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1 Introduction
In RAN1 #72bis, the following was agreed for the 4Tx CSI feedback enhancement:

· A new aperiodic PUSCH feedback mode is supported in Rel.12 with following feedback:
· A wideband CQI: 4 bits

· Per subband differential CQI with respect to wideband CQI as PUSCH 3-1 : 2 bits

· A wideband PMI based on W1 codebook
· 2 Tx: 0 bit
· 4 Tx: 

· 0/0 bits for rank 1-2 respectively if Rel 8 codebook is configured to the UE

· FFS for rank 3-4 

· FFS if Rel 12 dual codebook is configured to the UE
· 8 Tx: 4/4/2/2/2/2/2/0 bits for rank 1-8 respectively
· Per subband PMI(s) based on W2 codebook

· 2Tx: 2/1 bits for rank 1 – 2 based on Rel 8 2Tx codebook
· 4Tx: 

· 4/4  bits for rank 1-2 respectively if Rel 8 codebook is configured to the UE

· FFS for  rank 3-4 

· FFS for rank 1-4 if Rel 12 dual codebook is configured to the UE
· 8Tx:  0/0/0/0 bits for rank 5 – 8 respectively

· FFS until RAN1#73 for rank 1-4 with codebook sub-sampling
· Subband Size

· Working assumption that the CQI and PMI subband sizes are the same

· Revisit if a problem emerges when finalising the feedback report sizes

· Study further until RAN1#73 whether there is a benefit from allowing different CQI and PMI subband sizes
· Working assumption that the existing CQI and PMI subband sizes are used

· Study further until RAN1#73 whether there is a benefit from RRC-configurable subband sizes
· Additional information in the CSI reports is FFS
· For example CSI feedback enhancements targeted at improving MU performance

In [1], we provide the remaining details of the new codebook based on the agreed dual codebook structure. In [2], we provide system-level simulation results to show that the codeword search methods can be optimized for SU-MIMO or MU-MIMO. In this contribution, we provide additional simulation results with regard to the SU-MIMO and MU-MIMO specific codeword search methods assuming the Rel-8 4Tx codebook or the newly introduced codebook based on the Rel-10 dual codebook structure.
2 Codeword search methods
In [3], we have shown that UE can optimize the CSI search method if it knows the eNB’s scheduling preference. If UE is only configured with one CSI reporting process, eNB needs a minimum of one bit broadcasting signaling to indicate its scheduling preference. On the other hand, UE can be configured with two CSI reporting processes with one being restricted to rank one and the other being restricted to e.g. rank two. In this case, eNB can always rely on the rank one report for MU-MIMO scheduling because it quantizes more accurately the principle eigen vector. eNB can also rely on both rank one and rank two reports for SU-MIMO scheduling. We believe the MU-PMI proposed in [3] can still be applied if UE is configured with two CSI reporting processes. In this case, eNB does not need to indicate its scheduling preference in a dynamical fashion. This can be viewed as a further optimization of assigning two processes to different ranks. UE can optimize one CSI reporting process for SU-MIMO and the other for MU-MIMO leveraging both the rank one and rank two codebooks.
I. CSI search method for SU-MIMO
The PMI search algorithm for a given rank can be described as:
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where  
is the codebook of rank 
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,  is the measured channel matrix of one subcarrier , 
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 is the best PMI for rank  and 
[image: image11.wmf]c

 is the interference covariance matrix.  After UE determines the best PMI for each rank, it can select the best rank using the following equation:
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And UE reports the best rank and the best PMI/CQI for the best rank. The described algorithm can maximize the capacity of SU-MIMO.
II. CSI search method for MU-MIMO
UE searches the best PMI of rank one and rank two using each column of one codeword as a rank one precoder according to the following equation:
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where  
is the codebook of rank 
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,  is the measured channel covariance matrix of one subband , 
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 is the best PMI for rank and 
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 is the best column index for the best precoder of rank 
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After UE determines the best PMI for rank one and rank two, it determines the best rank as follows:
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UE reports the best rank and the best PMI/CQI for the best rank. The described algorithm can maximize the capacity of MU-MIMO.
It can be seen that in order to maximize the channel capacity using an MU-MIMO optimized search method, the nesting property can be relaxed.
3 CQI calculation methods

Other than the code word search methods which can be optimized for SU-MIMO or MU-MIMO, other enhancements like IMR based interference measurements or MU-CQI based offsets are also proposed to capture the CQI mismatch caused by MU-MIMO interference when eNB is performing MU-MIMO transmission [4].
We believe those enhancements are easier to implement if UE is configured with more than one CSI process and the additional process is dedicated for MU-MIMO transmission.
4 System level results using the FTP traffic model
In this section we report how much additional gain can be achieved by optimizing the codebook search method for the same codebook. In the evaluations, we tested the following two codebooks: 1) Rel-8 4Tx codebook and 2) Rel-12 new 4Tx codebook based on the Rel-10 8Tx dual codebook structure with beam dependent phase rotation of the co-phasing alphabet as proposed in [1]. Table 1 and 2 present the results of FTP traffic model withλ=2.5 and different antenna configurations.
Table 1: FTP throughput (λ=2.5) comparison for small spaced cross polarized antennas, 80% indoor

	
	5%-ile UE throughput(kbps)
	50%-ile UE throughput(kbps)
	RU

	Rel-8 codebook
	4111
	12698
	51%

	Rel-8 codebook with MU-PMI
	4711 (+14.6%)
	12987(+2.27%)
	49%


Table 2: FTP throughput (λ=2.5) comparison for uniform linear array, 80% indoor

	
	5%-ile UE throughput(kbps)
	50%-ile UE throughput(kbps)
	RU

	Codebook in [1]
	4137
	12539
	48.9%

	Codebook in [1] with MU-PMI
	4535 (+9.6%)
	12945(+3.24%)
	47.4%


From the simulation results for the codebooks presented in Table 1 and 2, the system throughput gain achieved by optimizing the codeword search methods seems to be codebook agnostic. Thus we can draw the following observation.
Observation: Optimizing codewords search methods for SU-MIMO and MU-MIMO separately can provide significant additional gain using the same codebook.
Based on this observation we propose:

Proposal: Define eNB signaling to indicate whether UE should optimize the CSI calculation for maximizing its own link capacity or minimizing the principal eigen beam quantization error using rank 1/2 codebooks. 
5 Conclusion
In this contribution, we have shown that significant additional system level throughput gain can be achieved by optimizing the CSI calculation methods using the same codebook. Since only the eNB is aware of the dynamic traffic situation of all active UEs, the best way is for the eNB to indicate to each active UE this situation. Depending on how many CSI processes a UE is configured, different signalling can be defined. For example if UE is configured with two CSI processes, one way is to add one attribute to the CSI process to indicate whether UE shall maximize its own link capacity or minimize the quantization error of the principle eigen beam. Our proposal is summarized as follows:
Proposal: Define eNB signaling to indicate whether UE should optimize the CSI calculation for maximizing its own link capacity or minimizing the principal eigen beam quantization error using rank 1/2 codebooks. 
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