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1 Introduction
CSI feedback enhancement for DL MIMO is agreed as one of objectives with first priority in the DL MIMO enhancement SID [1], especially for non-uniform network deployments and practical antenna configurations. The concrete evaluation assumptions for CSI feedback enhancement are further refined in the Email discussion document [2], especially the baseline and deployment scenario A-D are defined.
We have shown in contribution [3] there is a huge performance gap between with Rel.8 feedback and with ideal CSI feedback for uniform macro-cellular network deployment with 4Tx and general principles for CSI feedback herein are also discussed. In this contribution, a practical but straightforward design with preliminary evaluations will be presented based on the baseline deployment scenario and antenna configuration. Furthermore, we will present views on CSI feedback under heterogeneous network deployment.
2 A Straightforward CSI feedback design from Adaptive Codebook

2.1 Design principle
In contribution [3] we have proposed that 

· Strive for implicit feedback enhancements,
· Explicit feedback is not precluded and FFS 
· Dual codebook based CSI feedback enhancement for 4Tx configuration should be considered.
Based on the above guideline, the following adaptive codebook (AC) based CSI feedback design [4] is further considered. The UE recommended precoding matrix can be given by 


[image: image1.wmf](

)

1212

,

1

iiii

WnormWW

r

=

 













(1)

where function norm(*) obtains a matrix with columns orthogonal to each other and each column is of norm 1. Rank = r. For 2Tx, 
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is from the 2Tx codebook in LTE Rel.8. For 4Tx, 
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and 
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is from the 4Tx codebook in LTE Rel.8. It should be noted that formula in (2)-(5) are just as an example for adaptive codebook. Actually parameters such as 
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 are quite robust and can be reduced in overhead. For example, 
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 may be enough for cross-polarized and ULA antenna configuration, respectively. Overhead reduction for Parameters 
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 is also feasible without large performance degradation. 
2.2 Evaluations for uniform macro-cellular network deployment 
To evaluate the potential performance gain of above CSI feedback enhancement of 2/4-tx antenna configuration at eNB, a system level simulation has been conducted under the Homogeneous macro-cellular deployment scenario in [3].Transmission mode 9 and PUSCH mode 3-1 for CSI feedback in R10 are assumed. The detailed simulation assumption is given in appendix. 

The simulation results for 2Tx and 4Tx are respectively given in Table 1 and Table 2 as follows. Table 1 and Table 2 show the performance of AC with a large number of bits for feedback, for both PUSCH mode 3-1 and 3-2. The numbers of bits shown are just examples – for 2Tx an example is shown where the overhead is reduced without much degradation.
Table 1 2Tx Performance gain over Rel.8 feedback, AS = 8°

	antenna configuration
	Codebook
	Cell average SE
(bps/Hz)
	5% Cell edge SE
(bps/Hz)

	ULA 0.5
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	Rel-8
	2.1886
	0.0794

	
	AC(15bit+R8)
	2.7528 (25.78%)
	0.0903(13.76%)

	
	AC(15bit+R8)

(PUSCH 3-2)
	2.7681(26.48%)
	0.0932(17.40%)

	
	AC(10bit+R8),
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	2.7533(25.81%)
	0.0913(14.99%)

	
	AC(10bit+R8),
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(PUSCH 3-2)
	2.7633(26.26%)
	0.0931(17.28%)

	XPO
	Rel-8
	1.9972
	0.0586

	
	AC(15bit+R8)
	2.0477(2.53%)
	0.0618(5.39%)

	
	AC(15bit+R8)
(PUSCH 3-2)
	2.1063(5.47%)
	0.0654(11.56%)

	
	AC(10bit+R8),
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	2.0131(0.7974%)
	0.0600(2.32%)

	
	AC(10bit+R8),
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(PUSCH 3-2)
	2.0660(3.44%)
	0.0615(4.97%)


Observation:
· The adaptive codebook design shows robust performance gain with antenna polarizations
· For ULA antenna configuration with 2Tx at eNB, about 26% gain in cell average SE and 17% gain in cell edge SE can be achieved for TM 9.
· For cross-polarize antenna configuration with 2Tx at eNB, about 5.5% gain in cell average SE and 11.6% gain in cell edge SE can be achieved for TM 9

· It is likely to reduce feedback bits while maintaining promising performance gain.
Table 2 4Tx Performance gain over Rel.8 feedback, AS = 8°

	antenna configuration
	Codebook
	Cell average SE
(bps/Hz)
	5% Cell edge SE
(bps/Hz)

	ULA 0.5
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	Rel-8
	3.1616
	0.1167

	
	AC
	3.3948(7.38%)
	0.1332(14.16%)

	
	AC
(PUSCH 3-2)
	3.4016(7.59%)
	0.1343(15.08%)

	XPO 0.5
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	Rel-8
	2.5417
	0.0889

