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Introduction
At GERAN#57, a new study item on Downlink MIMO [1] was agreed due to the potential of achieving significantly higher throughput compared with current EGPRS and EGPRS2-A, which was demonstrated by several papers in earlier meetings. In this paper we investigate the impact of blind mode detection in the MS and also the impact of mode adaptation by the network based on channel correlation estimated and reported by the MS.
The contribution is a resubmission of [7] with revised conclusion marked in red.

MIMO transmisson modes
Two transmission modes are defined in MIMO transmission system in the 3GPP TR 45.871 [2].
1) Spatial multiplexing mode (dual stream)
In this mode, two different encoded bit-streams with orthogonal training sequences are modulated and transmitted simultaneously through two different antennas to the same mobile having two receiving antennas.
2) Diversity mode (single stream)
In this mode a single bit-stream with legacy training sequence is modulated and transmitted either through two antennas or single antenna.
In the ‘dual stream transmission mode’, there are in effect 4 different propagation paths. When the spatial correlation between the propagation paths is sufficiently low, it should be possible for the MIMO receiver to estimate the propagation paths and to jointly or iteratively detect each of the two streams. The throughput is maximised by transmitting independent data streams from both transmitters. Hence, this is referred to as spatial multiplexing mode.
When the spatial correlation between the propagation paths is insufficient to support spatial multiplexing, a single bit-stream with legacy training sequence is modulated and transmitted either through two antennas or single antenna. In this case the receiver benefits from transmit diversity and/or receive diversity. Hence, this is referred to as diversity mode.
Reference [3] provides the impact of low, medium and high channel correlation on EGPRS2-A peak MIMO throughput in dual stream spatial multiplexing mode as well as in single stream diversity mode. Simulation results show that the impact of channel correlation on the throughput of MIMO spatial multiplexing mode is significant. Moreover, the Es/No at which the throughput of dual stream spatial multiplexing mode exceeds the throughput of single stream diversity mode varies from 13dB at low correlation to 25dB at medium correlation and to 33dB at high correlation (see Figure 1).
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[bookmark: _Ref394229472]Figure 1: Impact of different channel correlations on MIMO throughput (2x2 Spatial Multiplexing and 1x2 MSRD) ([3])
Therefore, it is important for the network to select one of the two transmission modes depending on the channel correlation and Es/No in order to maximise the overall throughput.
In order to avoid any signalling to the MS by the network about the selected transmission mode, it is essential that the MS blindly detects the transmission mode in its receiver. Moreover, the network needs to select the transmission mode based on the measurement report provided by the MS. The elements in the measurement report in current EGPRS and EGPRS2 system may not be sufficient and new elements will have to be added to support the MIMO mode adaptation. The following sections describe the impact of blind mode detection by the MS and the impact of transmission mode adaptation by the network.
[bookmark: _Ref396260424]Blind Mode Detection
Since the MIMO capable MS needs to detect the transmission mode blindly there are two potential types of detection errors: 
a) false detection of single stream mode when actually dual stream mode is used
b) false detection of dual stream mode when actually single stream is transmitted 
In case a) information sent on one of the MIMO streams will not be demodulated and consequently lost. 
In case b) however, the MS will try to demodulate two streams even though the second stream does not exist. This causes unnecessary computations in the MS. The transmitted information in the first stream might be impacted depending on the receiver architecture. In a successive interference cancellation (SIC) type receiver, where the demodulation of one stream affects the demodulation of the other stream, there might be negative impact on the actually transmitted stream if the receiver assumes the second stream (non-existent stream) as the stronger one. However, this is very unlikely.
It has been shown in [4] that the impact of false detection of dual stream transmission when actually single stream is transmitted is very small.
In this paper, the impact of false detection of single stream transmission is also presented from link level simulation. The simulation parameters are listed in Table 1.
This receiver used in this simulation employs channel estimation, followed by separate interference cancellation and bit-detection for each stream. This is neither a SIC type of receiver, nor a joint detection receiver. Blind modulation detection (BMD) is enabled in the receiver for each stream independently. BMD is performed after the channel estimation assuming all possible modulations schemes including GMSK. The same receiver is also used in the study of the impact of mixed modulation schemes in MIMO (see [5]).
The mode detection in the receiver is based on SNR estimation after the interference cancellation. In order to compute the SNR following steps were used: 
a. energy of the received signal is calculated in the training sequence portion
b. reference signal was computed as convolution of the training sequence symbols and the estimated channel taps 
c. the difference between the reference signal and the received signal over the training sequence portion is considered noise
d. summation of square of the noise samples (in step c) is the noise energy
e. SNR is the signal energy computed in step a divided by the noise energy computed in step d
If SNR of the second stream is found to be below 2 dB, the receiver assumes that single stream is not transmitted. With this approach and within the simulated range of Es/No or C/I, there is no single case of false detection of dual stream when actually single stream is transmitted. When dual stream is transmitted, there are very few occurrences of false detection of single stream transmission at very low Es/No or C/I levels. However, the difference in throughput is so small that the throughput plots with mode detection overlap with the reference plots as it can be seen from Figure 2 and Figure 3. Most of the false detection happens at very low Es/No of C/I levels, but at those levels even with ideal detection transmitted data are not correctly decoded.
 
