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1 Introduction
To support the peak spectral efficiency targets, it is necessary to define eight antenna ports at the eNB and to define the corresponding codebook and signalling for transferring the preferred precoding matrix from the UE to the eNB. Besides having good performance it is also important to ensure an efficient feedback of the PMI when frequency selective (per subband) PMI feedback is used. Furthermore, since the dimensionality of the channel state is greatly increased compared to Rel.8, it becomes important to utilize the underlying MIMO channel structure and long term characteristics by prioritizing the most likely antenna setups in the codebook and feedback design.    
In meeting #60, a feedback framework [1] was agreed which states that a precoder for a subband composed of two matrices and each of the two matrices belongs to a separate codebook. One way to further concretize this agreement is by the following double codebook structure 
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where 
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 is the precoding matrix and the two matrices 
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are taken from two different codebooks respectively. Hence, the two codebook indices 
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 jointly determines the precoding matrix. The agreement [1] also states that one of the two matrices targets wideband and/or long-term channel properties whereas the other targets frequency-selective and/or short-term channel properties. In the codebook design discussed in this contribution, we target frequency selective precoding feedback and therefore assume that 
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wideband and 
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 is selected per subband. 
2 Codebook design

Here follows a discussion of the codebook design for eight antenna ports and for ranks up to four. Extensions to ranks above four (for UEs with eight RX antennas) is possible but will not be discussed in this contribution.
2.1 Codebook for the wideband matrix 
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The codebook for eight antenna ports should utilize the fact that dual polarized antennas is the most likely antenna setup for this large number of transmit antennas. Hence, performing precoding for each of the two polarization separately and then co-phase the two polarizations is an attractive approach. The wideband matrix 
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 should therefore contain precoding vectors for each polarization. This can be described through the use of a block-diagonal matrix 
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 as shown in (2). Since the co-phasing of the two polarizations is believed to be of more narrowband nature, the co-phasing is then done per subband by using the matrix
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. 
Furthermore, selecting a wideband precoding matrix/vector for eight antenna ports over a 20 MHz LTE bandwidth introduces a very challenging task in the RF implementation. The reason is the timing misalignment between RF chains which, even if it is small, gives a significant phase difference over the 20 MHz bandwidth.  As an example, one sample delay (32.5 ns) between two antenna ports gives 234 degrees phase rotation over 20 MHz bandwidth which makes it basically meaningless to select a wideband precoding vector. Since wideband precoding is part of Rel.8, it is expected that sufficiently low timing alignment of up to four antenna ports is feasible in implementation, but extending this to eight antenna ports is a challenging task. To simplify implementation, the wideband precoding could be selected over each group (e.g. polarization) of four antennas individually so that the demands on the time alignment between RF branches is kept the same as in Rel.8 (within four antenna ports) and the linear phase shift induced by time misalignment between the two groups is captured in the subband feedback 
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This further motivates the adoption of the following block diagonal structure of a wideband matrix in the rank 
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where the matrix 
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 which is a 
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 matrix that performs wideband precoding for antenna ports with the same polarization. Note that it is not necessary that 
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 has orthogonal columns since it is not the final precoding matrix (
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 should of course be unitary). Better performance has been observed without the   restriction of enforcing orthogonality to the matrix 
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 contains phase factors 
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 which captures the wideband phase relation between the two polarizations. Note that this structure is not exclusively applicable to dual polarized antennas but also applies to uniform linear arrays. 
A further benefit of the structure in (2) is the use of the feedback for MU-MIMO precoding design, since 
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 contains wideband and therefore somewhat more robust channel information, the information about
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could be very useful for MU-MIMO where per subband information has less value.  
2.2 The precoding matrix 
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As mentioned above, the final, dual index precoding matrix is obtained by per subband co-phasing of the wideband precoding matrices for each polarization direction (or for each group of four antenna ports in case of ULA). As an example, the rank-1 codebook may then be written as
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(3)
where 
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is the per subband co-phasing variable, which is a complex scalar from the unit circle. For rank 2, we have the corresponding codebook 
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Where now 
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 is a 4x2 matrix and 
[image: image30.wmf]b

Λ

 
[image: image31.wmf]n

Λ

are 2x2 diagonal matrices containing the co-phasing factors between the polarizations.  And in general for R=1,..,4 , the matrix 
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Simulation results are given in the next section and more codebook details are found in the appendix.
3 Simulation results
A MU-MIMO simulation has been performed to analyze the efficiency of the double codebook structure. Results are given in Section 3.1 below. In Section 3.2, SU-MIMO results are shown and compared to other proposed codebooks assuming 4 feedback bits are used (single subband feedback for codebook comparison purpose). 

3.1 MU-MIMO results

A system level simulation using MU-MIMO has been performed using a 4 bit double codebook structure (see codebook in Appendix A.2) where 3 bit select 
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and 1 bit select 
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. The results are shown in Table 1 below. 
The 4 bit PMI per PRB can be seen as an upper bound of performance and would need 200 bits for the 50 PRBs. Also, per PRB CQI was used, to see the effect of precoding accuracy only. Per PRB feedback of PMI plus CQI has about 25% throughput gain compared to the wideband PMI and CQI. The proposed double codebook structure reach a throughput within 1% of the upper bound using 53 bits for PMI feedback. Although a PMI feedback of 1 PRB granularity may not be practical, for instance due to measurement accuracy using CSI-RS, more studies are needed. These results nevertheless show a great potential of frequency selective PMI with small granularity and the double codebook structure that take advantage of the special properties of a dual polarized antenna array at the eNB seems promising for feedback reduction. Furthermore, if more accurate PMI is feed back, then the required CQI feedback granularity and feedback compression needs to be considered as well.  