	
	AC
	2.7469(8.07%)
	0.0976(9.68%)

	
	AC
(PUSCH 3-2)
	2.8290(11.31%)
	0.1049(17.91%)

	XPO 4.0
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	Rel-8
	2.2035
	0.0749

	
	AC
	2.3030(4.51%)
	0.0808(7.84%)

	
	AC
(PUSCH 3-2)
	2.3534(6.80%)
	0.0836(11.62%)


Observation:
· The adaptive codebook design shows robust performance gain with antenna polarizations

· For ULA antenna configuration with 4Tx at eNB, about 7.6% gain in cell average SE and 15% gain in cell edge SE can be achieved for TM 9.
· For cross-polarize antenna configuration with 4Tx at eNB, about 11% gain in cell average SE and 18% gain in cell edge SE can be achieved for TM 9.
It is likely to reduce feedback bits while maintaining promising performance gain. Note ideal MMSE-IRC receiver is assumed in the simulations, more gain can be expected with practical receiver, e.g. MMSE option 2[5].
2.3 Considerations of CSI feedback enhancement for heterogeneous scenarios
The 4 heterogeneous deployment scenarios have been identified for CSI feedback evaluation for MIMO [3]:
· A. Network with low power RRHs for both outdoor and indoor within the macro cell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell (CoMP Scenario 4)

· B. Network of only small cells for both outdoor and indoor where the small cells have different cell IDs. 

· C. Network of only low power RRHs for both outdoor and indoor where the transmission/reception points created by the RRHs have the same cell IDs. 

· D. Small cells in heterogeneous deployment for both outdoor and indoor coverage (CoMP Scenario 3 with no inter-cell coordination) where low-power RRHs in macro cell coverage area have different Cell ID from the macro cell. 
For scenario B and D, each transmission point (TP) (including macro BS node and RRHs) acts as a single cell. For scenario A and C, the same cell ID configuration at different TP enables these TPs behave as a single cell. However, different TP can have different CSI-RS resource index configuration to take advantage of the high reuse factor of CSI RS defined in Rel-10. The channel conditions especially for low-power node deployments typically differ from what is normally encountered in homogeneous macro scenario. A unified CSI feedback framework with robust performance is thus preferred to support various deployment scenarios.

Further refinements and clarifications are still needed to facilitate the evaluations, especially the boundary of CSI feedback study between DL MIMO SI and CoMP SI. However, we may still expect more adaptive codebook gain with future-proof due to the statistically higher SINR in heterogeneous scenarios.
3 Conclusion
In this contribution, CSI feedback enhancement considering the practical feedback design and deployment scenarios was discussed. Based on the simulation evaluation and the discussion we have the following observations and proposals to move forward:
Conclusions
·  In uniform macro-cellular scenario, the adaptive codebook design shows robust performance gain with different antenna polarizations

· It is still likely to further reduce feedback overhead while maintaining promising performance gain

· The performance gain of adaptive codebook is expected to be increased if MMSE option 2 receiver is used

· The performance gain of adaptive codebook is expected to be higher in Heterogeneous networks due to the statistically higher SINR
Proposals
· Strive for a unified feedback framework with robust performance in various deployment scenarios
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5 Appendix – System level simulation assumptions

	Parameter
	Value

	Channel models
	3GPP Case 1 Spatial Channel Model (SCME)

	Central Frequency
	2GHz

	Fading Scenario
	Urban Macro

	Antenna configuration
	4 Tx at eNodeB with 0.5 and 4.0 lambda spacing

Cross-polarized: +/- 45 degrees

	
	2 Rx at UE with 0.5 lambda spacing

Cross-polarized: +90/0 degrees

	
	ideal antenna calibration
3D antenna pattern, with 15 degrees down-tilt

	Sample density
	15.36M sample/second

	UE Speed
	3km/h

	System Bandwidth
	50RBs

	FFT length
	1024

	Subband size
	6RBs for PUSCH mode 3-1 according to Table 7.2.2-2 in 36.213

	Scheduler
	Proportional Fair scheduling in the frequency and time domain. 

	Number of UEs per cell
	10

	MU-MIMO 

precoding technique
	Zero-forcing beamforming with maximum 4 layers

Up to two layer for each co-scheduled UE

	MCS
	according to transport formats in LTE R8

	Channel estimation
	Realistic

	Receiver
	MMSE receiver

	Hybrid ARQ
	Maximum 4 transmission

	Subband CQI feedback
	according to CQI Table in LTE R8

	Feedback Delay
	4ms

	Feedback 
	Under the assumption of SU –MIMO transmission with rank adaptation

	
	For PUSCH 3-1: CQI reporting triggered per 5ms.

	Overhead
	3 symbols for DL CCHs and DM-RS with 12 REs per PRB.
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