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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 based on UE feedback will be still an important technology as in LTE R8 for downlink transmission. In RAN1 57# meeting, some decision about precoding feedback 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 this contribution, three feedback schemes are discussed for LTE-A downlink transmission:
· Implicit channel state information feedback
· Explicit quantized channel feedback
·  SRS based non-codebook feedback
2. Discussion
2.1. Implicit precoding feedback based on PMI
As a basic precoding feedback scheme in LTE R8, PMI based precoding feedback is also supported in LTE-A with new codebook for 8 transmit antennas[1]. The CQI/RI/PMI estimation as well as feedback format can reuse that of close loop precoding in LTE Release8 just with extended overhead since the size of codebook and value of rank may increase to match more complicated channel condition in LTE-A.
However, considering that in LTE-A the demodulation in downlink relies on DMRS rather than CRS as in LTE Rel-8, the precoding vectors are not necessarily codebook-based. BS can decide the precoding matrix regardless of PMI feedback. Then PMI based feedback, which informs precoding information instead of channel information, will restrict the flexibility of precoding as well as the precoding gain. Furthermore, there is limitation in the application of PMI feedback in MU-MIMO and CoMP.
Advantage:

· Backward compatibility to LTE Release8: feedback format of LTE can be reused.
· Relatively small feedback overhead.
Disadvantage:
· Precoding gain is restricted due to limited size of codebook

· Difficult to be applied in MU-MIMO and CoMP scenarios.
2.2. Explicit quantized channel feedback
To make full use of the flexibility of precoding in LTE-A, non-codebook precoding based on CSI feedback from UE can be considered as one candidate. With CSI feedback from UE, BS can calculate the RI and precoding matrix freely to maximize system performance, and then decide MCS according to CQI feedback and actual precoding vectors. Accurate rank adaption and link adaption considering precoding gain can be performed in BS to match the effective channel. Feedback of channel information also allows transparency in feedback for SU-MIMO, MU-MIMO and CoMP, and then dynamic SU-MU mode switching and corresponding rank adaption as well as dynamic joint transmission among cells can be supported. With great benefits for obtaining CSI at transmitting side, two feedback approaches can be considered: explicit quantized channel feedback and SRS based feedback. 
By explicit quantized channel feedback, CSI is measured on downlink CSI-RS and then quantized channel information is fed back to BS. The demand for frequency selective scheduling for higher spectral efficiency and increasing number of transmit antennas will increase the amount of feedback, so feedback compression and feedback encoding are needed to reduce the feedback overhead.  In [2], differential quantization is introduced based on time correction and frequency correction of channel to quantize only the change of channel information in different time and subbands. According to multi-codebook description method introduced in [3], channel information in different time and subbands can be quantized by different codebooks, and optimal combining may be achieved through linear (MMSE) filtering of channel state feedback corresponding to different codebooks with the proper choice of filter parameters consistent with UE mobility. Wavelet transformation supports different time/frequency resolutions, and may also be a flexible alternative to the existing subband reporting. Feedback coding approach such as source coding and adaptive bit allocation (e.g. well known greedy principle) can also help to reduce the source bits of quantization overhead. 
Channel prediction is a way to reduce the feedback frequency with semi-static assumption of channel state between feedback interval, and more accurate predicted CSI is available compared to previous feedback CSI[5]. In some scenarios such as low-rank SU-MIMO or MU-MIMO feedback, quantization of channel eigenvectors or channel direction information instead of the whole channel matrix or channel correlation matrix is enough for BS to calculate precoding matrix with smaller overhead.
However, to make sure the accuracy of channel information feedback especially for high rank transmission, feedback overhead and quantization complexity would be still rather considerable compared to LTE Release 8. Assuming that a channel correlation matrix of M×M dimension is fed back, there are (M+
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) bits are needed to quantize the whole matrix. For example, if k=4 and M=8[5], the feedback overhead without compression would be 256 bits every feedback period. Even with feedback compression, the feedback overhead would still be tens of bits, much larger than feedback in Release 8. Considering the overhead and complexity, CSI based on channel reciprocity, so-called non-codebook based precoding feedback, would be attractive. 
Advantage:

· Flexible pre-processing and accurate link/rank adaption can be performed in BS to optimize the system performance
· Feedback compatibility of SU-MIMO, MU-MIMO and CoMP.
Disadvantage:
· Considerable feedback overhead and quantization complexity.
· Precoding loss due to quantization error
2.3. Sounding based non-codebook feedback
As discussed in another contribution on channel reciprocity[8], channel reciprocity is available in most scenarios of LTE-A TDD system as well as FDD system. With channel reciprocity downlink CSI can be obtained from sounding reference signal in uplink without any feedback overhead and quantization complexity. Avoiding the quantization process of channel information, non-codebook based feedback has many benefits compared to explicit quantized channel feedback, such as more accurate CSI and more frequency selective gain with smaller precoding granularity, which help to obtain the full precoding gain of non-codebook based precoding. 
Statistical CSI in time domain or frequency domain can be introduced to overcome the non-ideal issues of channel reciprocity such as sounding error, calibration error or partial CSI in uplink[8].  Channel prediction as in explicit quantized channel feedback is also an effective method to get accurate CSI even with large feedback delay.
Advantage:

