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1
Introduction
The following agreements [1] were reached during RAN4#59 related to PMI testing for eDL-MIMO:
· Reuse Release 8 test scenario, methodology and test metric for 4Tx.
· Single PMI (FDD): 4x2

· Multiple PMI (FDD): 4x2

· Single PMI (TDD): 8x2

· Multiple PMI (TDD): 8x2

· Channel model and spatial correlation for PMI tests is to be investigated by simulation until the next meeting.

· Single PMI: PUSCH 3-1

· Multiple PMI: PUSCH 1-2

· In the framework documents, Pc = -3dB to be further checked.
This contribution focuses on the choice of channel model and spatial correlation for PMI tests. Preliminary simulation results without impairments and implementation margins are provided. We also discuss PMI test methodology for 8x2 where one may need to deviate from the Rel-8 one because of the specificities of the 8-Tx dual-codebook.
2
Agreed PMI test framework for eDL-MIMO
The current agreements on PMI testing for eDL-MIMO are found in [1]

 REF _Ref294521432 \r \h 
[2] and the overall framework is sketched in Table 1 below. Similarly to Rel-8/9, PMI testing for eDL-MIMO will consist of two main classes of tests: single- and multiple-PMI. In the following we discuss test methodologies and choice of spatial correlation parameters for each of these in 4x2 and 8x2 cases.
Table 1: Currently agreed PMI test framework for eDL-MIMO
	Test mode
	Antenna configuration (Tx x Rx)
	Antenna correlation
	Channel Model
	Feedback mode

	Single-PMI (FDD)
	4 x 2
	ULA [Low]
	[EVA5]
	PUSCH 3-1

	Multiple-PMI (FDD)
	
	ULA [Low]
	
	PUSCH 1-2

	Single-PMI (TDD)
	8 x 2
	XP [Low or High]
	[EVA5]
	PUSCH 3-1

	Multiple-PMI (TDD)
	
	XP [Low or High]
	
	PUSCH 1-2


3
Testing PMI accuracy for 4-TX
Rank-1 PMI testing for eDL-MIMO over 4-Tx (FDD) may build to large extent on top of the Rel-8/9 framework, as agreed during RAN1#59 [1]. We investigate in simulation the tentative choices of channel model and spatial correlation parameters in [1]. Simulation assumptions are in accordance with the agreed ones [2] (also appended in Annex). Results are shown in Figure 1 & Figure 2 for single-PMI and Figure 3 & Figure 4 for multiple PMI. Based on these results, we observe that:
· Good throughput gain over wide SNR range is observed for UE-selected PMI wrt. random PMI (Figure 1 & Figure 3).  
· Low spatial correlation ensures variability and close-to-uniform distribution of reported PMI(s) (Figure 2 & Figure 4).
Hence these observations confirm the analysis in [3] and we conclude that spatial correlation modeling can reuse uniform linear array (ULA) antenna setup with low correlation (corresponds to fully uncorrelated case) similarly to Rel-8/9 tests, primarily because the Rel-10 codebook for 4-Tx is the same as in Rel-8 and consists of a single codebook. 
Proposal 1:
For 4-Tx PMI tests, confirm the choice of EVA5 channel model and low spatial correlation.
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Figure 1: Throughput – 4x2 single-PMI (FDD) 
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Figure 2: 4x2 single-PMI statistics at SNR=-3.0 dB
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Figure 3: Throughput – 4x2 multiple-PMI (FDD)
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Figure 4: 4x2 multiple-PMI statistics at SNR=+4.5 dB


