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1. Introduction

In the previous meetings, a number of proposals on 4Tx codebook enhancement were simulated. Most companies show some limited gain over the already specified Rel.10 4Tx codebook which suggests that codebook enhancement in and on itself offers limited potential gain. This is especially true in scenario A and C which are of the highest priority.

In this contribution, we provide our initial performance evaluation of 4Tx codebook enhancements in Scenario A and C. The simulation assumptions are based on the agreed upon framework in [1].  
2. System Level Simulation
The following prioritized scenarios are evaluated in this contribution.
A. Macro cell:  
· Cross-polarized macro-sites
· 20% users dropped outdoor, 80% users dropped indoor
C.  Outdoor small cell(s) with localized antennas
· C1: with macro cell on the same carrier frequency, 
· no coordination between the low-power Tx points, nor with the macro
· C2: with macro cell on an adjacent carrier frequency, 
· no coordination between the low-power Tx points, nor with the macro
· macro cells are taken into account in the cell selection process
· all users dropped outdoor
The detailed assumptions are given in the Appendix. 
The 4Tx double codebook structure is evaluated against the Rel.10 4Tx codebook as a baseline. The proposal in [2] is used as an exemplary double-codebook scheme which should represent a competitive codebook enhancement proposal for dual-polarized antenna scenarios. 

The results are shown in Table 1. Notice that the gain offered by the “enhanced” 4Tx codebook in [2] over the Rel.10 design is marginal (in the range of 0 - 4 % in terms of average cell throughput). This is not surprising as it is well inline with the findings during the Rel.10 timeframe. Note that the codebook in [2] is designed with dual-polarized antenna configuration in mind. Hence it should represent a best-case scenario. Even in such scenario, however, the marginal gain does not seem to justify the additional efforts in specifying a new 4Tx codebook. 
Table 1 System-Level Simulation Results
	Scenario
	Codebook 
	Cell average
	Cell-edge

	A
	Rel.10 
	2.085 (0.0%)
	0.099 (0.0%)

	
	DCB
	2.131 (2.2%)
	0.103 (4.0%)

	
	DCB + mode 3-2
	2.158 (3.5%)
	0.104 (5.0%)

	C1
	Rel.10 
	3.167 (0.0%)
	0.138 (0.0%)

	
	DCB
	3.272 (3.3%)
	0.149 (7.9%)

	
	DCB + mode 3-2
	3.277 (3.5%)
	0.156 (13.0%)

	C2
	Rel.10 
	4.442 (0.0%)
	0.218 (0.0%)

	
	DCB
	4.513 (1.6%)
	0.228 (4.6%)

	
	DCB + mode 3-2
	4.539 (2.2%)
	0.235 (7.8%)


In addition, the following observations are noted:
· The underlying assumption of double-codebook is the presence of a wideband antenna correlation matrix. For the prioritized case of uncorrelated (less-correlated) antenna which is of particular interests to the operators [4], the gain is expected to be further diminishing as the antenna correlation becomes an identify matrix.
· The average geometry in small-cell deployment is much higher than that in the macro scenario [3]. As geometry increases, SU-MIMO outperforms MU-MIMO as shown in [5] and becomes the most frequently used transmission scheme, which is intuitively expected. It is well known that performance gain from increased codebook granularity is even smaller for SU-MIMO than for MU-MIMO. Hence, in small-cell deployment, any gain from codebook enhancement is expected to be further reduced.
3. Conclusions
In this contribution, we presented some preliminary system-level simulation results in scenarios A and C. We simulated one supposedly competitive 4Tx codebook enhancement proposal aimed at dual-polarized antenna configuration and compared the results with those for the Rel.10 4Tx codebook. It is found that the gain offered by the “enhanced” proposal is marginal. Based on such results, we still have not seen any sound justification for supporting any 4Tx codebook enhancement. A more competitive 4Tx codebook proposal remains to be seen during this study item period.   
Appendix: simulation assumption

Table 2 Simulation assumptions

	Parameter
	Value

	Cellular layout
	Hexagonal grid with wrap around, 
19 sites, 3 sectors per site, 500m ISD

	Deployment scenario
	Scenario A:  homogenous macro-only

Scenario C:  heterogeneous macro and low-power node
· 4 outdoor low power nodes in each macro area



	Antenna configuration
	4 Tx x-pol (-45o, 45o) at macro/LPN
2 Rx x-pol (0o, 90o) at UE

	Antenna spacing
	0.5 lambda at macro/LPN

	Number of UEs per cell
	Scenario A: 10 UE dropped per macro area

Scenario C: 30 UE dropped per macro area according to Case 4b in CoMP scenario 3/4 

	Indoor / outdoor distribution
	Scenario A: 20% UE outdoor, 80% indoor

Scenario C: all outdoor

	Channel model
	ITU urban macro to macro

ITU urban micro to LPN

	Carrier frequency
	A/C1: 2.00 GHz

C2: 2.00 GHz for macro, 2.01 GHz for LPN

	MIMO scheme
	dynamic SU/MU switching

	Transmission scheme
	MU-MIMO with maximum 2 UE, 1 layer per UE

	MU-MIMO scheme
	zero-forcing beamforming

	Link adaptation 
	non-ideal

	Receiver
	MMSE IRC

	Feedback
	PUSCH mode 3-1, 6 PRB CQI subband, wideband PMI

4-bit CQI quantization per TS 36.213

	Feedback periodicity
	10 ms

	Feedback delay 
	6 ms

	CSI-RS measurement error
	modelled

	Flash light effect
	modelled in all cells

	Traffic model
	full buffer

	HARQ
	max 3 retransmission

Chase combining
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