[bookmark: _Ref394368969]Table 1 Simulation Parameters for Mode Detection
	Parameter
	Value

	Frequency bands
	1800 MHz

	Propagation conditions
	SCM-A

	Mobile speed
	3 km/hr

	Frequency hopping
	Ideal

	BTS/MS RF impairments
	Typical Tx/Rx (See section 7.2.1.1 in TR 45.871 [2])

	Interference
	Single co-channel interference, with 8PSK modulation.

	Channel Correlation
	SCM-A specific for wanted signal, 0.7 for interference

	SCPIR [dB]
10log10(Power of stream 1/power of stream 2)

	6dB and 10dB

	Back-off [dB]

	Same as earlier simulations (See section 7.2.1.1 in TR 45.871 [2])

	MCSs
	EGPRS2-A

	8-PSK (DAS-5…DAS-7)
16-QAM (DAS-8…DAS-9)
32-QAM (DAS-10…DAS-12)

	
	EGPRS

	Not used

	Blind modulation detection
	Enabled and independent in the two streams

	MCS link adaptation
	Ideal

	Training sequence codes
	1st Stream: 5 from VAMOS Set 1
2nd Stream: 5 from VAMOS Set 2
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[bookmark: _Ref394371135]Figure 2 Impact of Mode Detection when Dual Stream is transmitted (Sensitivity) 1
[1 plots with ideal mode detection are overlapping with the plots with mode detection enabled.]
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[bookmark: _Ref394371139]Figure 3 Impact of Mode Detection when Dual Stream is transmitted (CCI) 2
[2 plots with ideal mode detection are overlapping with the plots with mode detection enabled.]

Therefore, it can be concluded that the impact of false detection has very negligible impact on the overall throughput.


mode adaptation
As seen in Figure 1, the overall throughput of MIMO is maximised if the right transmission mode is selected by the transmitter based on the channel correlation and Es/No. This paper analyses a mode adaptation technique based on the channel correlation and SNR estimated by MS and reported to the network.
In case of dual stream mode, the channel correlation estimation is based on the four sets of channel taps estimated by the receiver. The four sets h11, h12, h21, h22 correspond to the four paths between the two transmitting antennas and the two receiving antennas (see Figure 4). Following co-variance values are computed:
cv1 between h11 and h12
cv2 between h11 and h21 
cv3 between h12 and h22
cv4 between h21 and h22
The average of cv2 and cv3 is defined as Tx correlation and the average of cv1 and cv4 is defined as Rx correlation.
BTS
MS
h11
h12
h21
h22

[bookmark: _Ref394396371]Figure 4 2x2 MIMO Transmission in Spatial Multiplexing Mode (3GPP TR 45.871 [2])