· Without any feedback overhead and quantization complexity

· Accurate CSI is available from uplink sounding without quantization error, and then flexible pre-processing and accurate CQI/RI calculation can be performed in BS to optimize the system performance
· Smaller precoding granularity is allowed to obtain frequency selective gain

· Feedback compatibility of SU-MIMO, MU-MIMO and CoMP.
Disadvantage:
· More sensitive to non-ideal issue such as partial CSI which will weaken the precoding gain.
· Only long term channel reciprocity is available in FDD system.
2.4. SU-MIMO Performance
To assess the performance of different feedback schemes, some link-level simulations on downlink SU-MIMO are performed. In the following results, different simulation scenarios are assumed. Some basic assumptions along with the simulation parameters in Table 1 are considered.
Table 1, Simulation parameters

	Parameter

	Assumption

	Antenna configuration
	4x2 with unitary linear array
8x2 with cross-polarized array

	Distance of BS antennae
	10 lambda for 4x2
0.5 lambda for 8x2

	Distance of UE antennae
	0.5 lambda

	Bandwidth
	5M

	Channel model
	SCM-UrbanMacro

	Precoding and feedback scheme
	PMI based precoding and feedback (the same codebook as LTE R8 for 4tx, codebook in[9] from Motorola for 8tx) 
Non-codebook based precoding and feedback based on SRS (10dB sounding noise,5ms delay)
Non-codebook based precoding based on explicit quantized channel feedback(without CSI compression)

	Calibration error
	(-10,10) degree random phase error

Random power error with maximal 2dB power offset

	MCS 
	Refer to 36.213

	Channel code
	Turbo code

	HARQ retransmission number
	4

	Carrier frequency
	2.0 GHz

	Receiver 
	MMSE

	CQI/PMI estimation
	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


For PMI based feedback, close loop spatial multiplexing in LTE R8 is reused with DMRS for demodulation. The same eigen-value decomposition is performed in BS for both explicit quantized channel feedback and non-codebook based feedback. The channel information in the form of channel correlation matrix is quantized directly using a simple uniform quantizer in explicit quantized channel feedback, with 3 or 4bits to quantize real part and imaginary part respectively for each entry in the matrix. 
Figure 1-4 compare the performance of different feedback schemes in 4x2 and 8x2 antenna array for TDD system. With better precoding matrix, non-codebook based precoding outperforms PMI based precoding in all scenarios. In spite of the feedback overhead, non-codebook precoding based on explicit quantized channel feedback is still a little worse than SRS based feedback due to quantization error especially in high SNR scenario. The performance of explicit quantized channel feedback is weakened along with smaller quantized bits for each element (e.g. 3bits/element in figure1-2), larger feedback and precoding granularity (e.g. granularity=2 as in figure1-2) as well as larger rank (figure2). Even with calibration error and sounding error, non-ideal non-codebook based precoding feedback still shows best performance.
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Figure 1: Performance comparison of different feedback schemes for TDD system (4x2 rank=1, ‘gran’ means the same precoding granularity as feedback granularity in PRB)
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Figure 2: Performance comparison of different feedback schemes for TDD system (4x2 rank =2)
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Figure 3: Performance comparison of different feedback schemes for TDD system (8x2 rank=1)
[image: image7.emf]0 5 10 15 20 25

0

1

2

3

4

5

6

7

8

Es/No in dB

Throughput in bps/hz

Performance of different feedback mechanism for 8x2 dual-layer transmission

 

 

Non-codebook based(gran=1,ideal)

Non-ocdebook  based(gran=1,non-ideal)

Explicit feedback(gran=1,4bits/element)

PMI based(gran=1,4bits codebook)


Figure 4: Performance comparison of different feedback schemes for TDD system (8x2 rank=2) 
3. Summary
This contribution presented three feedback solutions for LTE-A downlink MIMO. PMI based feedback is a simple expansion of feedback scheme in LTE Release 8 with limited precoding gain and application scenarios. Explicit quantized channel feedback can ensure the downlink CSI available to BS in all kinds of scenarios at the cost of considerable feedback overhead and quantization complexity. Non-codebook based feedback provides better performance without any feedback overhead and quantization complexity, but heavily relies on the channel reciprocity which may not be available in some scenarios. In one word, all the three feedback schemes can be considered for LTE-A downlink transmission, while the latter two schemes are better in keeping a unified feedback mechanism for SU-MIMO, MU-MIMO and CoMP.
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