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1
Introduction

During RAN4#58, an agreement was reached on spatial correlation modeling with cross-polarized antennas [1]. In this contribution we focus on the remaining issues to be addressed:
· Choice of (, , ) parameters for the 8-Tx case with high spatial correlation;

· Influence of spatial correlation parameters to single- and multiple-PMI selection with the 8-Tx double codebook.
Earlier contributions analyzed the choice of spatial correlation parameters from an ergodic channel capacity perspective. In the following, we take one step further by providing throughput results and conclude based on these.
2
Choice of 8-Tx spatial correlation parameters
2.1
8-Tx MIMO correlation with cross-polarized antennas
In summary, it was agreed during RAN4#58 meeting that when cross-polarized antennas are deployed at the eNB and UE, the channel spatial correlation matrix can be expressed as follows:
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 maps the spatial correlation elements to the correct position according to the RAN1 labelling system [4] which states that antennas for one polarization are listed from 1 to N/2 and antennas for the other polarization are listed from N/2+1 to N, where N is the number of transmit or receive antennas. We refer to [1] for the exact definition of matrices 
[image: image8.wmf]P

, 
[image: image9.wmf]G

, 
[image: image10.wmf]UE

R

, and 
[image: image11.wmf]eNB

R

. The values for parameters ,  and  for low correlation and high spatial correlation are given in Table 1 below.

Table 1: Parameters (, , ) defining low/high spatial correlation

	Low correlation
	High spatial correlation

	
	
	
	
	
	

	0
	0
	0
	[0.9]
	[0.9]
	[TBD]


Note 1: Value of  applies when more than one pair of cross-polarized antenna elements at eNB side. 
Note 2: Value of  applies when more than one pair of cross-polarized antenna elements at UE side. 
Note 3: The introduction of a medium correlation matrix for 8-Tx eDL-MIMO needs further study.
2.2
Throughput considerations in relation to the choice of (,)
In this section, we focus on the choice of spatial correlation parameters assuming an 8x2 cross-polarized antenna configuration. We investigate the case of high spatial correlation (see Table 1) because the lowly correlated case –uncorrelated in fact – is perfectly defined through (, , )=(0, 0, 0). Unlike previous analysis largely based on ergodic capacity (e.g. [2] and references therein), we take a look here at the impact of spatial correlation parameters to the link throughput assuming an 8x2 transmission configured with TM9, i.e. a total of 8 CSI-RS ports, CSI reporting based on the double codebook for 8-Tx and DM-RS for demodulation (detailed simulation parameters are provide in Annex). We note that these are preliminary results, without implementation margins. For  rank-1 and rank-2 transmission, we study:
· The influence of  and  parameters on the 8x2 link throughput;
· The influence of spatial correlation parameters on 8-Tx single-PMI selection;

· The influence of spatial correlation parameters on 8-Tx multiple-PMI selection.

The latter two points will provide insight on the mapping of spatial correlation parameters to CSI test cases and validate the CSI testing methodology itself discussed in a companion paper [5]. 
2.2.1 

Influence of  and  parameters on the 8x2 link throughput
In Figure 1-2, we plot 8x2 link throughput curves as a function of the SNR for a fixed MCS (16QAM-1/2) and fixed rank (1 or 2), assuming a 3GPP-TU channel profile and UE velocity of 3 km/h. We consider PUSCH 1-2 reporting, i.e. wideband (WB) W1 and narrowband (NB) W2 PMI selection. The channel coefficients are generated according to the agreed correlation model and exemplary description in [1].
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Figure 1: Influence of  parameter on rank-1/2 throughput for fixed =0.5
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Figure 2: Influence of  parameter on rank-1/2 throughput for fixed =0.9


