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1. Introduction

According to the MIMO LTE telephone conference from 1st of February the inclusion of different MIMO schemes like diversity, SDM, SDMA, etc. has been agreed to be part of the LTE study item.

The careful design of the feedback link is an important topic for a wide area MIMO FDD system due to the protocol overhead in case of a high number of antenna elements and limited Tx power of UEs. 
For optimization of the feedback link and assessment of suitable MIMO schemes for LTE it is suggested to use the throughput gain versus feedback rate curve. This curve shows the throughput in the downlink (DL) direction depending on the provided feedback rate in the uplink (UL) direction for different schemes. 
The concept is described based on a rough analysis and very first simulation results. 
2. Throughput – Feedback curve
Figure 2 shows a qualitative throughput – feedback curve. As an example a MIMO system with 2 transmit and 2 receive antennas is analyzed. Following table shows the assumptions for evaluation. 
	Number of Tx antennas nT
	2

	Number of Rx antennas nR
	2

	Channel model
	SCME

	radio channels
	basically uncorrelated

	SNIR
	25dB

	feedback  rate
	per chunk and frame

	mobile speed
	low  (< 10kmh)

	optimization criteria
	Spectral efficiency ( same BER target for all schemes

	BER target 
	10-3

	MCS
	BPSK, QPSK, 16QAM, 64QAM

	RF frequency
	2 GHz

	Max. delay spread
	<1.2µs

	Max. Doppler frequency
	66Hz

	Time for channel realization
	380ms (25 times coherence time)

