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Introduction

In current system, a five-bit CQI for SISO transmission is signalled to the Base Station for MCS selection. If multiple data streams are transmitted simultaneously in a MIMO system, the required CQI bits increase exponentially as the number of the data streams. If full CQI feedback is used, it will lead to large feedback overhead.

Since CQI feedback is strongly correlated with the performance of MIMO, particularly for the case of four Tx antenna, it is necessary that the feedback procedure and overhead should be clearly described.

In this contribution we propose an efficient CQI feedback scheme with rather low overhead where effective CQI table size is not reduced.
Description
In 802.16 system, CQI feedback can be updated every 5ms which is short enough compared to the channel variation. This especially meets the MIMO scenarios.
In [1], a CQI-SNR mapping scheme was proposed and its corresponding SNR in an AWGN SISO channel satisfies SNR= -3.5+CQI (dB), where the modulation and code rate of all streams are fed back from UE with the CQI index in the first column of Table 1. Hence each stream is fed back with 5 bits CQI. It should be notified that Table 1 is just an example of CQI mapping. The feedback principle in this contribution can be extended to any CQI mapping rules.

	CQI
	TBS+CRC
	Modulation
	Code Rate

	0
	N/A

	1
	200
	QPSK
	0.21

	2
	260
	QPSK
	0.27

	3
	340
	QPSK
	0.35

	4
	400
	QPSK
	0.42

	5
	480
	QPSK
	0.50

	6
	680
	QPSK
	0.35

	7
	820
	QPSK
	0.43

	8
	960
	QPSK
	0.50

	9
	1290
	QPSK
	0.45

	10
	1520
	QPSK
	0.53

	11
	1780
	QPSK
	0.62

	12
	2300
	QPSK
	0.60

	13
	2610
	QPSK
	0.68

	14
	3330
	QPSK
	0.69

	15
	3590
	16-QAM
	0.37

	16
	4200
	16-QAM
	0.44

	17
	4700
	16-QAM
	0.49

	18
	5300
	16-QAM
	0.55

	19
	5910
	16-QAM
	0.62

	20
	6600
	16-QAM
	0.69

	21
	7200
	16-QAM
	0.75

	22
	9750
	16-QAM
	0.73

	23
	11500
	16-QAM
	0.75

	24
	14400
	16-QAM
	0.75

	25
	17300
	16-QAM
	0.75

	26
	21600
	16-QAM
	0.75

	27~31
	RSVD
	
	


Table 1: Index of CQI mapping scheme

Then in a MIMO scenario, there are totally 5*Nstream CQI bits if each stream is individually rate controlled, which is a high overhead burden.

In this proposal, each CQI feedback is composed of 5+(Nstream-1) bits: 1) The 5 bits (0~31) in the first part represent the possible transport block size, modulation and code rate for a certain stream as defined in the second, third, forth and fifth column in Table 1 respectively. A CQI_index(i, j) at ith stream and jth TTI comes from the mapping scheme CQI_index(i,j) = floor(SINR(i,j) + 3.5) where SINR(i,j) is measured at the detector output for ith stream and jth TTI  and floor(X) gives an integer no larger than X. It is easy to understand that CQI_index(i,j) satisfies 0 ≤ CQI_index(i,j) ≤ 26. 2) The (Nstream-1) bits in the second part represent Up/Down signaling of other streams. Table 2 shows an example for the scenario of 4 transmit streams (Nstream=4) from TTI j to TTI (j+3) where j satisfy mod(j,4)＝0. The first part and second part are transmitted via separated uplink channels, i.e. FCQICH (Full CQI Channel) and RCQICH (Relative CQI Channel) respectively. The ACQICH can easily re-use existing feedback.

