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1 Introduction
A Downlink MIMO enhancement study item description was agreed at RAN#51[1], one of whose objectives with first priority is as follows:
· Identify the need for DL MIMO enhancements, and evaluate such enhancements, applicable to non-uniform network deployments, low-power nodes (including indoor), relay backhaul scenarios, and practical antenna configurations (especially 4 Tx, and including geographically-separated antennas i.e. macro-node with low-power RRHs), including:
· Evaluate UE CSI feedback enhancements, including:

· Identify and evaluate techniques for CSI feedback accuracy enhancement, especially for MU-MIMO.
· New codebooks or techniques for codebook selection, modification or update may be included, considering different environments and deployment scenarios.

· Assess the standardisation impact of the studied techniques, including impact on CSI payload sizes. If relevant feedback proposals are not directly implicit in nature, the study of testing aspects should be included. 
· […]
This contribution presents our views on CSI feedback enhancement considering different environment and deployment scenarios in the framework of this study item.
2 CSI feedback enhancement for homogeneous scenarios
Homogenous macro deployment was the main scenario in mind during the design of Rel-8 MIMO and subsequent MIMO enhancements in Rel-10. CSI feedback accuracy at the eNB is improved for the 8-tx antenna case. No CSI feedback enhancement has been actually performed for the 2/4-tx antenna case. Less than 8 tx antennas will be employed in many deployment scenarios. Therefore, it is important to further study the CSI feedback enhancement for less than 8 tx antenna configuration at eNB, especially for the 4-tx antenna case.

To evaluate the potential of CSI feedback enhancement of 4-tx antenna configuration at eNB, the following two cases were evaluated: 
· Ideal CSI feedback:  The eNB has non-quantized channel state information with 5 ms delay except that CQI is quantized according to 4-bit CQI table in LTE Rel-8/10.
· Rel-8 codebook based CSI feedback: The CSI is quantized using Rel-8 codebook with 5 ms delayand CQI is quantized according to 4-bit CQI table in LTE Rel-8/10.
A system level simulation has been conducted and the simulation assumption is given in appendix. The simulation results are as follows
Table 1 Potential performance gain of CSI feedback enhancement over Rel.8 

	Antenna 
Configuration
	Quantization
	Cell average SE
(bps/Hz)
	5% Cell edge SE
(bps/Hz)

	X-Pol 0.5
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(xx->+ channel)
	Rel-8
	2.60
	0.0941

	
	Ideal
	3.40(30.77%)
	0.114(21.15%)

	X-Pol 4.0
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(x  x->+ channel)
	Rel-8
	2.24
	0.0776

	
	Ideal
	2.91(29.91%)
	0.099(27.58%)


Observation

· About 30% gain in cell average SE and more than 20% gain in 5% cell edge SE over Rel.8 codebook can be potentially acquired by an ideal CSI feedback for macro cell with 4Tx cross-polarized configuration. 

The above evaluation shows that CSI feedback enhancement can bring large performance gain for typically deployed cross-polarized antenna configuration. 
In Rel.10, implicit feedback (PMI/RI/CQI) is maintained as in Rel.8 where UE spatial feedback for a subband represents a precoder and CQI computed is based on the assumption that eNodeB uses the UE selected precoder(s). It can simplify the consistent UE behaviour and maintain the existing RAN4 CSI feedback testing. On the contrary, explicit feedback does not use any hypotheses of transmission and/or reception processing and the report generally consists of a channel part and a noise-and-interference part, which is more beneficial to MU-MIMO operation. However, more efforts are needed for standardisation including trade-off between performance gain and feedback overhead, impacts on UE procedure and RAN4 testing.  So we have the following
Proposal

