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I Introduction
For open loop transmission in a 4x2 configuration, there is a choice between two MIMO modes: rank-1 SFBC-FSTD and rank-2 WcDU [1].  A 4-bit CQI table for link adaptation of the DL-SCH was adopted in RAN1#51bis [2].  With this CQI table, we observe that SFBC-FSTD offers higher spectral efficiency at lower SNRs, whereas rank-2 WcDU offers higher spectral efficiency at higher SNRs. We also note that the crossover point between SFBC-FSTD and rank-2 WcDU spans a fairly broad SNR range. That leads us to propose a single CQI table for open loop transmission that includes both MIMO modes, whereby the switch from SFBC-FSTD to rank-2 WcDU is performed based on SNR.  To achieve a uniformly spaced CQI table as a function of SNR, we propose a slightly modified 4-bit hybrid CQI table. Such a scheme reduces control signaling overhead for 4x2 transmissions, since we only need to specify open-loop mode, rather than specify SFBC-FSTD or WcDU modes separately.
II CQI Table for 4x2 Open Loop MIMO
Unlike the closed loop mode, it is not possible to calculate the SNR for each layer in the open loop mode.  Instead, only an average SNR can be computed, based on the average of the channel gains across both time and frequency, as pointed out in [3].  Hence, our first task was to benchmark the performance of the current CQI table [2] for SFBC-FSTD and rank-2 WcDU, since it had been designed for the closed loop mode assuming an AWGN channel.  Since, there is no AWGN channel in the MIMO context, we chose a flat fading channel in our simulation.  Simulation parameters are shown in Table 1.
Table 1: Simulation set up

	FFT size
	512

	Tone spacing
	15 KHz

	Data Allocation
	4 RBs

	Channel 
	Flat fading, 120km/hr

	Channel estimation
	Ideal

	Receiver type
	LMMSE


The spectral efficiency of SFBC-FSTD and rank-2 WcDU with the current CQI table is shown in Figure 1.  It can be seen that the current CQI table exhibits good performance for both the MIMO modes.  With the current CQI table, the step size for SFBC-FSTD is about 2dB, and that for rank-2 WcDU about 2.5dB with a few exceptions.
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Figure 1: Spectral Efficiency (SE) of Open Loop MIMO modes with the current CQI table

The performance of the two MIMO modes at low SNR is best examined by plotting the log of the spectral efficiency, as shown in Figure 2. We observe that from -10dB to +2dB, SFBC-FSTD outperforms rank-2 WcDU. From 10dB to 15dB, the two schemes are comparable in performance, and beyond 15dB rank-2 WcDU performs best.
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Figure 2: Log (Spectral Efficiency) vs SNR for SFBC-FSTD and WcDU with the current CQI table
As can be seen from both Figure 1 and Figure 2, there is no clear cross over point from SFBC-FSTD to rank-2 WcDU. To the contrary, over an SNR range of 5dB from +10dB to +15dB, the two modes offer nearly identical performance. In this SNR range, the UE can request either mode for transmission.  And since this cross over range is so broad, we can set up a static switch point from SFBC-FSTD to rank-2 WcDU without incurring any loss in spectral efficiency either due to SNR estimation error or due to a rapid change in the link budget.  Hence, we can propose a single CQI table for the open loop mode, as shown in Table 2.
Table 2: Proposed CQI table for 4x2 Open Loop MIMO transmission

	MCS
	MIMO Mode
	Modulation
	Coding rate x 1024
	SE
	SNR

	1
	SFBC-FSTD
	QPSK
	78
	0.1522
	-8.7

	2
	SFBC-FSTD
	QPSK
	151
	0.2949
	-6

	3
	SFBC-FSTD
	QPSK
	250
	0.4882
	-3.6

	4
	SFBC-FSTD
	QPSK
	449
	0.8768
	-0.7

	5
	SFBC-FSTD
	QPSK
	650
	1.2695
	2

	6
	SFBC-FSTD
	16QAM
	455
	1.7578
	4.6

	7
	SFBC-FSTD
	16QAM
	616
	2.406
	7.2

	8
	SFBC-FSTD
	16QAM
	780
	3.0469
	10

	9
	SFBC-FSTD
	64QAM
	666
	3.9012
	12.9

	10
	WcDU
	16QAM
	616
	4.812
	15.8

	11
	WcDU
	64QAM
	512
	6
	18.5

	12
	WcDU
	64QAM
	623
	7.3008
	21.2

	13
	WcDU
	64QAM
	725
	8.5078
	23.9

	14
	WcDU
	64QAM
	810
	9.4922
	26.6

	15
	WcDU
	64QAM
	873
	10.2297
	29.2


Note, the MCS indices highlighted in yellow correspond to MCS values already defined in the current CQI table [2]. The non-highlighted indices are new. The spectral efficiency of the proposed CQI table is shown in Figure 3, which offers the same performance as SFBC-FSTD and rak-2 WcDU shown in Figure 1. The SNR step size with the proposed CQI table is uniformely spaced at ~2.7dB.
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Figure 3: Spectral Efficiency for Open Loop MIMO with the new proposed CQI table
III Conclusion
In this contribution, we’re proposing a single CQI table for 4x2 open loop MIMO transmission, whereby the lower order indices correspond to SFBC-FSTD, and higher order indices correspond to rank-2 WcDU. Our motivation for proposing a single CQI table is to simplify the open loop MIMO mode. The single CQI table offers the same performance as the current CQI tables for SFBC-FSTD and rank-2 WcDU.
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