4
Testing PMI accuracy for 8-TX
It is desirable to design 8-Tx PMI tests following as much as possible the existing Rel-8/9 framework. The major difference is that 8-Tx eDL-MIMO operates along a double-codebook for PMI feedback whereas 2-Tx and 4-Tx make use of corresponding Rel-8/9 single codebooks. This specificity of 8-Tx PMI feedback may require special treatment compared to 2-Tx and 4-Tx, especially in relation to the choice of spatial correlation parameters. To our view, a good test framework for the 8-Tx PMI should aim at:
· Verifying proper PMI selection at the UE to ensure that each of the two PMI components (W1 and W2) delivers its respective share of the overall precoding gain. 
· Testing each PMI component in a meaningful way, i.e., for what they have been originally designed for: 
· W1 precoder describes long-term wideband channel properties;
· W2 precoder represents short-term frequency selective channel components.
We investigate the impact of spatial correlation parameters to single- and multiple-PMI testing through link-level simulations assuming EVA5 channel model. We assume an 8x2 configuration with cross-polarized (XP) antennas and correlation matrices according to the agreement in [5]: low correlation is parametrized by =0, =0 while for high spatial correlation =0.9, =0.3. We investigated throughput performance and PMI statistics in the following cases:

· Follow-PMI: Applied precoder follows UE recommendation for both W1 and W2 (jointly indexed by i1 and i2).
· Selected W1, random W2: Applied precoder follows UE recommendation for W1, but W2 is selected randomly.
· Random W1, selected W2: In this cases, W1 is chosen randomly, but W2 is selected conditioned on W1.
· Fixed W1, selected W2: The wideband precoder W1 is fixed (index i1=15) and W2 follows UE recommendation. This corresponds to a beam along the broadside direction of the array (i.e. 0 deg. azimuth angle).
· Random PMI: For each TTI, the wideband precoder W1 is randomly selected (random index i1) together with random precoders W2 (random index i2) forming the precoder for each sub-band W=W1 x W2. 
Low spatial correlation 
Results for single-PMI are shown in Figure 5 and Figure 6 and the ones for multiple PMI are provided in Figure 7 and Figure 8. By inspecting throughput curves for single- PMI (resp. multiple-PMI), we observe that the curve ‘random W1, selected W2’ provides already significant throughput gain vs. random PMI and it is also less than 1.5 dB (resp. 1 dB) away from the one for follow PMI. In other words this means that here is not much precoding gain to be expected from W1 in spatially uncorrelated channels, as already observed in [4]. This is because the codebook for W1 is optimized for high spatial correlation and under low correlation most of the precoding gain comes from W2 selection (see illustration in Figure 5 in comparison to Figure 9). This leads to the following short-comings:

· From test perspective, the latter risks failing one of its purposes, i.e. to identify potential improper selection of W1 precoder because of the lack of significant precoding gain for a properly selected W1 component. For instance, a UE with proper W2 selection only may pass such test. 
· Low correlation is not meaningful scenario for testing the W1 component of the 8-Tx PMI, because W1 targets wideband channel properties inherent to high spatial correlation for which it is optimized by design.
· Another drawback is that lowly correlated channels typically incur higher PMI selection complexity to extract precoding gains. One should keep that aspect in mind given the size of the overall PMI space (4-bit for W1, 4-bit for W2). Exhaustive searching should not be mandated by the test and highly correlated scenarios are known to allow better separability of W1 and W2 selection due to the structure of the 8-Tx codebook itself.
Observation 1: 
For 8-Tx PMI, under low correlation one may not identify improper selection of W1 because of the lack of significant precoding gain for a properly selected W1 component.
Thus we conclude that high spatial correlation is desirable for 8-Tx single- and multiple-PMI tests since the 8-Tx double codebook is optimized for this scenario and its primary purpose is to enable MU-MIMO deployments in the field based on a grid-of-beams. Verifying W1 selection is hence crucial to guarantee MU-MIMO gains in the future.
Proposal 2: 

For 8-Tx single- and multiple-PMI tests, select EVA5 channel model and high spatial correlation.
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Figure 5: Throughput – 8x2 single-PMI (TDD), low correlation
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Figure 6: 8x2 single-PMI statistics at SNR=-3.0 dB, low correlation
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Figure 7: Throughput – 8x2 multiple-PMI (TDD), low correlation
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Figure 8: 8x2 multiple-PMI statistics at SNR=+4.5 dB, low correlation