Table 1 Results from MU-MIMO simulations using a 8x2 setup in 3 km/h UMa channel with dual polarized antennas and 0.5( antenna spacing at eNB. On average 10 UE per cell.
	
	4 bit PMI per PRB and one CQI per PRB 
	3 bit wideband PMI + 1 bit PMI per subband and one CQI per PRB
	4 bit wideband PMI and one wideband CQI

	Total PMI feedback payload
	200 bits
	53 bits
	4 bits

	Cell throughput [Mb/s]
	24.4
	24.2
	19.7

	Cell edge throughput [kb/s]
	936
	924
	707


3.2 SU-MIMO results
Link level simulations in SCME Urban macro channel with 8° and 15° angular spread was performed. Dual polarized antennas was used with 0.5( spacing at eNB and rank adaptation was enabled. No frequency selective scheduling was adopted to not to hide true differences in codebook performances. The codebook presented earlier by Huawei in [2] has been improved and is described in the Appendix. The performance of this “Huawei-old” codebook is included in the results below for reference.  
3.3 Two receive antennas at UE
For two receive antennas at the UE, a cross-pol antenna was used. The results shown in Figure 1 and 2 below for 8° and 15° angular spread (AS) respectively demonstrate some 5-7% loss for Motorola and Samsung codebooks, especially at the lower SNR range. For the other codebooks, the differences are within 1-2%
Hence, the structure provided by eq.(3),(4) have several appealing benefits and also excellent performance. It also fit the dual index feedback framework agreed in [1]. 
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Figure 1 Throughput gain [%] for 8x2 in SCME Urban Macro narrow (8°) angular spread (AS)  channel compared to the Huawei codebook described in the Appendix.
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Figure 2 Throughput gain [%] for 8x2 in SCME Urban Macro wide (15°) angular spread (AS)  channel compared to the Huawei codebook described in the Appendix.
3.4 Four receive antennas at UE
For four receive antennas at the UE, two cross-pol antennas were used, spaced 0.5(. The results shown in Figure 3 below demonstrate good performance over the whole SNR range for the new Huawei codebook, described in the Appendix. The benefits are up to 4% compared to CATT codebook [5] and 7% compared to codebook from Samsung in [4]. 

The new Huawei codebook performance for 8° angular spread was in Figure 3 used as a reference (also for 15° AS simulations).

Figure 4 shows the rank distribution as a function of SNR for the 8° AS case. 
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Figure 3 Throughput gain [%] for 8x4 in SCME Urban Macro compared to the Huawei codebook described in the Appendix for both 8° and 15° angular spread. The narrow (8°) angular spread (AS)  channel is used in the reference new Huawei codebook. 
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Figure 4 Rank distribution as a function of SNR for Huawei new codebook described in the Appendix.  8x4 antenna setup and 8° AS Urban Macro channel model.
4 Conclusion

We have discussed details of the double codebook structure for the eight antenna eNB.  It is designed for the most likely use case of dual polarized antenna arrays and that allows for an efficient use of feedback overhead bits by handling the parts with low and high coherence bandwidths separately. Simulations show superior performance despite its simplicity and we therefore propose to adopt the dual index codebook structure

[image: image42.wmf],

bnbn

=

FCW


Where 
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is taken from a codebook of block diagonal matrices where each matrix block is associated with a group of four antenna ports that may have the same polarization:
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and at least for rank up to 4 use the codebook for precoding defined as
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Where thus the matrices 
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 and 
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belong to different codebooks. Extensions of this structure to ranks above four is FFS.
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Appendix

Table 2 Matrices in the codebook example.
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A.1 SU-MIMO simulations using a 4 bit Rank 1-4 codebook with single index
The rank R=1,2,3 and 4 codebook is 
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where the matrices are found in Table 2 above Note that in these simulations, the index n has been disabled (the sub-codebook is set as
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), so only a single index b is used, since the purpose of SU-MIMO simulations in this contribution was to directly compare performance of codebooks and not to evaluate PMI feedback compression methods. 

A.2 MU-MIMO simulations

For the MU-MIMO simulations, a rank 1 dual index codebook was used , obtained as
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where b=1,..8 and n=0,1
where 
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and Table 2 has been used. Three bits are used to select 
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A.3 Extension of the 4 bit wideband codebook with double index

The 4bit wideband codebook in A.1 can be simply extended to subband with double index (b,n):
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For example, if we set 
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, then we have a 4bit wideband codebook + 2bit subband codebook by dual index structure. 

A.3 Link simulation assumptions

System model
	System bandwidth
	5MHz

	Channel Estimation
	Ideal

	Modulation and Coding rate
	AMC table from Rel.8 

	Channel Coding
	3GPP Turbo code

	Max number of HARQ retransmissions
	4

	Carrier Frequency
	2.0 GHz

	Channel Detection Algorithm
	MMSE

	CQI, PMI and Rank Feedback
	Error free

	Feedback granularity
	5 PRB

	Delay of feedback
	4 ms

	Scheduling bandwidth
	5 PRB

	Number of drops
	2000

	Scheduler
	Round robin

	Overhead
	3 control symbols (PDCCH,PCFICH and PHICH)
Reference signals for 4 LTE Rel-8 antenna ports

Reference signals for 1-4 LTE Rel-10 antenna ports (rank dependent)


Channel model

	Channel model
	SCME, Urban Macro with 8° and 15° angular spread

	UE_speed
	 3km/h

	Antenna element model
	Eight dual polarized (+45°,-45°) at eNB with antenna numbering {1234} for +45° and {5678} for -45°
Two dual polarized at UE, or
Four dual polarized at UE with antenna numbering {12} for one polarization and {34} for the alternative polarization.

	Antenna spacing 
	0.5 ( whenever applicable
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