	bandwidth
	20 MHz

	Subcarrier
	1201

	adaptation
	per chunk


Table 1: Parameters for throughput – feedback evaluation
In Figure 1 typical simulation results of the spectral efficiency for Alamouti, PSRC and SVD are shown, based on the parameters in Table 1. These simulation results are intended to show the basic procedure. With respect to LTE there are some limitations, as no coding is assumed. For this reason the available MCS are too few for a fine adaptation to the radio channel, degrading the performance of SVD and PSRC. Additionally only 4 channel realizations have been evaluated
Further the capacity bounds for Rayleigh fading and equal power loading are given in the figure. The gap of SVD to the capacity bound is quite high, probably due to the limited number of MCS and the type of channel realizations, which have probably a relative strong LOS component. 
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Figure 1: typical simulation result for comparison of different MIMO schemes. Spatial scheme selection means PSRC plus selection between Alamouti and spatial multiplexing using a linear MMSE detector.  
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Figure 2: Qualitative Throughput – Feedback curve
For some MIMO schemes the feedback rate and throughput in Figure 2 has been estimated according to the reasoning below. The assumptions may be used for a more in depth discussion:
Single User- Single Cell MIMO
· Open Loop Diversity: semi static feedback - e.g. every 100ms; highest diversity scheme and lowest MCS scheme (BPSK), i.e. Alamouti with diversity d=2 and rate r=1; gain: ≈ 7dB compared to SISO, throughput TH= 1 bps/Hz ( feedback rate F ≈  0.1 bit / frame
· Closed Loop Diversity: long term feedback - e.g. every frame; under the assumption of 2x2 Alamouti is probably the best diversity scheme, so no further adaptation is necessary. For higher number of Tx antennas one out of a set of predefined LDC codes should be selected to adapt to SNIR, latency requirements etc.    for 2x2 diversity d=2 and rate r=1; gain to SISO: about 7dB, TH≈ 6 bps/Hz ( feedback rate F ≈  (1 bit for LDC selection + 2 bit for signaling of MCS)/frame = 3bit / frame / chunk
· Eigen Beamforming: combination e.g. frame-wise covariance feedback (assumption 6bit (?) for codebook approach) + low rate (1bit per frame) for beam selection;  diversity d=2 and rate r=1; gain: ? ( feedback rate ( F ≈  16 bit / frame / chunk
· Per Stream Rate Control: frame wise feedback of MCS per chunk; allows low complex receiver design for spatial multiplexing.  d=1 and rate r≤2; TH≈ 8.5 bps/Hz; feedback rate: 2 MCS per frame ( F = 2 * 2= 4bit / frame / chunk
· SVD: framewise feedback of linear pre-coder weights or of channel coefficients; d=1 and rate r≤2; TH≈ 9 bps/Hz; feedback rate: 4 complex coefficients a` ≈ 8 bits multiplied by ≈3 - number of pilots per chunk - per sub-frame (sub-frame due to time variance) ( F1 = 4 * 2 * 8 * 3 * 20 = 3840 bit / frame / chunk
· Alternate feedback calculation based on analogue feedback:
F2= 4 * 3 complex DL values per chunk * 1 symbol * 20 (every sub-frame) = 4 * 3 * 1 * 20 = 240bit / frame / chunk; as additional advantage analogue feedback requires less ‘coding’ overhead 
Multi User – Single Cell MIMO
· SDMA: as for SDMA the probability for high eigenvalues increases compared to single user MIMO, higher throughput can be expected. diversity d=1 and rate ≤ 2; TH≈ >9 bps/Hz; feedback rate: for opportunistic scheduling the feedback of a higher number of users is required. For HSDPA 10-20 active users are usual. For optimum scheduling the orthogonality between users would be required. This might be done by feedback of all CSI information to the Node B. Feedback rate: F ≈ 4 * 3 complex channel coefficients per user for 10 users a` e.g. 8 bit per sub-frame = 4 *3* 10 * 8 *2*20= 38400 bit / frame / chunk      (= 3.84Mb/s uncoded!!!)
· Non linear Precoding: NL precoding increases typically the throughput significantly but might require more accurate CSI information compared to SDMA. So feedback rate and gain are ffs.
Multi User – Multiple Cell MIMO
For multiple cells the mitigation of inter-cell interference (ICI) becomes very important. Different schemes might be envisaged. 
· UE based IF mitigation: For multi user MIMO the spectral efficiency can be achieved even without multiple AEs at the UE. For this reason it might be more useful to use the second receive antenna at the UE, i.e. the free dimension, for  cancellation of the interference from the next strongest Node B. The advantage is that this IF cancellation can be done de-centrally and will provide already significant gains.   Feedback is probably not required but orthogonal pilots for adjacent NodeBs. The achivalble spectral efficiency is FFS.   
· Cooperative Transmission, one Node B: interference between adjacent sectors of a NodeB reduces throughput at the sector edges significantly. To avoid degradation some kind of orthogonal resources are required for these areas. By using joint transmission gains in the order of some 20-30% can be expected (for LTE FFS). As all sectors are supported by one NodeB the required pre-coding can be easily performed at the NodeB. The required feedback is full short term CSI, but only for the 2 or 3 active UEs ( F ≈ 3 * 3 * 4 * 2 * 8 * 20 = 11.520 bit / frame / chunk.  (analogue 720 symbol / frame / chunk = 72kbit/s)
· Cooperative Transmission, several Node Bs [9]: To avoid additionally the interference between adjacent NodeBs as one of the most advanced schemes distributed cooperative transmission schemes can be envisaged. Due to interference cancellation and rank enhancement significant gains in the order of 200 to 300% have been shown for similar systems. The feedback rate is basically the same as for the above described scheme, but it has to be taken into account that the feedback has to be transmitted to more than one NodeB. 
Figure 2 shows the raw feedback rate per frame. For a real system the feedback information needs a strong coding as known e.g. from HSDPA where 5 bit CQI values are transmitted coded within 20 bit, i.e. by a rate 1/4th code. 

3.  Design of feedback channel
The careful design of the feedback channel is an important topic for a wide area MIMO FDD system due to the higher path loss, higher time and frequency variance compared to short range scenarios and low power budget of UEs.

Due to the variety of MIMO schemes it is useful to have more than one type of feedback channel available:

· Very low rate feedback channel, e.g. one CQI value per overall frequency band and per each or each lth frame, e.g. for diversity schemes

· Synchronized feedback channel, where beside one longer feedback block per frame additionally a pre located low rate feedback information per frame can be used to adapt to short term channel fluctuations, usable e.g. for eigen beamforming, subspace based channel estimation techniques [10] or codebook approaches. This proposal takes into account the underlying physical channel structure. 
· Analogue feedback channel for high performance linear and nonlinear multiuser MIMO schemes. Under consideration of the strong coding requirements for digital CSI feedback information direct analogue feedback promise overhead reduction in case detailed CSI helps to boost the overall system performance  significantly (see [11]). 
Many proposals exist to optimize each of the above described feedback channels but this topic is beyond of this T-Doc. For the final assessment the optimized schemes have to be compared.  
4. Conclusion
Due to the strong variation of channel conditions in a wide area cellular system an adaptation to very different MIMO schemes seems to be required. For MIMO DL transmission any information of the radio channel at the transmitter typically increases the overall system performance. For defining a suitable feedback channel and selection of the most powerful MIMO schemes, it is proposed to assess the achievable gain in the DL based on throughput – feedback curves. This allows estimating the achievable gain for each additional feedback bit and thereby finding the right trade off between overhead and performance gain. 
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