High spatial correlation with currently agreed real-valued correlation modeling
Let us first inspect results for high spatial correlation according to the currently agreed model [5]. Single-PMI performance is shown in Figure 9 & Figure 10 and the one for multiple PMI is provided in Figure 11 & Figure 12. We observe that:
· Random precoding performs poorly (as observed in [4]): under high spatial correlation and random PMI selection, the main beam formed by W1 points to a random direction and not towards the UE, hence missing the signal-space of the channel (or equivalently hitting the null-space). There is thus good throughput gain to be expected when correctly selecting the W1 precoder at the UE.
· The throughput curves for follow-PMI and fixed W1 overlap, although one would expect large share of precoding gain through W1 under high correlation: PMI statistics show that the same W1 PMIs are mostly selected in both cases, which effect can also be spotted from the results in [6]. The explanation lies behind the agreed real-valued correlation model yielding a principal channel direction along the broadside of the antenna array: follow-PMI always corresponds to that “front beam”, which happens to be the one chosen for fixed PMI. 
· From testing perspective, high spatial correlation with current real-valued correlation modelling will not allow differentiating proper W1 selection from an implementation with a fixed choice of W1.
Observation 2: 
For 8-Tx PMI, high spatial correlation with current real-valued correlation modelling will not allow differentiating proper W1 selection from an implementation with a fixed choice of W1.
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Figure 9: Throughput – 8x2 single-PMI (TDD), high spatial correlation (current real-valued modeling)
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Figure 10: 8x2 single-PMI statistics at SNR=-7.0 dB, high spatial correlation (current real-valued modeling)
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Figure 11: Throughput – 8x2 multiple-PMI (TDD), high spatial correlation (current real-valued modeling)
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Figure 12: 8x2 multiple-PMI statistics at SNR=0 dB, high spatial correlation (current real-valued modeling)


High spatial correlation with complex-valued correlation modeling
In order to allow 8-Tx PMI testing under high spatial correlation, we investigate a complex-valued correlation extension of the currently agreed real-valued model in [5]. As highlighted by previous results, the main shortcoming of the latter correlation model is to produce a fixed principal channel direction (“main beam”) along the broadside direction of the antenna (i.e. at 0 deg. azimuth angle). The details of the proposed complex-valued correlation modelling are provided further down in this section. The key idea to test effectively the W1 component is to randomize the principal direction of the channel over the test duration (e.g. random start index i1 and slow continuous variation in the azimuth domain over time). Looking at results for single-PMI (Figure 13 & Figure 14) and multiple-PMI (Figure 15 & Figure 16), we observe that:
· There is now noticeable gain of follow-PMI wrt. fixed PMI. Precoder statistics for W1 are close-to-uniformly distributed for follow-PMI, which proves that the main beam direction varies across the azimuth domain.
· Failure in W1 selection would immediately be identified by the test because W1 would not then correspond to the principal channel direction (wideband long term channel property).
· The test becomes meaningful in the sense that precoder selection is verified under channel conditions the 8-Tx codebook is designed for, i.e. high spatial correlation.
We see high spatial correlation with a randomization of channel main direction as essential for 8-Tx single-PMI testing because the latter mainly targets at identifying a principal channel direction at wideband level. For multiple-PMI tests, it depends whether one would like to isolate W2 precoder testing (discussed in [4]) or test jointly W1 and W2 components. In the latter case, randomization of the principal channel direction is needed as well.
Proposal 3: 
For 8-Tx single- and multiple-PMI test, randomize the principal channel direction under high spatial correlation. 
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Figure 13: Throughput – 8x2 single-PMI (TDD), high spatial correlation (complex-valued modeling)
	[image: image14.emf]0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

0

50

100

EVA5, 8x2 complex corr. 



