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1   Introduction
A WI to develop performance requirements for 8 Rx Antennas for LTE UL has been approved in [1]. During the process of developing requirements, channel model is one of the most important simulation and testing condition that need to be defined in the first phase. In this document, a brief summary of current channel model and possible options of developing channel models for 8Rx UL have been provided for discussion. 
2 Discussion
2.1 Brief History
Currently, the channel model used for performance requirements for both DL and UL are based on fixed delay profiles and correlation matrix for every path. This scheme had been regarded as suitable for performance verification and implementation. A comprehensive description and analysis in the early LTE stage regarding the generation of correlated matrix could be found in [2]. 

Those delay profiles have been stable since the beginning of Rel-8 and most of discussions are focused on the Correlation Matrix. 
For DL part, correlation matrix has been defined in UE spec 36.101 since Rel-8.  Before the introduction of eDL-MIMO in Release 10, the correlation matrices are all based on ULA (Uniform Linear Array Model). The eNodeB side correlation matrices[image: image1.wmf]eNB
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 are defined for Nt = 1,2,4 transmit antenna as following ,the alpha is a parameter that controls the correlation between the ULA transmitter elements:
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The UE side correlation matrices are defined for Nr =1, 2, 4 receive antennas and its correlation [image: image5.wmf]UE
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 is pretty much similar with parameter beta. The channel spatial correlation matrix is expressed as the Kronecker product of the two correlation matrix.
In the eDL-MIMIO WI, the polarized antenna model have been added into UE spec and used in PMI tests which utilized the 8Tx codebook optimized based on polarized antenna. The discussion takes more than a year for the model to be complete. The channel spatial correlation matrix is calculated by equation 
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 which had taken polarization and specific numbering plan into consideration. Only high correlation case had been defined in the final CR.
For the BS part, the correlation matrix has not been introduced in Release 8/9 and a simple uncorrelated model was used. In Release 10, correlation matrix was introduced in UL-MIMO WI and a ULA model similar to UE side in Release 8 was defined. The parameters of high/medium/low correlation were all defined.  However, only low correlation, basically no correlation option are used in the test cases.
2.2 Possible Model Options for 8Rx UL
In the current 8Rx in UL, there are a few options could be opened for discussion.

Option 1: Reusing the current correlation method based on UE and BS spec.

This is obviously the most straightforward and natural way of extension. It should serve the purpose of the conformance test just like current tests. Since this methodology had been used for a long time, its simulation and implementation should also not be too difficult.

To be more specific, two sub options are provided:
Option 1a : Use polarized antenna model as in UE spec 36.101.

This option is more aligned with the most probable deployment scenarios in eNodeB. The detailed mathematical model was also thoroughly studied as documented in the references of TP [5] and it could be almost completely reused into BS spec.
However, this polarization model is not that essential as they did in the UE part for eDL-MIMO. In eDL-MIMO, the 8Tx channel model had to be polarized to verify the physical layer design of the dual code book. On the other hand, the essential part in 8Rx UL for BS that need to be tested is the diversity gain that BS could be achieved and this gain would only be maximum with low correlation. In fact, this is why no matrix but zero correlation is defined for Rel-8/9. If only low correlation were defined as similar to [6], it could be observed that the final correlation after calculation is simply identity matrix for 8x2. This result could also be easily be verified to also apply to 8x1. This will make it somewhat doubtful whether we really need this polarization or not.
Option 1b :Extend current ULA antenna model existed in BS spec 36.104

This option is also a quite straight forward extension and the detailed mathematical model could be referenced to earlier eDL-MIMO discussion paper [7]. Although not quite consistent with most antenna implementations, this could also serve the purpose of BS test. In addition, for the low correlation case, this model would derive the same identity matrix as final correlation matrix. Thus is also a viable option.

It is believed that one of those could be enough and it would be somewhat redundant to use both of them.

Besides the above options, theoretically other options are also possible:
Option 2:  Other modeling methods.
If deemed necessary, other methods may also be possible. However, if modeling method other than correlation matrix (e.g. based on SCM) is considered, considerable work in evaluation process would be expected.
Based on the previous analysis, option 1b (ULA) with low correlation parameter might be the most simple method that could serve the basic testing purpose.
3   Conclusion
In this contribution, a summary of the research history of current channel model were given and some options for channel model are given. Based on the analysis, option 1b (ULA) with low correlation parameter might be the most simple method that could serve the basic testing purpose.
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