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1 Introduction

The definition of the performance requirements for HS-PDSCH is progressing. In order to complete the work item CQI performance should be defined as well. 
The difference between legacy MIMO and four branch MIMO is that in legacy MIMO the rank was implicitly reported via the CQI as follows:
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Under 4 branches MIMO the rank is explicitly reported. For 4x4 MIMO there is the need to verify additionally the correct rank reporting.
2 CQI
The three aspects that need to be tested for CQI are
1) The bias i.e the reported CQI corresponds to 10% BLER.

2) The spread of the CQI. 

3) That the CQI reports are up to date and not delayed or filtered excessively. 
For legacy MIMO the CQI requirements are defined for 

· MIMO single stream with fading conditions: where the channel is forced to be rank 1. The PCI is also reported, the CQI and BLER is collected only when single transport block CQI (type A or type B) is reported together with PCI matching the precoder used in the transmitter.

· MIMO dual stream with fading conditions: where the channel is forced to be rank 2. The PCI is also reported, the CQI and BLER is collected only when dual transport block CQI is reported together with PCI matching the precoder used in the transmitter.

· MIMO dual stream static orthogonal conditions. The channel is static and orthogonal (rank 2 channel). 
· MIMO with single stream restriction only in fading conditions: this test is similar to the previous single stream MIMO test but applicable for UE reporting the MIMO single stream capability only.

The fading test has been introduced in order to verify the spread of the CQI and that the reported CQI are not excessively filtered, while the static test is used to test the bias, i.e. to make sure that the reported CQI corresponds to 10% BLER.

Proposal 1.
In order to limit the amount of tests for 4X4MIMO we propose the following:
· Introduce a four streams CQI test with static conditions (for this test a 4X4MIMO capable receiver is assumed).
· Discuss further whether it is necessary to introduce a four streams CQI test with fading conditions.
· Introduce a 4X4 MIMO CQI test with dual stream restriction only with fading conditions (for this test a type 3 receiver is assumed). 

Proposal 2. Additionally we propose to jointly test the rank indicator reporting.

It should be noted that even if 4 streams are transmitted only 2 codewords are generated, and hence only 2 CQIs and only 2 ACK/NACK are transmitted in uplink. 2 transport blocks of equal size are used for each codeword. 
CQI is computed based on the minimum of the SINR.i.e link adaptation is based on the minimum of the SINR of the two transport block which are having the same HARQ-id. 

Four Branch MIMO with four streams transmission with static orthogonal conditions

The requirement should be based on Type A based reporting. The propagation conditions can be extended from those in annex B.2.6.3 in 25.101 as mentioned in the following
For MIMO four branches, the propagation channel is generated by the following 4X4 Hadamard matrix
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The precoding used at the transmitter is one randomly picked but fixed precoding matrix for four transport blocks transmission out of the set of possible precoding matrices defined for four branch MIMO (Householder based precoding). 

The reported per codeword CQI value (CQI1 and CQI2) shall be in the range CQI1 ([CQIM,1-2, CQIM,1+2] and CQI2 ([CQIM,2-2, CQIM,2+2]  more than 90% of the time, where CQIM,1 and CQIM,2 are the codeword specific median CQI. For each codeword the BLER should satisfy the same legacy conditions.

Additionally the amount of RI reporting =4 shall be bigger than a certain threshold. 
Simulation results are needed to define appropriate thresholds/requirements.
Four Branch MIMO with dual stream restriction only in fading conditions

For this case the same channel model as for legacy MIMO can be considered with the following modifications:
Table B.5

	4X4 MIMO Dual Stream Conditions, 

Speed for Band I, II, III, IV, IX, X and XXV: 3km/h
Speed for Band V, VI, VIII, XIX, XX and XXVI: 7.1km/h

Speed for Band VII: 2.3km/h 

Speed for Band XI, XXI: 4.1km/h

Speed for Band XII, XIII and XIV: 8 km/h

Speed for Band XXII: 1.7 km/h

	Relative Delay [ns]
	Relative Mean Power [dB]
	(Amplitude, phase) symbols

	0
	0
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The channel coefficients of the resulting propagation channel under 4X4 MIMO dual stream conditions shall be given by
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Where WH is a 2x4 matrix in this case. The same conditions for the test set up and for the verification of the legacy test are applicable here.

The amount of RI reporting =2 shall be bigger than a certain threshold. 

In case a fading test is also needed for 4X4 MIMO with four branches the following section suggest a methodology.

Four Branch MIMO with four streams transmission with fading conditions
For MIMO four branches, the propagation channel is generated by considering 4 independent fading processes and a matrix W among the rank 4 matrix defined in the codebook. 

The two fading processes shall be generated according to the parameters in Table B.5

Table B.5

	MIMO Dual Stream Conditions, 

Speed for Band I, II, III, IV, IX, X and XXV: 3km/h
Speed for Band V, VI, VIII, XIX, XX and XXVI: 7.1km/h

Speed for Band VII: 2.3km/h 

Speed for Band XI, XXI: 4.1km/h

Speed for Band XII, XIII and XIV: 8 km/h

Speed for Band XXII: 1.7 km/h

	Relative Delay [ns]
	Relative Mean Power [dB]
	(Amplitude, phase) symbols

	0
	0
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It can be noticed that it is not possible to extrapolate the structure of the 2X2 constant modulus matrix used for legacy MIMO to 4X4 MIMO. In order to find a constant modulus orthonormal matrix we use the Householder generating function with generating vector 
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. The channel coefficients of the resulting propagation channnel under MIMO four stream conditions shall be given by
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The precoding used at the transmitter is one randomly picked but fixed precoding matrix for four transport blocks transmission out of the set of possible precoding matrices defined for four branch MIMO. As for the legacy case the same precoding matrix is used to generate the resulting channel coefficients.
The reporting accuracy of CQI under MIMO four stream conditions is determined by the BLER performance associated to the two codewords when using the transport formats (equal for the TBs corresponding to a codeword) indicated by the respective specific reported CQI median over all dual CQI reports and RI = 4 together with PCI reports matching the precoding matrix W used for the definition of the channel.
Additionally the amount of RI reporting =4 shall be bigger than a certain threshold. 

Simulation results are needed to define appropriate thresholds/requirements.
3 Conclusions

In this paper an initial overview and proposal for the definition of the CSi performance requirements for 4X4MIMO is provided.
The following is proposed:

Proposal 1.

In order to limit the amount of tests for 4X4MIMO we propose the following:

· Introduce a four streams CQI test with static conditions (for this test a 4X4MIMO capable receiver is assumed).

· Discuss further whether it is necessary to introduce a four streams CQI test with fading conditions.
· Introduce a 4X4 MIMO CQI test with dual stream restriction only with fading conditions (for this test a type 3 receiver is assumed). 

Proposal 2. Additionally we propose to jointly test the rank indicator reporting.
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