep the good orthogonally among multi-layers, firstly, the channel matrix should have the full rank characteristics; secondly, the channel matrix is expected to be Unitary Matrix, which makes the MMSE receiver weight matrix G equal to unit matrix and eliminate the impact of propagation condition to demodulation performance. In the existing TS36.101 Spec, both 2x2 and 4x4 static propagation channel model are Unitary Matrix. It is noted that the matrix satisfying above two characteristics is not unique.
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There are two methods of deriving the 8x8 static propagation channel, including 

· Selecting the precoding matrix as 8x8 static propagation channel;
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· Following the deriving principle of 1Tx to 8Tx static propagation channel and 2Rx to 4Rx static propagation channel.

Based on the existing static propagation channel, it can be observed that

· The principle of expanding from 1Tx to 8Tx is 
From 1Tx to 2Tx, a new column is added to 1Tx static propagation channel, i.e. 
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From 2Tx/4Tx to 8Tx, a duplicate column is added following the source column,

2Rx: 
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4Rx: 
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· The principle of expanding from 2Rx to 8Rx is

From 2Rx to 4Rx and 8Rx, the duplicate lines are added behind the source lines,
1Tx: 
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2Tx: 
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4Tx: 
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Specially, the 4x4 matrix is derived from 2x2 matrix to satisfy full rank. Every couple of same colour rectangular making up the same matrix as 2x2 matrix, except the couple of orange rectangular which is the opposite of 2x2 matrix. So based on this principle, the 8x8 matrix should be,
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Proposal 2: Define the following H matrix as 8Rx static channel matrix.
1Tx: 
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2Tx: 
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4Tx: 
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8Tx: 
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2.2   MIMO channel correlation

MIMO channel correlation character are specified only for 2Rx and 4Rx. It is essential to define 8x8 MIMO correlation matrix for 8Rx performance evaluation.

Based on the exponential decaying assumption, the spatial correlation of the 
[image: image27.wmf]th
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where
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 is the antenna spatial separation, 
[image: image31.wmf]a

 is a reference correlation at the antenna spatial separation of 
[image: image32.wmf]D

.

Based on the equation (2), the following eNodeB correlation matrix and UE correlation matrix are proposed.

Proposal 3: Define 
[image: image33.wmf]eNB
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 and 
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 as the eNodeB and UE MIMO correlation matrix. 
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Refer to the test case for 4Rx in 36.101, to achieve enhanced peak throughput, low MIMO channel correlation was assumed for 4Rx 3/4 layer test case.  From this point of view, it is reasonable to assume low MIMO channel correlation while evaluation 8Rx demodulation performance. However, if occupying the same chip area is assumed, 8Rx separation between the antennas would be smaller than 2Rx/4Rx which will increase the correlation between antennas. So from the other point of view, the evaluation of medium MIMO channel correlation is also needed.
Proposal 4: Evaluation the 8Rx performance with low/medium MIMO channel correlation.

For the parameters of low/medium MIMO channel correlation, reusing the existing parameters for low/medium A as in Table 1 is proposed.

Proposal 5: Reusing the existing parameters for low/medium A in table 1 while evaluation the 8Rx performance
Table 1: The  and  parameters for ULA MIMO correlation matrices

	Correlation Model
	(
	(

	Low correlation
	0
	0

	Medium Correlation A
	0.3
	0.3874


2.3   Tx EVM for UE demodulation evaluation
During the Rel-12 small cell enhancement WI, to achieve higher SNR to achieve the higher throughput, the EVM value was assumed 3% while define test case with 256QAM.

While defining SDR test for 4Rx, the test cases with 64QAM and 256 QAM were introduced based on assumptions  EVM=6% and  EVM=3% respectively.

Considering the work point of PDSCH with more than 4 layer with 64QAM/256QAM would be higher than the exiting test case, EVM=3% and EVM=6% for 8Rx with 64QAM and EVM=3% for 8Rx with 256QAM is proposed.
Proposal 6: Evaluation the 8Rx SDR performance with the assumption EVM=3% and EVM=6% for 64QAM and EVM=3% for 256QAM. 
2.4   Evaluation cases
For rank≤4 PDSCH performance, the substantial performance gain can be expected with 8Rx compared to 2Rx/4Rx introduced by increased diversity combining gain at UE receiver. As comprehensive test cases have been introduced for 2Rx/4Rx with various transmission modes (TM), rank, MCS, antenna configuration, propagation channel and interference conditions, it would to desirable to select subset of existing 4 Rx test case to verify improved demodulation performance with 8 Rx.
For the rank>4 PDSCH, only DMRS based transmission mode with ports 7-14 can support. TM9 is proposed for rank>4 evaluation case.
For the purpose of evaluation case alignment, we provide an initial list of evaluation cases with 8Rx.

