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1 Introduction

The DMRS design with v-shift enabled was first proposed in [1] and further refined in [2]. This contribution provides the link level performance analysis in terms of normalized MSE of channel estimation over data RE’s. 
2 Performance analysis
The normalized MSE of channel estimation error over data RE’s is defined by
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 is the estimated version of true channel condition 
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 over data RE’s. 
The above normalized MSE can be derived as a function of channel auto-correlations among DMRS RE’s as well as the cross-correlation between DMRS RE’s and data RE’s.  It is assumed in this theoretical analysis that the receiver knows the correct channel correlation properties. In reality, the channel correlation information relies on UE measurement and could be inaccurate. Here we just take this assumption to obtain the achievable MSE lower-bound for comparison purpose. 
For the channel correlation property, we assume channel correlation is the product of correlations over time domain and frequency domain, i.e. [3]
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where the time domain correlation is given by
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 for Rayleigh fading, and the frequency domain correlation is given by 
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 for exponentially decaying multipath power delay profile. We focus on the channel estimation performance analysis under specific channel models as listed in [4].
	Channel models
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	EPA-5
	5
	0.05

	EVA-5
	5
	0.4

	EVA-70
	70
	0.4

	ETU-70
	70
	1.0

	ETU-300
	300
	1.0


Table 1 channel parameters in analysis
In this contribution, the DMRS performance is measured in terms of MSE of channel estimation, based on the DMRS patterns given in [2] as well as Appendix A. For each DMRS pattern, two channel estimation strategies are used: 

· Independent RB: the single channel estimation operation is performed over the PDSCH RE in one RB, with the DMRS RE also restricted to that RB only. 

· Joint RB: the single channel estimation operation is performed over the PDSCH RE in one RB, with not only the DMRS RE’s in current RB but also some of RE’s in adjacent RB as shown in Appendix A. 
Simple orthogonal Walsh code is used as DMRS CDM sequence. All analysis assumes normal CP subframe with 3 PDCCH symbols.

1) MSE without interference from inter-cell CRS

In Figure 1 to Figure 3 are provided the normalized MSE of channel estimation under different number of total layers as well as the different channel models. The interference from inter-cell DMRS/CRS is not modeled in the numerical analysis. The simulation results suggest that
· The channel estimation using DMRS RB’s from adjacent RB’s could bring performance gain of 1~2 dB for low rank. This gain is further enlarged for higher rank. 
· Pattern-A v2 with channel estimation over joint RB’s provides the best performance in all study cases because of better CDM orthogonality and more number of DMRS RE’s involved in single channel estimation; however, it is more sensitive to the availability of joint RB. When the DMRS in neighboring RB cannot be used, Pattern-A v2 does not have obvious advantage. 
· Pattern-A (v-shift disabled) and Pattern-B (v-shift enabled) have quite similar MSE performance when 
a) Any channel model for L=2;

b) Any channel model except ETU-300 for L=4;

c) EPA and EVA-5 channel model for L=8
For all other channel models, Pattern-A slightly outperforms Pattern-B. 

· The two v-shift enabled patterns (Pattern-B v1 and Pattern-B v2) could provide similar channel estimation performance. 
2) MSE with interference from inter-cell CRS

With v-shift disabled in the asynchronous network, there could be at most 16 out of 24 DMRS RE locations colliding with CRS RE’s from two neighboring cells. In this contribution, the impact of interference from inter-cell CRS is modeled as AWGN noise with additional noise scaling on colliding DMRS RE’s. The MSE performance comparison between Pattern-A v1 and Pattern-B v1 based on different AWGN scaling factors is shown in Figure 4 for rank-4 transmission. It is shown that the extra 2dB scaling on AWGN on those colliding DMRS RE’s could bring about 1-dB loss in terms of MSE performance. This loss could be even larger in real system because it is too optimistic to simply model the repeated interference from inter-cell CRS as AWGN noise. Because LTE Rel-8 specification does not limit the power ratio between CRS RE and data RE, it should remain for further study with v-shift disabled DMRS how the CRS power impacts the channel estimation over DMRS and how the latter one reversely impacts the Rel-8 system due to extra requirement on power allocation to CRS.
3 Conclusions

The numerical analysis on mean square error of MMSE-based channel estimation suggests that: 
· Without counting the interference from inter-cell CRS, both v-shift disabled DMRS patterns and v-shift enabled patterns could provide similar achievable channel estimation performance in terms of MSE under most of typical channel models. 
· If interference from inter-cell CRS is modeled, the performance loss with v-shift disabled pattern is observable; and depending on the power level of CRS, the v-shift enabled DMRS pattern could outperform the v-shift disabled pattern. 
· The two v-shift enabled patterns provided in this contribution have the similar performance metric. 

We propose to include both v-shift enabled and disabled DMRS patterns in the further DMRS study. 
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Figure 1 MSE for L=2
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Figure 2 MSE for L=4
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Figure 3 MSE for L=8
[image: image23.emf]-10 -8 -6 -4 -2 0 2 4 6 8 10

10

-3

10

-2

10

-1

10

0

MSE for L=4 SU-MIMO, Doppler=5.0Hz 



rms

=0.1us

Es/No(dB) per RE per layer

normalized MSE

v-shift disabled v1, joint RB, noise scaling 0.5dB

v-shift disabled v1, joint RB, noise scaling 1dB

v-shift disabled v1, joint RB, noise scaling 2dB

v-shift enabled v1, joint RB

[image: image24.emf]-10 -8 -6 -4 -2 0 2 4 6 8 10

10

-3

10

-2

10

-1

10

0

MSE for L=4 SU-MIMO, Doppler=5.0Hz 



rms

=0.4us

Es/No(dB) per RE per layer

normalized MSE

v-shift disabled v1, joint RB, noise scaling 0.5dB

v-shift disabled v1, joint RB, noise scaling 1dB

v-shift disabled v1, joint RB, noise scaling 2dB

v-shift enabled v1, joint RB


[image: image25.emf]-10 -8 -6 -4 -2 0 2 4 6 8 10

10

-3

10

-2

10

-1

10

0

MSE for L=4 SU-MIMO, Doppler=70.0Hz 



rms

=0.4us

Es/No(dB) per RE per layer

normalized MSE

v-shift disabled v1, joint RB, noise scaling 0.5dB

v-shift disabled v1, joint RB, noise scaling 1dB

v-shift disabled v1, joint RB, noise scaling 2dB

v-shift enabled v1, joint RB

 [image: image26.emf]-10 -8 -6 -4 -2 0 2 4 6 8 10

10

-2

10

-1

10

0

MSE for L=4 SU-MIMO, Doppler=70.0Hz 



rms

=1.0us

Es/No(dB) per RE per layer

normalized MSE

v-shift disabled v1, joint RB, noise scaling 0.5dB

v-shift disabled v1, joint RB, noise scaling 1dB

v-shift disabled v1, joint RB, noise scaling 2dB

v-shift enabled v1, joint RB


[image: image27.emf]-10 -8 -6 -4 -2 0 2 4 6 8 10

10

-2

10

-1

10

0

MSE for L=4 SU-MIMO, Doppler=300.0Hz 



rms

=1.0us

Es/No(dB) per RE per layer

normalized MSE

v-shift disabled v1, joint RB, noise scaling 0.5dB

v-shift disabled v1, joint RB, noise scaling 1dB

v-shift disabled v1, joint RB, noise scaling 2dB

v-shift enabled v1, joint RB


Figure 4 MSE for L=4 with interference from inter-cell CRS

Appendix A. DMRS patterns

1). Pattern-A with v-shift disabled
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2). Pattern-B with v-shift enabled
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