0.9 



0.3, single PMI, PMI distribution: i

1

Percentage [%]

 

 

Follow PMI

Fixed W1, selected W2

Random W1, selected W2

Selected W1, random W2

Random PMI

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

0

50

100

PMI distribution: i

2

Percentage [%]


Figure 14: 8x2 single-PMI statistics at SNR=-7.0 dB, high spatial correlation (complex-valued modeling)
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Figure 15 Throughput – 8x2 multiple-PMI (TDD), high spatial correlation (complex-valued modeling)
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Figure 16: 8x2 multiple-PMI statistics at SNR=0 dB, high spatial correlation (complex-valued modeling)


We provide below a more detailed description of how one may perform randomization of the principal channel direction under high spatial correlation.
Real (current) vs. complex spatial correlation modeling
The current real-valued spatial correlation matrix at eNB side from [5] reads:
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where 
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 is a real-valued correlation coefficient. The above real-valued matrix unfortunatelly fixes the antenna array to beam perpendicular to its orientation (0 deg. azimuth angle), which is seen as detrimental to PMI testing under high spatial correlation. 
In order to allow the array to beam to an arbitrary azimuth direction, one way is to make use of a spatial correlation matrix at eNB side:
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where 
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 denotes the Hadamard product. Such modelling is justified by theoretical considerations (see e.g. [7]). Note that in practice  is non-uniformly distributed and its range is a function of the antenna array aperture. Nevertheless, for simplicity, we propose  to be uniformly distributed in order to guarantees that all codewords for W1 are selected with equal probability. Since PMI tests are run in a continuous manner over a given time interval, we propose that the test equipment randomly picks the start value for  and varies the latter slowly over time from one TTI to the next. Details are for further study and discussion in RAN4.  
One equivalent way to randomize the main beam direction (keeping the same direction along vertical/horizontal polarization) is to make use of a steering matrix 
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 after the codebook-based precoding operation as follows:
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(3)
where 
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is the received signal vector of size 8 x 1, H is the MIMO channel matrix of size 2 x 8,
[image: image28.wmf]W

is the precoding matrix of size 8 x R from the 8-Tx codebook, R being the transmission rank,
[image: image29.wmf]x

is the input signal vector of size R x 1, and n is the AWGN component of size 2 x 1. The currently agreed spatial correlation matrix [5] reads:
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(4)
One may show that the MIMO correlation matrix corresponding to the model in equation (3) may be expressed as:
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where
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 is as defined in equation (2). Equation (5) proves that the modelling in equation (3) implies a complex-valued channel correlation matrix at eNB side which is indeed the same as the one in equation (2).
Reference for random precoding in 8-Tx throughput test metric
For 4-Tx and more generally in the case of a single codebook for precoding, requirements on PMI accuracy are specified in terms of the throughput ratio:
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with precoders configured according to the UE reports.
For the 8-Tx dual-codebook, the difficulty lies in the fact that two PMI components form the final precoder for each subband, and each of them cannot be tested separately. It remains to be investigated and discussed in RAN4 whether a single random throughput reference is sufficient. In case the 8-Tx PMI test scenario is chosen such to guarantee sufficient gains for both W1 and W2 components, a single random throughput reference coupled to a single requirement on the corresponding throughput ratio may prove sufficient. We believe that a test scenario assuming high spatial correlation and randomization of the main channel beam in angular domain serves well the purpose. Otherwise, one would need to prove that each of W1 and W2 delivers sufficient share of the overall precoding gain which may require additional throughput references. 
Proposal 4: 

For 8-Tx PMI tests, discuss the choice of random throughput reference and associated test metric.
5
Conclusion
This contribution focused on the choice of spatial correlation parameters for PMI tests in eDL-MIMO. Based on the provided analysis and simulation results, we first observed that:
Observation 1:
For 8-Tx PMI, under low correlation one may not identify improper selection of W1 because of the lack of significant precoding gain for a properly selected W1 component.
Observation 2: 
For 8-Tx PMI, high spatial correlation with current real-valued correlation modelling will not allow differentiating proper W1 selection from an implementation with a fixed choice of W1.
Given these facts, we propose the following way forward:
Proposal 1: 

For 4-Tx PMI single- and multiple- PMI tests, confirm the choice of EVA5 channel model and low spatial correlation.
Proposal 2: 

For 8-Tx single- and multiple-PMI tests, select EVA5 channel model and high spatial correlation.
Proposal 3: 
For 8-Tx single- and multiple-PMI test, randomize the principal channel direction under high spatial correlation.  

