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1
Introduction
The key enhancements being considered for DL in LTE Release 10 specification are support for up to 8x8 SU-MIMO and enhanced MU-MIMO. Unified feedback approach providing good support for SU-MIMO and MU-MIMO is proposed in [1].  The codebook size required to support SU-MIMO and MU-MIMO with CDI feedback for 4 Tx was discussed in [2]. In order to attain higher granularity for the spatial feedback, we proposed Multiple Description Coding (MDC) [3][4], which uses a family of codebooks, where the codebooks are used in a round-robin fashion in the spatial feedback. In this contribution, we discuss ways to define the needed family of codebooks for MDC.  
2
Discussion
In this contribution, we discuss some aspects of the codebook design for MDC.  Here we assume that the same codebook structure is used for feedback for SU-MIMO and MU-MIMO purposes. 
We will only discuss the 4x4 cases.  The details for 4x2 (and 2x2 if needed) will be provided later.  We note that the same methods can be extended to 8xN codebooks as well, after the baseline codebooks for those cases are defined. 
2.1
Codebook size 
In Figure 1 below, representative simulation results are shown for comparing the link performance with different codebook sizes for the 4x2 MU-MIMO case. The simulation assumptions are included in the Annex. 

In Figure 1, “PMI” means the feedback being derived for 4x2 SU-MIMO but being used for MU-MIMO (two Rank 1 UEs).  “EIG” means the feedback being derived for 4x2 MU-MIMO, which is essentially feedback with Rank 1 restriction.  We note that in this case, there is a loss for MU-MIMO operation with SU-MIMO based feedback but in other contributions we propose solutions for this. That difference is not relevant in the context of this contribution. 
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Figure 1   Link throughput vs. codebook size, 4x2 TU, MU-MIMO

As it can be seen from Figure 1, there is a performance difference of 1.5dB … 2.5dB between 4-bit and 6-bit codebooks in the range of 5dB … 25dB operating SNR.  There is a 2dB … 4dB performance difference between 4-bit and 8-bit codebooks in the range of 5dB … 25dB SNR.  

Therefore, we conclude that it is desirable to use at least 6-bit codebooks for Rel10 4x2 feedback.  
2.2
MDC feedback operation 
In order to reduce the impact of increased feedback granularity on the UL control overhead, Multiple Description Coding (MDC) has been proposed [4]. 

MDC feedback means that in consecutive PMI reporting opportunities, different codebooks are used for feedback. In low Doppler channels, the eNB can then combine multiple reports to improve the feedback granularity. 

In high Doppler cases, the channel decorrelates between consecutive reports, in which case combining reports does not enhance the feedback.  Then the eNB can resort to using the individual reports for scheduling. Since each codebook in the MDC family has very similar performance, the feedback quality in the high Doppler case with MDC will not be reduced compared to the non-MDC feedback. When the MDC codebook family contains more than two codebooks, then the eNB can choose different filtering lengths, besides no filtering, selected based on the Doppler. It is assumed for this operation that the eNB has at least a coarse Doppler estimate.  Such estimate can be obtained by observing PUSCH DM-RS, PUCCH DM-RS, SRS, or statistics of past feedback values, etc. 

2.3
Code book derivation

For MDC, a codebook family, i.e. multiple codebooks need to be defined.  In our view, it is beneficial if each of the MDC component codebooks have the following properties:

· Constant modulus

· Codebook entries are powers of 
[image: image2.wmf]4

/

p

j

e


· The codebook has a nested structure

· If the codebook size for one of the Tx-Rx configurations is chosen to be the same as Rel8 then one of the MDC codebooks should be the Rel8 codebook. 

· It is beneficial if the MDC codebooks can be simply expressed as a transformation of a common codebook, which common codebook can be one of the component codebooks. 

2.3.1
Example 4x4 MDC codebook

We give an example for a simple MDC codebook structure based on the Rel8 4x4 Householder codebook. 
We can define eight rotation vectors,  
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Define corresponding eight diagonal rotational matrices,  
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where  
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 means the kth  element in rotation vector 
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With these, define 
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, the nth  PMI entry (i.e. precoder corresponding to PMI index n) in the ith MDC codebook as 
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where 
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 is the Rel8 4x4 precoder corresponding to PMI index n defined in 36.211 v8.8.0.

