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1 Introduction
The main purpose of the UE demodulation tests (FRC) is to verify the channel estimation using various sources of interference. In this contribution we propose a framework for dual-layer beam-forming and discuss some aspects considered in the preliminary framework presented in [1].  We end with a text proposal for including the requisite requirements into the Rel-9 specification. 

The addition of dual-layer beamforming for SU-MIMO represents a significant improvement for antenna systems supporting ≥ 4 antenna elements in certain user scenarios, and also enables MU-MIMO. The fall-back to the more robust single-layer is also possible. Further enhancements are considered for Rel-10 with up to 8 layers, so our case constitutes a subset of this. Hence for this Rel-9 enhancement we therefore keep an eye on the existing Rel-8 expecting further changes in Rel-10. 
2 Precoding and feedback
2.1 Single user
For SU-MIMO it is feasible to reuse the Rel-8 methodology, but with the requisite extension for the 2 x 2 case: 
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where W is one randomly chosen precoder in Table 6.3.4.2.3-1 in TS 36.211 (repeated below) according to the number of layers tested, and updated every SF in time and PRB in frequency just as for Rel-8. Hence the “antenna weights” (columns of W) are thus always orthogonal which should be sufficient to test the channel estimation performance for the two new DRS. 

Table 6.3.4.2.3-1: Codebook for transmission on antenna ports 
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	Codebook index
	Number of layers 
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We propose not to test any feedback mode for Rel-9 since a complete revision of the feedback mechanism will be done for the Rel-10 enhanced multi-antenna feature (Rel-9 could be a subset) that includes both SU-MIMO and MU-MIMO. Hence
· the transmission layers is fixed to one or two with the corresponding enabling of the code words
· no PMI/CQI feedback (FRC)
If PMI feedback based on the actual channel state would be used we must modify the precoding upgrade rate used for the beam-forming channel above since there is an associated reporting delay (the beamforming channel changes every SF and PRB which corresponds to a rate much higher than the Doppler frequency), and a discussion on the PMI offset to be used would be relevant.
For the dual-layer case it is proposed to use a MMSE reference receiver just as for Rel-8 dual-layer spatial multiplexing. A MRC could be used for rank one, but there is merit in using a MMSE also for this case as we shall discuss next. 

2.2 Multi-user
For the co-scheduled case it has been proposed to consider correlated beam-forming weights [1] to simulate the intra-cell interference experienced by the target user. However, there will always be some inter-stream coupling in our test scenario also when the orthogonal precoders from the standard codebook used. Figure 1 shows the mean rank for EPA5 as a function of SNR with low and medium correlation, and the precoder selection restricted to index {0,1} for rank one and index 1 for rank two transmission (Table 6.3.4.2.3-1 in TS 36.101). The results for the respective indices {2,3} and 2 are very similar, essentially the same curves. 
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Figure 1: the mean rank for low and medium correlation (EPA5).
It is therefore suggested to reuse the standard codebook also for the co-scheduled case.

To verify the interference suppression capability, MMSE can be used as a reference receiver also in the multi-user case, for the reference-signal sequence is cell specific so MMSE could be used to reduce the inter-stream interference as originally suggested in [2].  
It has also been proposed to consider non-zero power offset between the wanted and the interfering user [3], a distinguishing feature of MU-MIMO, to further verify the interference rejection capability. If the MMSE reference receiver is assumed also for rank one transmission, the interference rejection capability in the zero power offset case is the same as in the dual-layer SU-MIMO case. The intra-cell interference can also be changed by using a different channel correlation. Thus, from a testing perspective, an alternative way to check the interference rejection capability is to use a set of test cases with different correlation rather than changing the wanted-interferer power offset, and avoiding potential problems with the definition of the SNR. 
In fact, should the MMSE and the standard precoder codebook be chosen for the test, the above suggests that the MU-MIMO interference rejection capabilities can also be implicitly verified by the SU-MIMO dual layer case considering the streams separately. However, this does of course assume a certain choice of (orthogonal) beam-forming weights, and does not preclude further consideration of the intra-cell interference modelling.
3 FRC
For SU-MIMO rank-one transmission the idea is to reuse as much as possible from Rel-8. However, the test 11.4 for the 30% verification point does not add much, and the QPSK (needed for the low category) case can be changed to the EVA5 to reflect channel conditions further out in the cell. Table 1 shows these changes with regard to Rel-8. 

It is proposed to keep Doppler speed at 5 Hz which is the most relevant for beam forming that is always associated with some feedback delay (even if reciprocity is used).
Table 1: Minimum performance single layer (FRC)

	Test number
	Bandwidth and MCS 
	Reference Channel
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	[11.1]
	10 MHz
QPSK 1/3
	TBD
	EVA5
	1x2 Low
	70
	TBD
	1-5

	[11.2]
	10 MHz
16QAM 1/2
	TBD
	EPA5
	1x2 Low
	70
	TBD
	2-5

	[11.3]
	10 MHz
64QAM 3/4
	TBD
	EPA5
	1x2 Low
	70
	TBD
	2-5

	
	

	
	
	
	
	
	


For dual-layer we propose to verify the performance using both low and medium correlation as discussed in the previous sub-section, using the proposal in [1] repeated in Table 2 for convenience. 
Table 2: Minimum performance dual layer (FRC)
	Test number
	Bandwidth and MCS 
	Reference Channel
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	[1]
	10 MHz
QPSK 1/3
	TBD
	EVA5
	2x2 Medium
	70
	TBD
	1-5

