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1
Introduction
At RAN1#60b, contributions [1][2][3] were discussed regarding the UL 4Tx Rank 2 codebook extension proposed in [1].  In the Adhoc discussions, the following observations were made [4]

Observations:

· For NLOS case, there is no additional benefit of augmenting the rank-2 CB

· The gain of an extended codebook is negligible or not for LOS case??

· The maximum benefit is 7-14% without calibration error and no AGI

· With calibration error, the gain diminishes  to 0% at 40 degrees error

· This gain is achieved with large power backoff at high geometry

Conclusion:

· No consensus on the CB proposed in 2143.

· The current CB in 36.814 is agreed.

In this contribution, we give further observations regarding the proposed extension to the Rank 2 codebook. 
2
Discussion
The current 4Tx Rank 2 codebook for Rel-10 UL [6] are given in Table 1 below in entries 0 through 15.  The proposed additional precoders are shown in Table 1 in entries 16 through 23. 
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Table 1  Current Rank 2 codebook (index 0..15) and proposed extension [1] (index 16…23)
2.1
Line-of-sight evaluation
We evaluated the proposed codebook extension with a LOS non-fading channel with assuming a x-pol Tx antenna arrangement and no leakage between the polarizations.  Based on our understanding of [1], this would be the most beneficial scenario to show the gain with the extended codebook. 

The simulated channel was the following:
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Each column of H corresponds to a Tx antenna at the UE and each row of H corresponds to a virtual polarized antenna at the eNB.  Note that the number of eNB antennas could correspond to any x-pol ULA arrangement (e.g. 2Rx, 4Rx, 8Rx) since it is assumed that in each polarization the angular spread is low and a weighted sum of co-polarized antennas were already taken to give one combined receive signal per polarization. 

When 
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, the proposed codebook extension should outperform the existing codebook as it was pointed out in [1]. Note that 
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 occurs, for example, when the channel is perfect LOS and the Tx antennas are perfectly calibrated.  

We carried out simple simulations, with the channel model explained above with independent uniformly distributed 
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 and 
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 values.  This would correspond, for example, a perfect LOS case with no leakage between polarizations, where the antenna uncalibrated phase offsets takes on uniformly distributed values.  
In the simulation, the best PMI was chosen for each random 
[image: image7.wmf](

)

b

a

,

 channel realization and the channel capacity was calculated assuming a hypothetical 10dB SNR per Tx antenna.  
The results for the current 16 element codebook and proposed [1] 24 element codebook are shown in Figure 1. 
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Figure 1  Capacity Improvement with proposed codebook [1] with LOS, no x-pol leakage and random Tx antenna phase
As it can be seen in Figure 1, there is a 0.1 bit improvement in capacity at the 50%-ile point.  The corresponding effective SNR gain can be calculated as 
[image: image9.wmf].
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 Therefore the observed gain is small. 
As to the ‘performance hole’ of the existing codebook, we performed a separate simulation where an alternate codebook was used, whose entries target the cases where the antenna phases are offset by 180 degrees as opposed to phase offset of  zero degree. 

The additional codebook entries for the proposed [1] and the example alternate codebook extension are given in Table 2 below.  
	
	Codebook entries Index 16 to 23

	Proposed codebook extension
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	Proposed codebook extension
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Table 2  Additional codebook entries in the proposed [1] and alternate extensions
The simulation result showing the capacity improvement with the alternate codebook extension is given in Figure 2.  
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Figure 2  Capacity Improvement with alternate codebook with LOS, no x-pol leakage and random Tx antenna phase
As it can be seen, the capacity improvement with the alternate codebook is identical to the gain with the proposed codebook. 
We can observe that the ‘performance hole’ of the existing codebook at 0 degree antenna phase offset is the same as at 180 degrees and that the performance loss in both cases is small.  It appears that the observed performance difference is just due to quantization error typical to any PMI feedback. 
2.2
Non-line-of-sight evaluation

We note that the performance with the proposed codebook extension must be strictly better than with the current codebook, since there are more codebook entries added without deleting any existing entry.  To compare the performance improvement with the codebook extension, we performed simulations with the proposed codebook and random codebooks.   
In theses cases, the simulated channel was the following:
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Where 
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 and 
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 are independent random phase values.  The interpretation of the columns and rows of H are similar to that explained in 2.1. 

The modeled channel H corresponds to non-fading channel and co-polarized uncorrelated Tx antennas. 
The results for the current 16 element codebook and proposed [1] 24 element codebook are shown in Figure 3. 
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Figure 3  Capacity Improvement with proposed codebook [1] with co-polarized uncorrelated Tx
As it can be seen in Figure 3, the capacity improvement in the NLOS case is also small, on the order of 0.1 bits. 
As a comparison, similar evaluation was done for an example pair of random 16-entry and 24-entry codebooks.  This result is shown in Figure 4. 
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Figure 4   Capacity Improvement with random codebook with co-polarized uncorrelated Tx

The performance increase in the random codebook case shown in Figure 4 is similar to that shown in Figure 3.  We also observe though that the both the 16-entry codebook and 24-entry codebook shown in Figure 3 perform better than the random codebooks, therefore we should not reach any definite conclusion on the performance of the proposed codebook extension [1] just by comparing Figures 3 and 4.

3
Conclusion

We discussed the 4Tx Rank 2 codebook extension proposed in [1]. 
Simulation results showed that the performance loss with the current codebook in LOS scenario with zero degree antenna phase offset is similar to the loss with 180 degree phase offset and in both cases the capacity impact is small. We find the conclusion reached in the RAN1#60bis UL MIMO session appropriate. 
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