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Differential codebook for closed loop SU MIMO
Bruno Clerckx, David Mazzarese et al.
Samsung Electronics
Introduction
In order to boost 16m performance much beyond 16e and LTE performance, we propose the use of a differential codebook in addition to the standard SU-MIMO codebook. The differential codebook exploits the fact that CL MIMO typically works at low speed, where time correlation between two feedback instants is large. This enables refinements of the codebook as time goes by.
Differential codebook structure

Differential feedback scheme can be described as below
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, choose the appropriate precoder and rank from the standard SU MIMO codebook (e.g. a DFT-based codebook). Denote this precoder as 
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· For time instant 
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with a rotation matrix 
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. This rotation matrix is an element of a rotation codebook. The mobile feeds back the index of the rotation matrix 
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 in the rotation codebook that maximizes its throughput 

· At time Tmax+1, the process is reset and 
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 is fixed to 0 again.

Hence the Base station and the mobile station have knowledge of two codebooks: the standard codebook used at time 
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 and the rotation codebook.
Discussion

Some proposals to 802.16m suggest to use large codebooks to improve the accuracy of the channel state information at the BS. Our concern is both on the feedback overhead and the computational burden incurred at the MS. A larger codebook requires an exponentially increasing computational load at the MS to find the best precoder and to compute the associated CQI as the number of bits to represent the codebooks are increased. The feedback overhead in the uplink control channel may rapidly saturate the uplink capacity, or require to decrease the robustness of the control channel. Our preference is to use a differential codebook which can readily reuse the feedback channel of the initial codebook.

Performance Analysis
In Figure 1 and 2, we compare the performance of CL SU MIMO using 16e 6bits codebook with those obtained using a differential feedback scheme using 4bit DFT-based codebook at the first time instant (
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) and a 4bit rotation codebook for successive time instants. The measurement and feedback is done every midamble, i.e. every 5 ms and the mobile speed is assumed to be 3km/h. At SNR=10dB, significant (over 5%) gain over 16e codebook can be achieved with lower feedback overhead (4bits instead of 6bits). For the same overhead, the differential codebook provides gains of about 10% over the standard codebook. 
In figure 3, the performance of differential codebook-based CL SU MIMO is evaluated at very low speed scenarios (0.5km/h). The gain of the differential codebook is very significant.
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Figure 1. Performance (SNR=10dB) of 16e (6bits) and differential (4bits) codebook-based CL SU MIMO in 4x2 uncorrelated at 3km/h.
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Figure 2. Performance (SNR=0dB) of 16e (6bits) and differential (4bits) codebook-based CL SU MIMO in 4x2 uncorrelated at 3km/h.
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Figure 3. Performance of 16e (6bits) and differential (4bits) codebook-based CL SU MIMO in 4x2 uncorrelated at 0.5km/h.
Simulation conditions

	Transmission bandwidth
	20 MHz

	Centre frequency
	2.5 GHz

	Subframe duration
	0.6171 ms

	Subcarrier spacing
	10. 938 kHz

	FFT size
	1024

	Number of occupied subcarriers
	1008

	Number of OFDM symbols per subframe
	6

	Number of subcarriers per Resource Unit
	18

	Spatial channel environment
	Modified PedB channel, 3 km/h, uncorrelated at MS

· Uncorrelated case: 4 wavelengths spacing and 15 degree angular spread at the base station

	CQI feedback
	6 subframes delay, error-free

	Uplink sounding
	18 dB power difference between DL and UL

	Feedback load
	Full feedback (for every resource unit), 10 users

	Downlink pilot overhead
	2 Tx: 11.11%, 4 Tx: 22.22%

	Channel estimation
	Ideal

	MIMO detection method
	Linear MMSE

	Modulation and coding
	10 MCS levels

	HARQ
	Chase Combining, non-adaptive, 8 subframes retransmission delay, maximum 4 retransmissions


Proposed Text

1.1.x.2.1.3. Feedback for SU-MIMO
In FDD systems and TDD systems, a mobile station may feedback the following information in SU-MIMO mode:

· Rank (Wideband or sub-band)

· Sub-band selection

· CQI (Wideband or sub-band, per CW or per user)

· PMI (Wideband or sub-band)

[To remove from current text: For codebook based precoding, the feedback from a mobile station shall be based on the same codebook as used by base station for transmission.]

[To add to current text: For codebook based precoding, two different feedback modes for the PMI shall be supported:

· The standard mode: the feedback from a mobile station shall be based on the same codebook as used by base station for transmission, and it shall be sufficient for the base station to determine the new precoder

· The differential mode: the feedback from a mobile station provides a differential knowledge which represents information that shall be used along with the other feedback information known at the base station for determining the new precoder.]
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