· Strive for implicit feedback enhancements,
· Explicit feedback is not precluded and FFS 
The dual codebook structure was introduced in Rel.10 to improve feedback accuracy without excessive overhead increment. Furthermore, the related reporting modes on PUCCH and PUSCH were well established. So we have the following
Proposal
· Dual codebook based CSI feedback enhancement for 4Tx configuration should be considered.
As dual codebook based CSI feedback candidate scheme for 4-tx antenna configuration, adaptive codebook (AC) [2] and differential codebook (DC) [3] were proposed during Rel.10 discussion. However, due to time pressure for 3GPP progress in Rel-10, only CSI feedback enhancement for 8-tx antenna case was included. Not enough efforts have been put to evaluate their performance gain with different simulation condition and reporting modes. The initial simulation results show that AC has potentially 13.2% gain in cell average SE and 15.7% gain in cell edge SE for X-Pol antenna configuration with 0.5 lambda antenna spacing. Also, more than 10% gain in both cell average SE and cell edge SE can be observed for DC with additional 3bit codebook for ULA and X-Pol antenna configuration with 0.5 lambda antenna spacing. Therefore, we have 
Proposal
· Adaptive codebook and differential codebook are very promising schemes for CSI feedback enhancement for 2/4Tx antenna configuration. Detailed design can be FFS.
3 CSI feedback enhancement for heterogeneous scenarios
Different from homogeneous macro scenario, heterogeneous deployment is not directly targeted by the CSI feedback enhancement in Rel.8/10. It would therefore be beneficial to study and optimize CSI feedback enhancements and hence improve the MIMO performance for heterogeneous deployments.

The two heterogeneous deployment scenarios have been identified for CoMP evaluation [4]:
· Scenario 3: Heterogeneous network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have different cell IDs from the macro cell

· Scenario 4: Network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell.

Although the simulation assumption for the above two scenarios have been given in [4], further clarification is needed to go ahead, especially for indoor deployment. So we have 

Proposal
· Further clarify the simulation assumption for non-uniform network, especially indoor deployment. 

During discussion in Rel.10, it was agreed that individual per-cell feedback is considered as baseline, and complementary inter-cell feedback may be needed for the CoMP schemes that require feedback. Therefore, 
Multi-cell CSI feedback design for CoMP such as hierarchical feedback depends on single cell CSI feedback for MIMO. Therefore we have 
Proposal

· Pursue consistent and unified CSI feedback design for MIMO and CoMP.
The channel conditions especially for low-power node deployments in above scenario typically differ from what is normally encountered in homogeneous macro scenario. A generic codebook with codewords suitable for multiple different environment and scenarios implies a large codebook size. Although the dual codebook structure facilitates the improvement in CSI accuracy and avoidance of excessive overhead increment, more codewords should be included to cope with the new scenarios. Furthermore, a set of codewords suitable for one scenario or antenna configuration may be completely useless for another one. Therefore, a separate codebook for scenarios or antenna configuration may be desirable. For specific scenarios or antenna configurations, a specific codebook can be very effective in performance and overhead. Different codebook for different scenario can overlap but the organization of the codebooks should facilitate the feedback signalling design. Based on the above discussion, we have the following
Proposal

· New codebook design to cope with different environments should be considered
· For example, separate codebook for individual scenarios
4 Conclusion
In this contribution, CSI feedback enhancement considering different environment and deployment scenarios was discussed. Based on the simulation evaluation and the discussion we have the following 
Observation

· About 30% gain in cell average SE and more than 20% gain in 5% cell edge SE over Rel.8 codebook can be potentially acquired by an ideal CSI feedback for macro cell with 4Tx cross-polarized configuration. 

Proposal

· Strive for implicit feedback mechanism, explicit feedback is not precluded and should be FFS. 
· Dual codebook based CSI feedback enhancement for 2/4Tx configuration should be considered

· Adaptive codebook and differential codebook can be as candidates. Detailed design can be FFS.
· New codebook design to cope with different environments should be considered, For example, separate codebook for individual scenarios
· Consistent and unified CSI feedback design for MIMO and CoMP should be pursued
· Further clarify the simulation assumption for non-uniform network, especially indoor deployment. 
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6 Appendix – System level simulation assumptions

	Parameter
	Value

	Channel models
	3GPP Case 1 Spatial Channel Model Extended (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
	48RBs

	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. 
Exhaustive search for SU/MU MIMO switching based on PF metric of a single UE or sum of PF of the co-scheduled UEs.
Rank overriding based on CQI

	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

power adjustment for MU-MIMO

	Feedback Delay
	4ms

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

CQI measurement error: N(0,1dB) per half-PRB

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

	Overhead
	3 symbols for DL CCHs in the 4 normal subframes and 2 symbols for DL CCHs in the 6 MBSFN subframes; one port CRS in the 4 normal subframes and no CRS in the 6 MBSFN subframes; CSI-RS with muting (i.e., 4 REs/PRB/5ms×3 cell for 4 ports); DM-RS with 12 REs (for rank 1) per PRB.
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