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1. Introduction
Downlink high-order MIMO has been discussed in many contributions as an important technology evolution to increase downlink system capacity in LTE-A. Precoding technology will be still an important technology as in LTE R8 for downlink transmission. In RAN1 57# meeting, some decision about precoding is made as follows:
· Codebook-based precoding feedback for single cell SU-MIMO as working assumption

· Continue discussion in relation to COMP feedback, MU-MIMO discussion
· Continue discussion about possibility of not having codebook-based precoding feedback

In order to make full use of channel reciprocity to improve system performance, non-codebook based precoding and feedback can be introduced to LTE-advanced system. In this contribution, we analyze the feasibility and advantages of non-codebook based precoding and feedback in LTE-A system. 
2. Discussion
2.1. Channel reciprocity based CSI
For TDD system, channel reciprocity is obvious in most of the scenarios even if it may more or less suffer from non-ideal antenna calibration and sounding error. As a technology which had been put into practice in LTE, antenna calibration is effective on restricting the amplitude error and phase error of channel state information to a small extent. The effect of channel estimation error and delay of sounding on channel covariance matrix is also insignificant. Corresponding issues can be found in contribution [3][4]. Furthermore, precoding based on channel decomposition such as SVD is robust enough to allow some extent of channel information error.
For FDD system, exploitation of channel reciprocity is also feasible. It is well known that channel covariance changes much more slowly than the coherence time and bandwidth of the channel. Hence, if an eNodeB measures the spatial channel covariance matrix for a particular UE on uplink transmissions, the above frequency translation property and reciprocity states that the same covariance can be used in the downlink signal processing. Therefore for FDD system, downlink channel covariance matrix can be obtained from uplink SRS or DMRS. Specific details can be found in contribution [6]which also shows that the CSI estimation error by channel reciprocity is very small.
2.2. Non-codebook based precoding vs. Codebook based precoding
In non-codebook based precoding, reciprocity property of TDD and FDD system is fully exploited. The BS can estimate the channel information by the uplink reference signals and then calculate precoding matrix as well as rank based on uplink channel covariance matrix. In codebook based precoding for SU-MIMO, codebook is selected in UE based on downlink CRS or CSI-RS estimation and fed back to BS. The codebook is used directly as precoding matrix. 
In non-codebook based precoding, the precoding matrix is obtained without any quantization error, so it is perfect in matching the actual channel; in contrast the quantization error of codebook based precoding is great due to very small codebook size for PMI. Moreover, the singling overhead of PMI feedback in codebook based precoding can be avoided in non-codebook based precoding. In order to reduce the feedback overhead, larger granularity of codebook feedback could be considered at the cost of loss in performance. Utilizing instantaneous full channel information, finer subband precoding can bring significant gains for non-codebook based precoding.
On the other hand, in LTE-A it is already agreed that the demodulation in downlink is all based on DMRS rather than CRS as Rel-8 LTE. Therefore in non-codebook based precoding in LTE-A downlink, there is no additional RS overhead compared with codebook based precoding.
Non-codebook based precoding has obvious gain compared with codebook based precoding due to accurate channel information in transmitter, less signaling overhead and smaller precoding granularity with the same RS overhead.
2.3. Non-codebook based feedback vs. explicit quantized channel feedback
In non-codebook based feedback, CSI is obtained based on channel reciprocity property as mentioned before. In explicit channel feedback, quantized channel information based on downlink CRS or CSI-RS is fed back to BS. Difference from codebook based precoding, the precoding matrix calculated by the explicit quantized channel feedback can be non-codebook based . 
Though the precoding error of explicit quantized channel feedback is smaller than codebook based precoding as the full channel information is quantized, there is still inaccurateness of CSI compared to non-codebook based feedback. Furthermore, to quantize the whole downlink channel, large feedback overhead should be introduced with the result that the feedback overhead and quantization complexity would be rather considerable. To minimize overhead means to decrease the feedback granularity, this on the other hand will lead to loss in overall performance. 
Avoiding the quantization process of channel, non-codebook based feedback has many benefits compared with explicit quantized channel feedback.
3. Performance Evaluation
3.1. Simulation assumption
To assess the performance of codebook based precoding and non-codebook-based precoding, some link-level simulations are performed. In the following section, different simulation scenarios are assumed. Some basic assumptions along with the simulation parameters in Table 1 are considered in the simulations.
Table 1, Simulation parameters

	Parameter

	Assumption

	Antenna configuration
	2x2,4x2 

	Distance of BS antennae
	10 lambda

	Distance of UE antennae
	0.5 lambda

	Bandwidth
	5M

	Channel model
	SCM-UrbanMacro

	Channel information
	Codebook based feedback (the same as LTE R8 Codebook) or Sounding based feedback for non-codebook(5ms SRS delay)

	MCS 
	Refer to 36.213

	Channel code
	Turbo code

	HARQ retransmission number
	4

	Carrier frequency
	2.0 GHz

	Receiver 
	MMSE

	CQI/PMI 
	Perfect,5 ms delay

	DMRS estimation 
	Perfect

	Codeword number
	1/2

	Layer number
	1/2 

	Scheduled resource  block
	6 RB

	Precoding granularity 
	1

	Pilot overhead 
	2 symbol for each subframe

	UE mobile speed
	3km/h


3.2. Simulation results
Figure1-4 compare the performance of non-codebook based precoding and codebook based precoding with different antenna arrays and ranks. With perfect precoding matrix, noncodebook based precoding outperforms codebook based precoding in all scenarios. With rank=1 non-codebook outperforms codebook about 0.5dB in 2x2 antenna array and 1.25dB in 4x2 cases. With rank=2, about 2-3dB gain from noncodebook is observed in 4x2 cases, while more gain can be obtained in 2x2 case because of small codebook for rank 2 in 2x2. 
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Figure 1: Performance comparison of codebook and noncodebook based precoding for 2x2 rank=1
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Figure 2: Performance comparison of codebook and noncodebook based precoding for 2x2 rank =2
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Figure 3: Performance comparison of codebook and noncodebook based precoding for 4x2 rank=1
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Figure 4: Performance comparison of codebook and noncodebook based precoding for 4x2 rank=2
4. Conclusion

This contribution presents a precoding and feedback solution for LTE-A downlink SU-MIMO. As a basic feature, channel reciprocity can improve system performance significantly. As presented in section 2, non-codebook based precoding and feedback has many advantages over codebook based precoding and explicit quantized channel feedback. The simulation in section 3 also shows significant benefits of non-codebook based precoding over codebook based precoding. Hence, we propose that non-codebook based precoding and feedback shall be a baseline in the evolution of LTE-A system.
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