	[2]
	10 MHz
16QAM 1/2
	TBD
	EPA5
	2x2 Low
	70
	TBD
	2-5


4 The Rel-9 specification

Next we propose an outline of sub-clauses introducing single- and dual-layer beam-forming into the Rel-9 specifications. Sub-clauses for more layers can then easily be appended in subsequent Rel-10 versions. The first part of the sub-clause on single-layer transmission retains the DRS test case as specified in Rel-8. Note that this sub-clause could also accommodate other beam-forming models for MU-MIMO based on other models than that included in Section B.4 if necessary. We have used the proposed FRC as an example below, but these can of course be changed easily. 
8.3
Demodulation of PDSCH (User-Specific Reference Symbols)

8.3.1
FDD
[TBD]
8.3.2
TDD
The parameters specified in Table 8.3.2-1 are valid for TDD unless otherwise stated. 
Table 8.3.2-1: Common Test Parameters for DRS
	Parameter
	Unit
	Value 

	Uplink downlink configuration (Note 1)
	
	1

	Special subframe configuration (Note 2)
	
	4

	Cyclic prefix
	
	Normal

	Cell ID
	
	0

	Inter-TTI Distance
	
	1

	Number of HARQ processes
	Processes
	7

	Maximum number of HARQ transmission
	
	4

	Redundancy version coding sequence
	
	{0,1,2,3} for QPSK and 16QAM

{0,0,1,2} for 64QAM

	Number of OFDM symbols for PDCCH
	OFDM symbols
	2

	Beamforming Model
	
	As specified in Section B.4

	Precoder update granularity
	
	Frequency domain: 1 PRB
Time domain: 1 ms

	ACK/NACK feedback mode
	
	Multiplexing

	Note 1:
as specified in Table 4.2-2 in [TS 36.211]

Note 2:
as specified in Table 4.2-1 in [TS 36.211]




8.3.2.1
Single-layer Spatial Multiplexing 
For transmission on antenna port 5, the requirements are specified in Table 8.3.2.1-2 , with the addition of the parameters in Table 8.3.2.1-1 and the downlink physical channel setup according to table [in Annex C.3.2]. The purpose is to verify the demodulation performance using user-specific reference signals with full RB or single RB allocation.
Table 8.3.2.1-1: Test Parameters for Testing DRS

	parameter
	Unit
	Test [11.1]
	Test [11.2]
	Test [11.3]
	Test [11.4]

	Downlink power allocation
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	dB
	0
	0
	0
	0
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	dB
	0 (Note 1)
	0 (Note 1)
	0 (Note 1)
	0 (Note 1)
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N

at antenna port
	dBm/15kHz
	-98
	-98
	-98
	-98

	Number of allocated resource blocks
	PRB
	50
	50
	50
	1 (Note 2)

	Note 1:
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Note 2:      Zeros shall be inserted for unused PRBs


Table 8.3.2.1-2: Minimum performance DRS (FRC)

	Test number
	Bandwidth and MCS 
	Reference Channel
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	[11.1]
	10 MHz
QPSK 1/3
	[R.25 TDD]
	EPA5
	1x2 Low
	70
	-0.8
	1-5

	[11.2]
	10 MHz
16QAM 1/2
	[R.26 TDD]
	EPA5
	1x2 Low
	70
	7.0
	2-5

	[11.3]
	10 MHz
64QAM 3/4
	[R.27 TDD]
	EPA5
	1x2 Low
	70
	17.0
	2-5

	[11.4]
	10 MHz

16QAM 1/2
	[R.28 TDD]
	EPA5
	1x2 Low
	30
	1.7
	1-5


For transmission on antenna ports 7 or 8, the requirements are specified in the requirements are specified in Table 8.3.2.1-4, with the addition of the parameters in Table 8.3.2-3 and the downlink physical channel setup according to table [in Annex C.3.2].
Table 8.3.2.1-3: Test Parameters for Testing DRS

	parameter
	Unit
	Test [11.1]
	Test [11.3]
	Test [11.4]

	Downlink power allocation
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	dB
	0
	0
	0
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	dB
	0 (Note 1)
	0 (Note 1)
	0 (Note 1)
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N

at antenna port
	dBm/15kHz
	-98
	-98
	-98

	Number of allocated resource blocks
	PRB
	50
	50
	1 (Note 2)

	Note 1:
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Note 2:      Zeros shall be inserted for unused PRBs


Table 8.3.2.1-4: Minimum performance for CDM-multiplexed DRS (FRC)
	Test number
	Bandwidth and MCS 
	Reference Channel
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	[11.1]
	10 MHz
QPSK 1/3
	TBD
	EVA5
	1x2 Low
	70
	TBD
	1-5

	[11.2]
	10 MHz
16QAM 1/2
	TBD
	EPA5
	1x2 Low
	70
	TBD
	2-5

	[11.3]
	10 MHz
64QAM 3/4
	TBD
	EPA5
	1x2 Low
	70
	TBD
	2-5


More on the propagation model and SU/MU-MIM if a different beam-forming model than standard B.4 in table 8.3.2-1 is used for MU-MIMO.
8.3.2.2
Dual-Layer Spatial Multiplexing
For dual-layer transmission on antenna ports 7 and 8, the requirements are specified in the requirements are specified in Table 8.3.2.2-1, with the addition of the parameters in Table 8.3.2.1-4 and the downlink physical channel setup according to table [in Annex C.3.2].

Table 8.3.2.2-1: Minimum performance for CDM-multiplexed DRS (FRC)

	Test number
	Bandwidth and MCS 
	Reference Channel
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	[1]
	10 MHz
QPSK 1/3
	TBD
	EVA5
	2x2 Medium
	70
	TBD
	1-5

	[2]
	10 MHz
16QAM 1/2
	TBD
	EPA5
	2x2 Low
	70
	TBD
	2-5


Then >2 layers for Rel-10 specs in following sub-clauses.
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