In the above construction, for different ranks, the precoder corresponding to the desired rank is selected from the Rel8 codebook as 
[image: image14.wmf]n

W

. 
In Figure 2, simple performance evaluation is shown of the rotated MDC codebook family based on the Rel8 codebook as described above.  The performance is evaluated as an interference suppression ratio, ISR, which is defined as

[image: image15.wmf](

)

2

10

'

1

log

10

w

h

ISR

×

-

×

-

=

 

where h is a random realization of a 4x4 Rayleigh channel with zero antenna gain imbalance, zero antenna correlation, and with channel power always normalized to 1; w is the best rank-1 precoder, i.e. the codebook entry for which 
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 is maximum for the given channel realization h.
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Figure 2   Codebook interference suppression ratio comparison
In Figure 2, the CDF of the Interference Suppression Ratio (ISR) defined above is plotted.  
The solid curves show performance with a single codebook, i.e. with no MDC.  
The dashed curves show performance with two alternating MDC codebooks.  The cases for the codebook construction are: 

· Red curve:  and Rel8 codebook and rotated codebook 
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 with i=2   
· Black curve: optimum random codebook found with computer search

As it can be seen from Figure 2, from the ISR performance perspective, the proposed MDC codebook is close to optimum. 

We have performed similar simulations with the other seven values of  i and found similar results, therefore we conclude that proposed MDC codebook construction is a good candidate. 

2.3
MDC applicability to other feedback schemes

Recently, other codebooks have been proposed [5], which we will call structured codebooks here.  Such codebooks can be expressed as a Kronecker product of two smaller codebooks, i.e. each precoder is a Kronecker product of two smaller precoders [5]: 
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For example, in a 4x4 system, 
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 can be a short term 2x2 codebook, while and 
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 can be a long term 2x1 codebook.  The resulting codebook 
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 is size 4x2 and is limited to up to Rank 2.  
The MDC method can be applied to either 
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 or both.  Given that 
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 is a short term precoder and 
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 is a long term precoder, PMI1 and PMI2 can be fed back at different times and at different periodicity. Different MDC codebook families with different number of member codebooks can be applied to each. Even if PMI1 and PMI2 are fed back with the same periodicity, it is possible to use different size MDC codebook families for the two.   If PMI1 and PMI2 are fed back with the same periodicity, it is still possible for the eNB to use different filtering length for the two precoders to effectively create a long term and a short term component. 
Similarly, MDC can be applied to other schemes, for example to companion PMI feedback. 
3
Conclusion

We discussed suitable methods for constructing member codebooks for MDC family of codebooks. An example 4x4 4-bit MDC codebook family construction was presented, which has the following properties: 

· Each member codebook is a rotation of the Rel-8 codebook

· One of the MDC codebooks is the Rel-8 codebook

· Constant modulus

· Codebook entries are powers of 
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· The codebook has a nested structure

The same construction can be generalized to other codebook cases

Initial simulations were presented that showed close to optimum results with the example MDC codebook construction.  

The applicability of MDC to ‘structured codebooks’, e.g. Kronecker product precoders was also discussed.  
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Simulation Assumptions
	Transmission Bandwidth
	5MHz

	Channel Model
	TU 3km/h

	Number of Tx antennas
	8 , 4

	Number of Rx antennas
	2 / 4

	Receiver Type
	Linear MMSE

	Allocation Size 
	24 RBs

	Number of Control Symbols
	3 

	Number of CRS antenna ports
	4

	CQI/Precoding feedback
	Codebook based Precoding Per 2 RB, every 5ms, delay 2ms 

	CP Mode
	Normal CP

	Channel Estimation Pilots
	UE-RS based channel estimation

	Channel Estimation
	2D MMSE with uniform Doppler spread and uniform delay spread assumed.  

Tuned to 10, 30, 120 Kmph for speed of 3, 30, 120 Kmph

Delay spread 10us for Normal CP like pattern for Veh B and 16 us for other patterns.

Delay spread of 5us for TU

	Interference Estimation
	Perfect

	HARQ
	Target 10% after 1st transmission
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