The related modeling needs further investigation and discussion among companies in RAN4.

Proposal 4: 

For 8-Tx PMI tests, discuss the choice of random throughput reference and associated test metric.
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Annex – Simulation assumptions
Table 2: Initial baseline test assumptions for PMI reporting accuracy (from R4-113317)
	Parameter
	Unit
	Single PMI(FDD)
	Multiple PMI(FDD)
	Single PMI(TDD)
	Multiple PMI(TDD)

	Bandwidth
	MHz
	10
	10
	10
	10

	Transmission mode
	
	9
	9
	9
	9

	Uplink downlink configuration
	
	N/A
	N/A
	1
	1

	Special subframe configuration
	
	N/A
	N/A
	4
	4

	Propagation channel
	
	[EVA5]
	[EVA5]
	[EVA5]
	[EVA5]

	Precoding granularity
	PRB
	50
	6
	50
	6

	Correlation and antenna configuration
	
	[Low]
ULA 4 x 2
	[Low]
ULA 4 x 2
	[Low or High]
XP 8 x 2
	[Low or High]
XP 8 x 2

	CRS antenna ports number
	
	2
	2
	2
	2

	CodeBookSubsetRestriction bitmap
	
	[0x0000 0000 0000 FFFF]
	[0x0000 0000 0000 FFFF]
	[0x000 0000 0001 FFE0 0000 0000 FFFF]
	[0x000 0000 0001 FFE0 0000 0000 FFFF]

	CSI-RS SubframeConfig
	
	[1]
	[1]
	[4]
	[4]

	CSI-RS reference signal configuration
	
	[6]
	[8]
	[0]
	[4]

	Downlink power allocation
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	dB
	-3
	-3
	-3
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	dB
	-3
	-3
	-3
	-3

	Reporting mode
	
	PUSCH 3-1
	PUSCH 1-2
	PUSCH 3-1
	PUSCH 1-2

	Reporting interval
	ms
	5
	5
	5
	5

	 PMI delay 
	ms
	8
	8
	[10]
	[10]

	Measurement channel
	
	[Table A.3]
	[Table A.3]
	[Table A.4] 
	[Table A.4]

	OCNG Pattern
	
	OP.1 FDD
	OP.1 TDD
	OP.1 FDD
	OP.1 TDD

	[Subframe offset CSI reporting]
	
	[4]
	[4]
	[4]
	[4]

	Modulation and Coded rate
	
	[QPSK 1/3]
	[16QAM 1/2]
	[QPSK 1/3]
	[16QAM 1/2]

	Max number of HARQ transmissions
	
	4
	4
	4
	4

	Redundancy version coding sequence
	
	{0,1,2,3}
	{0,1,2,3}
	{0,1,2,3}
	{0,1,2,3}

	ACK/NACK feedback mode
	
	N/A
	N/A
	Multiplexing
	Multiplexing

	Note 1:
For random precoder selection, the precoders shall be updated in each available downlink transmission instance

Note 2:
If the UE reports in an available uplink reporting instance at subrame SF#n based on PMI estimation at a downlink SF not later than SF#(n-4), this reported PMI cannot be applied at the eNB downlink before SF#(n+4) 




Table 3: Reference measurement channel 50 PRB allocation based on CSI-RS estimation (FDD) (from R4-113317)
	Parameter
	Unit
	Value

	Reference channel
	
	R.xx FDD
	R.xx
FDD
	
	
	
	

	Channel bandwidth
	MHz
	10
	10
	
	
	
	

	Allocated resource blocks
	
	50
	50
	
	
	
	

	Allocated subframes per Radio Frame
	
	10
	10
	
	
	
	

	Modulation
	
	QPSK
	16QAM
	
	
	
	

	Target Coding Rate
	
	1/3
	1/2
	
	
	
	

	 CSI-RS SubframeConfig
	
	0
	0
	
	
	
	

	CSI-RS reference signal configuration
	
	6
	8
	
	
	
	

	Information Bit Payload
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	3624
	11448
	