Figure 1 shows the influence of the parameter  governing the spatial correlation of the 4-Tx sub-arrays part of the 8-Tx cross-polarized configuration at eNB. Studied values of  are chosen from the set {0.5, 0.7, 0.9}. For this purpose we fixed the value of the parameter  to =0.5 and observe that the larger the value of  grows, the higher the rank-1/-2 throughput is. This naturally finds an explanation in the increased precoding gain over the ULA part of the transmitter array through W1 precoder as the spatial correlation increases, while uncorrelated polarization dimensions serve either rank-1 or rank-2 transmission. Other values of  lead to the same trend. 
Figure 2 depicts the influence of the parameter  when the value of  is fixed to =0.9. Studied values of  are chosen from the set {0, 0.15, 0.3, 0.5, 0.7, 0.9}. The parameter  depends on the cross-polarization power ratio (XPR): the smaller the value of , the larger the cross-talk between nominal polarization branches (refer to [2] for the exact relationship). We observe opposite effects of on rank-1 and rank-2 throughputs:
· For rank-1 transmission, the larger  gets (the lower the cross-talk), the lower the associated link throughput. Intuitively, =1 corresponds to perfect cross-polarization discrimination (XPR=0 or –Inf [dB]). In this case, rank-1 precoder selection faces conflicting goals of maximizing throughput with perfectly phased channel components from one Rx to the Tx antennas and on the contrary components with 180 degree phase difference from the other Rx to the Tx antennas. This is due to the rotation induced by +-45 degree Tx antenna slanting together with the lack of cross-talk, and explains the lowest throughput performance for =1.
· For rank-2 transmission, the larger  gets, the higher the associated link throughput. This is inline with earlier capacity based considerations in [2]. In the case of =1, the underlying channel is perfectly orthogonal up to a rotation induced by +-45 degree Tx antenna slants. This explains the best rank-2 throughput performance.
Related to the choice of the value for the parameter , based on the above results, one aspect is to balance its impact between rank-1 and rank-2 throughputs. Another aspect discussed in [2]

 REF _Ref284403221 \r \h 
[3] is to consider the influence of  on PMI testing and ensure sufficient variability of selected precoders throughout the subbands. The latter applies especially to W2 precoders. Therefore we would propose to set  to a low value within the range [0.15–0.5], e.g. 0.3 which ensures relatively low correlation between the corresponding channel branches.
Proposal: Choose =0.9 and set  to a low value in the range [0.15–0.5] for the case of high spatial correlation.
2.2.2 

Influence of spatial correlation on 8-Tx single-PMI selection
We investigate here PUSCH 3-1 reporting with the 8-Tx double codebook. It consists of a wideband precoder W1 (PMI index i1) and wideband precoder W2 (PMI index i2) together forming a wideband resulting precoder W=W1xW2. Figure 3 and 4 show the throughput performance of PUSCH 3-1 reporting for rank-1 and rank-2 transmission, respectively, for two pairs of spatial correlation parameters (,)={(0, 0), (0.9, 0.5)}. We note that  has been chosen equal to 0.5 in this example and other values of gamma show similar trend in the results. The throughput performance with random precoding – i.e. random wideband W1selection coupled with random wideband W2 selection serves as reference.
From the results we observe the gain from wideband precoding through W1 especially in the case of high spatial correlation (=0.9) with a very large gap wrt. random precoding, where the main beam formed by W1 points to random direction and not towards the UE. The gap to random precoding is not so prominant in the uncorrelated case ((,)=(0, 0)) but still present. We note that with currently agreed spatial correlation modeling, for large values of  (high spatial correlation), the W1 precoders will tend to be selected the same throughout simulations. On the other hand variability in precoder selection – beneficial from CSI testing perspective – is ensured with low spatial correlation. This can be further checked through precoder selection statistics. 
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Figure 3: Rank-1 single-PMI (W1/W2 WB/WB) selection vs. random PMI; (,)={(0,0), (0.9,0.5)}
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Figure 4: Rank-2 single-PMI (W1/W2 WB/WB) selection vs. random PMI; (,)={(0,0), (0.9,0.5)}


2.2.3 

Influence of spatial correlation on 8-Tx multiple-PMI selection
We investigate here PUSCH 1-2 reporting with the 8-Tx double codebook. It consists of a wideband precoder W1 (PMI index i1) and subband precoders W2 (PMI indices i2) together forming subband specific precoders of the form W=W1xW2. To our view, the main goal here is to essentially test W2 reporting, i.e. the ability to provide subband precoding gain. Figure 5 and 6 show the throughput performance of PUSCH 1-2 reporting for rank-1 and rank-2 transmission, respectively, for two pairs of spatial correlation parameters (,)={(0, 0), (0.9, 0.5)}. We note that  has been chosen equal to 0.5 in this example and other values of gamma show similar trend in the results. The throughput performance with random precoding serves as reference, where we show the results for two different random precoder selection strategies:
1. Random wideband W1 and random narrowband W2 selection;