Table 2 list of evaluation cases

	tests cases
	Transmit antenna number
	Set up 

	CCH
PCFICH/PDCCH
	1Tx
	10MHz, 1x4 Low, ETU70, 8 CCE (section 8.10.2.1.1)

	
	
	10MHz, 1x8 Low, ETU70, 8 CCE (section 8.10.2.1.1)

	
	2Tx
	10MHz, 2x4 Low, EVA70, 4 CCE (section 8.10.2.1.2)

	
	
	10MHz, 2x8 Low, EVA70, 4 CCE (section 8.10.2.1.2)

	
	4Tx
	10MHz, 4x4 Low, EPA70, 2 CCE (section 8.10.2.1.3)

	
	
	10MHz, 4x8 Low, EPA70, 2 CCE (section 8.10.2.1.3)

	PDSCH

[image: image37.wmf]4
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	TM3
	2Tx
	10MHz, 2x4 low, EVA70, rank2 (in section 8.10.1.1.2)

	
	
	
	10MHz, 2x8 low, EVA70, rank2 (in section 8.10.1.1.2)

	
	TM4
	4Tx
	10MHz,4x4 low, EPA5, rank4 (in section 8.10.1.1.8)

	
	
	
	10MHz,4x8 low, EPA5, rank4 (in section 8.10.1.1.8)

	PDSCH
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	TM9
	8Tx
	10MHz, 8x8 low, EPA5,rank5

	
	
	
	10MHz, 8x8 low, EPA5,rank6

	
	
	
	10MHz, 8x8 low, EPA5,rank7

	
	
	
	10MHz, 8x8 low, EPA5,rank8


Proposal 7: RAN4 take the list of evaluation cases in table 2 into consideration.
3   Conclusion
In this contribution, the overview of the SI related to the UE demodulation was provided. The proposals are:
Proposal 1: Define static propagation condition and MIMO correlation matrix for 8Rx antenna ports. 
Proposal 2: Define the following H matrix as 8Rx static channel matrix.
1Tx: 
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2Tx: 
[image: image40.wmf]ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ë

é

-

-

-

-

=

j

j

j

j

j

j

j

j

1

1

1

1

1

1

1

1

H


4Tx: 
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8Tx: 
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Proposal 3: Define 
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 as the eNodeB and UE MIMO correlation matrix. 
Proposal 4: Evaluation the 8Rx performance with low/medium MIMO channel correlation.

Proposal 5: Reusing the existing parameters for low/medium A in table 1 while evaluation the 8Rx performance
Table 1: The  and  parameters for ULA MIMO correlation matrices

	Correlation Model
	(
	(

	Low correlation
	0
	0

	Medium Correlation A
	0.3
	0.3874


Proposal 6: Evaluation the 8Rx SDR performance with the assumption EVM=3% and EVM=6% for 64QAM and EVM=3% for 256QAM. 
Proposal 7: RAN4 take the list of evaluation cases in table 2 into consideration.
Table 2 list of evaluation cases

	tests cases
	Transmit antenna number
	Set up 

	CCH
PCFICH/PDCCH
	1Tx
	10MHz, 1x4 Low, ETU70, 8 CCE (section 8.10.2.1.1)

	
	
	10MHz, 1x8 Low, ETU70, 8 CCE (section 8.10.2.1.1)

	
	2Tx
	10MHz, 2x4 Low, EVA70, 4 CCE (section 8.10.2.1.2)

	
	
	10MHz, 2x8 Low, EVA70, 4 CCE (section 8.10.2.1.2)

	
	4Tx
	10MHz, 4x4 Low, EPA70, 2 CCE (section 8.10.2.1.3)

	
	
	10MHz, 4x8 Low, EPA70, 2 CCE (section 8.10.2.1.3)

	PDSCH
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	TM3
	2Tx
	10MHz, 2x4 low, EVA70, rank2 (in section 8.10.1.1.2)

	
	
	
	10MHz, 2x8 low, EVA70, rank2 (in section 8.10.1.1.2)

	
	TM4
	4Tx
	10MHz,4x4 low, EPA5, rank4 (in section 8.10.1.1.8)

	
	
	
	10MHz,4x8 low, EPA5, rank4 (in section 8.10.1.1.8)

	PDSCH
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	TM9
	8Tx
	10MHz, 8x8 low, EPA5,rank5

	
	
	
	10MHz, 8x8 low, EPA5,rank6

	
	
	
	10MHz, 8x8 low, EPA5,rank7

	
	
	
	10MHz, 8x8 low, EPA5,rank8
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