	Bit
	M bits
	M+1
	M+2
	M+3

	Part
	First part (FCQICH): 

CQI index
	Second Part (RCQICH):

Up/Down signaling for CQI index

	TTI j
	0th stream
	1st stream
	2nd stream
	3rd stream

	TTI j+1
	1st stream
	0th stream
	2nd stream
	3rd stream

	TTI j+2
	2nd stream
	0th stream
	1st stream
	3rd stream

	TTI j+3
	3rd stream
	0th stream
	1st stream
	2nd stream


Table 2: Structure of feedback for consecutive four TTI

The Up/Down signaling transmitted in RCQICH for ith transmit stream at jth TTI is defined as follows:

If CQI_index(i, j-1) > CQI_index (i, j)

Up/Down Signalling = -1 (Down)
Elseif CQI_index(i, j-1) < CQI_index (i, j)

Up/Down Signalling = 1  (Up)

Else 
Up/Down Signalling = 0  (Keep same)

For a single-bit representation, the Up/Down Signalling can be transmitted with DTX transmission to represent the three state: Up, Down or Keep same. Up/Down Signalling with larger step may be considered depending on the tradeoff between tracking channel variation and reducing feedback overhead.

In the transmitter, we propose a simple modulation and rate control scheme that adjust the stream throughput solely based on the above feedback sequence. However, more information, such as uplink channel estimation and system load, can be employed in the modulation and code rate decision in real implementation. For ith stream, the transmitter receives the CQI_index(i,j) at jth TTI in ACQICH, where j satisfies mod(j, Nstream)=i. In the next TTI (j+1) to TTI (j+Nstream-1), an Up/Down signaling for ith stream is received in RCQICH and the transmitter can correspondingly adjust the modulation and code rate of ith  stream as CQI_index(i, j) = CQI_index(i, j-1)+Up/Down Signalling. This process repeats until an updated CQI_index(i, j+Nstream) is received in ACQICH at TTI (j+ Nstream).
Simulation

The simulations are run for the scenarios with ideal full feedback without delay (5 bits each stream), delayed full feedback (5 bits each stream) and the proposed differential feedback with 5+(Nstream-1) bits. The simulation assumptions are given in Table 3. In the simulation, no HARQ is considered, so if the feedback CQI index of a stream is larger than the present real CQI index corresponding to present SINR, the throughput of this stream for this TTI will be directly calculated as 0.

	Carrier Frequency
	2 GHz

	TTI length
	10 ms

	Modulation
	QPSK, 16-QAM
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	0 dB

	Channel Model
	Single path Rayleigh channel

	Channel correlation
	i.i.d.

	Channel Estimation
	Perfect

	MIMO scheme
	2×2 MIMO and 4×4 MIMO

	UE Speed
	3 km/h and 30 km/h

	CQI Feedback Delay
	Two TTI

	CQI Feedback error
	None

	Target FER
	10%

	Output metric
	Single user throughput based on the TBS


Table 3: Simulation assumptions

Figure 1 and Figure 2 give the throughput with the 2×2 MIMO scheme. It shows that the proposed differential feedback (6 bits feedback) obtains the almost same throughput with the full feedback (10 bits feedback) scheme at any mobile speed. The throughput gap is negligible. It is easy to understand that both the differential feedback scheme and the delayed full feedback scheme suffer some throughput loss from the ideal full feedback without delay. For UE with very low speed (3km/h), the throughput gap from the ideal feedback scheme is smaller compared with the one with high speed (30km/h). 
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Figure 1: Throughput of a 2×2 scenario at 3km/h    Figure 2: Throughput of a 2×2 scenario at 30km/h

Figure 3 and Figure 4 give the capacity with the 4×4 MIMO scheme, which gives the similar conclusion as the 2×2 scenario. The proposed differential feedback (8 bits feedback) obtains the almost same throughput with the full feedback (20 bits feedback) scheme at any mobile speed. The throughput gap is negligible.
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Figure 3: Throughput of a 4×4 scenario at 3km/h     Figure 4: Throughput of a 4×4 scenario at 30km/h

Conclusion

The simulation results show that the proposed differential feedback scheme performs almost same as the full feedback scheme in low and media mobile speeds. We recommend WG to adopt this scheme.
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Text proposal to SDD

------------------------------------Start text proposal------------------------------------
[Adopt the following text in the ToC of P802.16m System Description Document (SDD)]
11. x.x.x MCW
In MCW mode, the differential CQI feedback for each layer should be implemented. All layers feedback the full CQI in a round-robin manner. When one layer feedback the full CQI, other layers transmit the differential CQI from its last feedback to BS. The differential CQI information can be presented using one or more bits.
------------------------------------End text proposal------------------------------------
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