3GPP TSG RAN WG1 Meeting #50
R1-073719

Athens, Greece, 20th – 24th August, 2007  

Agenda Item:
7.2.6 

Source: 
Philips, NXP Semiconductors
Title:
CQI reporting for TDD

Document for:
Discussion / Decision
1 Introduction
In this contribution, we discuss the CQI feedback method for MIMO in TDD operation. Under the assumption of channel reciprocity in TDD, the eNB has knowledge of the downlink channel, including any interfering beams in the case of multi-user MIMO. We therefore evaluate the effect of the UE feeding back just a measure of the inter-cell interference plus noise, in order to reduce the uplink overhead for a given downlink performance.

2 Proposed Interference feedback method for TDD MIMO

In general, the inter-cell interference feedback method mechanism is illustrated by Fig.1.
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Fig.1 proposed uplink feedback procedures for TDD MIMO

Step 1. UEs estimate the inter-cell interference plus additive noise.
Step 2. UEs quantize this measured interference and feed the quantized value back to eNB.

Step 3. With the aid of feedback interference, eNB estimates CQI level under different possible spatial sub-channel usage and pre-coding schemes. Then, eNB makes the scheduling and MCS decisions.

Step 4. eNB sends corresponding control signalling to UEs 
3 Simulations

We evaluate the feedback overhead and the downlink spectral efficiency performance for the proposed interference feedback method, comparing with a more conventional CQI feedback approach.

3.1 Simulation Modelling

We consider as an example a MU-MIMO configuration, with 4 transmit antennas at the eNB and 2 receive antennas at the UE. 
For the conventional CQI feedback method, the UE feeds back one CQI value corresponding to the preferred precoding. The number of signalling bits is indicated in Table 1.

Table 1 Signaling overhead for conventional feedback method

	Preferred precoding
	1 bits

	CQI for the preferred precoding
	5 bits

	Total uplink overhead
	6 bits 


In Table 1, we assume a minimal number of feedback bits for the preferred precoding, by assuming that the eNB has already used downlink signalling to indicate a preferred pair of precoding vectors from the codebook, so that the UE only has to signal one bit to indicate the preferred vector from this pair. Hence, from Table 1 the total uplink overhead of the conventional feedback scheme used as a reference is 6 bits per feedback interval (10ms in these simulations).

For the proposed inter-cell interference feedback method, a variety of methods could be envisaged for encoding and signalling the interference measurement. As an example, we model the interference 
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 as a 2x1 complex vector 
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 with a Gaussian distribution with identical mean and standard deviation. Then, we use a two-part feedback, whereby the long-term mean and standard deviation (quantized to be 8 bits) are signalled on a longer interval (spanning ten or more times the CQI feedback interval), and a more precise indication relative to the mean and standard deviation is signalled every radio frame using 4, 8, 12 or 16 bits in different simulations.
We assume an MMSE receiver at the UE, and ideal channel estimation. Other simulation parameters are given in Table 2.

Table 2 Simulation parameters

	Parameter
	

Assumption

	Cellular Layout
	Hexagonal grid, 27 cell sites, 1 sector per site

	Cell Radius
	1km

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	Shadowing standard deviation
	8 dB

	Shadowing correlation between cells
	0.5

	Carrier Frequency / Bandwidth
	2GHz / 5MHz

	Channel model
	Spatial Channel Model (SCM)

	UE speeds 
	3km/h

	Total BS TX power (Ptotal)
	46dBm

	Interference Mitigation
	Soft frequency reuse

	Minimum distance between UE and cell
	35 meters 

	Scheduler
	Proportional Fair Scheduler

	Hybrid ARQ
	No

	Traffic Model
	Full buffer

	Channel estimation
	Ideal

	Receiver
	LMMSE

	Interference codebook size
	4 bits

	Pre-coding method
	Unitary precoding

	Average users number per cell
	10, 15, 25


3.2 Simulation Results

Initial simulation results are shown in Fig.2 and Fig.3.
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Fig.2 System spectral efficiency vs. different long-term mean and standard deviation feedback interval (10 users per cell)

Fig.2 evaluates the performance of interference feedback scheme under different feedback intervals for the long-term mean and standard deviation of the intercell interference, with the conventional CQI feedback scheme as a benchmark. The result shows that the spectral efficiency of the proposed scheme decreases as expected, but still outperforming the conventional feedback even when the feedback interval for the mean and standard deviatino part of the feedback becomes very long (~1000ms). Note, however, that average uplink overhead per radio frame of the proposed interference feedback scheme is equivalent to that of the conventional CQI feedback scheme when the feedback interval of the mean and standard deviation part of the interference feedback is only 160ms. At 1000ms, the average uplink overhead of the proposed scheme is around 30% less than that of the conventional CQI feedback scheme. If more bits were used to indicate the preferred precoding in the conventional scheme, the overhead reduction from the proposed method would be even greater. 

Fig.3 shows the downlink spectral efficiency performance under the same uplink overhead, for different numbers of users. The mean and standard deviation are fed back every 16 radio frames (160ms), while the delta is fed back every radio frame. This results in overall average uplink overhead for the proposed scheme of 6 bits every radio frame (the same as the conventional scheme). The “Accurate Interference Feedback” scheme assumes that eNB knows the accurate interference value at UE side, which should give an upper bound on the performance. The results show that compared with the conventional feedback method, the spectral efficiency gain of proposed method is about 12.1%, 5.4% and 1.3% in case of 10 users, 15 users and 25 users respectively under the same uplink overhead. 
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Fig.3 Downlink spectral efficiency under 4-bit codebook

4 Conclusion
In this contribution, we have proposed that CQI feedback for E-UTRA in TDD operation should comprise only a measure of the intercell interference and noise. Initial simulation results show that the proposed method can improve downlink spectral efficiency for a given uplink feedback overhead.
5 Text proposal to TS36.213

---------- Start of text proposal --------------------------------------------------------------------------------

7.2.1
Channel quality indicator (CQI) definition
[Includes definition of CQI information needed for frequency domain scheduling, may define different CQI MCS]
For TDD MIMO operation, the reported CQI is the quantised inter-cell interference plus noise measured by UE.

--------End of text proposal -------------------------------------------------------------------------------------
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