2. Follow reported wideband W1 and random narrowband W2 selection.
The goal of the second random precoder selection strategy is to isolate from the results the impact of W2 precoder selection. From Figures 5-6 we observe that the gain from wideband precoding through W1 plays the largest role in the case of high spatial correlation – W1 provides most of the precoding gain wrt. W2 – while the situation is reversed in the uncorrelated case where W2 is seen to offer most of the precoding gain. These observations are natural in the sense that W1 is constructed by design to exploit long-term wideband channel properties, and when these are non-existent – e.g. in the uncorrelated case, W1 hands it over to W2 which then takes mostly care of the precoding. The effect is most prominent with rank-1 but also visible with rank-2, where W2 handles inter-stream orthogonality.
We also note that variability in W2 precoder selection – beneficial from CSI testing perspective – is ensured with both low and high spatial correlation, essentially because polarization dimensions tend to be uncorrelated. However, we have a slight preference in testing multiple-PMI reporting assuming high spatial correlation, which will tend to fix W1 reporting to similar values throughout the simulation and thereby isolate the effect of W2 precoder selection. Overall, even though W1 and W2 jointly form the resulting precoder, we see it beneficial to strive at separating as much as possible testing of the wideband component W1 from the subband component W2. 
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Figure 5: Rank-1 multiple-PMI (W1/W2 WB/NB) selection vs. random PMI; (,)={(0,0), (0.9,0.5)}
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Figure 6: Rank-2 multiple-PMI (W1/W2 WB/NB) selection vs. random PMI; (,)={(0,0), (0.9,0.5)}


3
Conclusions

In this contribution we have discussed the choice of spatial correlation parameters for 8x2 MIMO with cross-polarized antennas, building on the recent agreement on 8-Tx spatial correlation modeling. Unlike earlier analysis, the study is conducted from link throughput perpective. Based on the provided simulation results, we make the following proposal:
Proposal: Choose =0.9 and set  to a low value in the range [0.15–0.5] for the case of high spatial correlation.

We have also conducted preliminary link level investigations on the mapping of spatial correlation parameters to potential CSI test cases. We observe that high spatial correlation provides indeed the largest precoding gain with the 8-Tx dual codebook over random precoding. Another aspect to consider is variability in reported precoders across subbands, ensured through low spatial correlation for W1 precoder and both low/high spatial correlation for W2 precoders. Overall, even though W1 and W2 jointly form the resulting precoder, we see it beneficial to strive at separating as much as possible testing of the wideband component W1 from the subband component W2.
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Annex – Link simulation parameters
	Parameter
	Value

	System bandwidth
	5 MHz

	Carrier frequency
	2.0 GHz

	Antenna configuration at eNB
	8-Tx cross-polarized

	Antenna configuration at UE
	2-Tx cross-polarized

	PDCCH/PDSCH configuration
	3 OFDM symbols for PDCCH, 11 for PDSCH

	Channel model
	3GPP-TU

	Spatial correlation modeling
	Agreed 8-Tx spatial correlation modeling [1]

	UE velocity
	3 km/h

	Transmission mode
	Rel-10 closed-loop spatial multiplexing (TM9)

	Precoding
	Rel-10 double codebook for 8-Tx

	Precoding granularity
	WB precoding: 25 PRB
NB precoding: 4 PRB

	PMI reporting delay
	8 ms

	PMI reporting periodicity
	(W1, W2) = (10 ms, 10 ms)

	Feedback modes
	- PUSCH 3-1 (W1/W2 WB/WB)

- PUSCH 1-2 (W1/W2 WB/NB)

	Number of layers
	Fixed rank-1 or rank-2

	Modulation and coding
	Fixed QPSK-1/3 or 16QAM-1/2

	HARQ
	No retransmissions

	Number of allocated PRBs
	24

	CSI-RS configuration
	8-Tx CSI-RS, 10 ms periodicity

	CRS configuration
	2 CRS ports

	DM-RS configuration
	1-layer / 2-layer DM-RS pattern,
PRB-bundling over 2 PRBs

	Channel estimation algorithm
	Realistic channel estimation over CSI-RS for PMI selection and DM-RS for demodulation
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