	
	
	

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	
	
	
	

	  For Sub-Frame 0
	Bits
	2984
	9528
	
	
	
	

	Number of Code Blocks per Sub-Frame
(Note 3)
	
	
	
	
	
	
	

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

	  For Sub-Frame 5
	
	n/a
	n/a
	
	
	
	

	  For Sub-Frame 0
	
	1
	1
	
	
	
	

	Binary Channel Bits Per Sub-Frame
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	12000
	24000
	
	
	
	

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	
	
	
	

	  For Sub-Frame 0
	Bits
	9512
	19024
	
	
	
	

	Max. Throughput averaged over 1 frame
	Mbps
	3.1976
	10.1112
	
	
	
	

	UE Category
	
	1-5
	1-5
	
	
	
	

	Note 1:
2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10 MHz channel BW; 3 symbols allocated to PDCCH for 5 MHz and 3 MHz; 4 symbols allocated to PDCCH for 1.4 MHz
Note 2:
Reference signal, synchronization signals and  PBCH allocated as per TS 36.211 [4]

Note 3:   If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)
Note 4:   50 resource blocks are allocated in sub-frames 1,2,3,4,6,7,8,9 and 41 resource blocks (RB0–RB20 and RB30–RB49) are allocated in sub-frame 0



Table 4: Reference measurement channel 50 PRB allocation based on CSI-RS estimation (TDD)  (from R4-113317)
	Parameter
	Unit
	Value

	Reference channel
	
	R.xx TDD
	R.xx TDD
	
	
	
	
	

	Channel bandwidth
	MHz
	10
	10
	
	
	
	
	

	Allocated resource blocks
	
	50
	50
	
	
	
	
	

	Uplink-Downlink Configuration (Note 3)
	
	2
	2
	
	
	
	
	

	Allocated subframes per Radio Frame (D+S)
	
	6+2
	6+2
	
	
	
	
	

	Modulation
	
	QPSK
	16QAM
	
	
	
	
	

	Target Coding Rate
	
	1/3
	1/2
	
	
	
	
	

	 CSI-RS SubframeConfig
	
	0
	0
	
	
	
	
	

	CSI-RS reference signal configuration
	
	0
	4
	
	
	
	
	

	Information Bit Payload
	
	
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	3624
	11448
	
	
	
	
	

	  For Sub-Frames 1,6
	
	2664
	7736
	
	
	
	
	

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	
	
	
	
	

	  For Sub-Frame 0
	Bits
	2984
	9528
	
	
	
	
	

	Number of Code Blocks per Sub-Frame
(Note 4)
	
	
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	
	1
	2
	
	
	
	
	

	  For Sub-Frames 1,6
	
	1
	2
	
	
	
	
	

	  For Sub-Frame 5
	
	n/a
	n/a
	
	
	
	
	

	  For Sub-Frame 0
	
	1
	2
	
	
	
	
	

	Binary Channel Bits Per Sub-Frame
	
	
	
	
	
	
	
	

	  For Sub-Frames 3,4,8,9 
	Bits
	12000
	24000
	
	
	
	
	

	  For Sub-Frames 1,6
	
	7872
	15744
	
	
	
	
	

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	
	
	
	
	

	  For Sub-Frame 0
	Bits
	9512
	19024
	
	
	
	
	

	Max. Throughput averaged over 1 frame
	Mbps
	1.556
	4.7896
	
	
	
	
	

	UE Category
	
	1-5
	1-5
	
	
	
	
	

	Note 1:
2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10 MHz channel BW; 3 symbols allocated to PDCCH for 5 MHz and 3 MHz; 4 symbols allocated to PDCCH for 1.4 MHz. For subframe 1&6, only 2 OFDM symbols are allocated to PDCCH.

Note 2:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4].
Note 3:
As per Table 4.2-2 in TS 36.211 [4].

Note 4:      If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).
Note 5:   50 resource blocks are allocated in sub-frames 4,9 and 41 resource blocks (RB0–RB20 and RB30–RB49) are allocated in sub-frame 0,1,6
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