The SNR is estimated before the bit detection and the larger of the two values computed for the two streams is selected. SNR estimation method is same as what is described in section 3.
In case of single stream mode, the channel correlation is based only on the two sets of channel taps h11 and h12 corresponding to the two paths between the single transmitting antenna and the two receiving antennas. Therefore, only cv1 is computed and it is defined as Rx correlation. Tx correlation is set to 0. Since there is only one stream, only single SNR is considered.
The metrics described above are averaged over a period of 4 TDMA frames i.e. one RLC block period. The transmitter in the simulation setup makes a decision about the transmission mode for the next RLC block period based on the metrics computed by the receiver in the preceding RLC block. The decision logic used by the network in selecting the transmission mode is given below.
Condition 1: SNR < 12 dB
Condition 2: SNR < 25 dB and TxCorrelation>0.5 and Rx Correlation>0.7
Condition 3: SNR < 30 dB and TxCorrelation>0.5 and Rx Correlation>0.9
If any of the above conditions is fulfilled, the transmitter selects the single stream transmission mode, otherwise it selects the dual stream transmission mode.
The algorithm described above is evaluated with a limited set of simulations. The simulation parameters are listed in Table 2.
The reference in this comparative evaluation is defined as the throughput with constant single stream mode and also constant dual stream mode without mode adaptation. The envelope of this is defined as the throughput with ideal mode adaptation. The reference case also assumes mode detection in the receiver. The aim of the mode adaptation technique is to meet the performance of ideal mode adaptation.
[bookmark: _Ref394375856]Table 2 Simulation Parameters for Mode Adaptation
	Parameter
	Value

	Frequency bands
	1800 MHz

	Propagation conditions
	SCM-A

	Mobile speed
	3 km/hr

	Frequency hopping
	Ideal

	BTS/MS RF impairments
	Typical Tx/Rx (See section 7.2.1.1 in TR 45.871 [2])

	Interference
	Not used. Only sensitivity considered.

	Channel Correlation
	Variable correlation model with
Low correlation α, β = {0.0, 0.0},
Medium correlation α, β = {0.3, 0.9},
High correlation α, β = {0.3, 0.9}   
(See section 6.3.1 in TR 45.871 [2] for description of the channel model)

	SCPIR [dB]
10log10(Power of stream 1/power of stream 2)

	0 dB (other SCPIR values will be evaluated later)

	Back-off [dB]

	Same as earlier simulations (See section 7.2.1.1 in TR 45.871 [2])

	MCSs
	EGPRS2-A

	8-PSK (DAS-5…DAS-7)
16-QAM (DAS-8…DAS-9)
32-QAM (DAS-10…DAS-12)

	
	EGPRS

	Not used

	Blind modulation detection
	Enabled and independent in the two streams

	MCS link adaptation
	Ideal

	Training sequence codes
	1st Stream: 5 from VAMOS Set 1
2nd Stream: 5 from VAMOS Set 2
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Figure 5 Impact of Mode Adaptation in case of low correlation
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Figure 6 Impact of Mode Adaptation in case of medium correlation
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[bookmark: _Ref394376791]Figure 7 Impact of Mode Adaptation in case of high correlation

It is evident from the figures above that the overall throughput envelope with mode adaptation enabled follows the envelope with constant dual stream transmission at medium and high Es/No irrespective of channel correlation used in the simulation. At low Es/No, the mode adaptation algorithm switches to single stream mode and leads to better throughput. However, the improvement is still not meeting the throughput of constant single stream transmission mode at the low Es/No values. 
In case of high channel correlation setting (Figure 7) the mode adaptation algorithm is sticking to dual stream mode for a range of Es/No values where switching to single stream mode would provide slightly better overall throughput.

Discussion and Further work
Although the MIMO mode adaptation mechanism in the downlink is controlled by the network, it is essential to identify required feedback metrics from the MS and the frequency of the feedback.
This initial study has considered estimated channel correlation as the feedback metric. Based on the obtained results further optimisation of the estimation technique is necessary. Moreover, the Tx and Rx antenna correlation seems greatly affected by the propagation channel’s time variation. Previous study in [6] has shown that change of correlation over time has an impact on link adaptation performance in MIMO for EGPRS/EGPRS2. Therefore, it is likely to impact mode adaptation too. The average correlation estimated over one RLC block period might not reflect the correlation experienced in the next RLC block period. In case of packet data channels, this is more problematic due to the absence of continuously transmitted RLC blocks between measurement reports.
It is also important to see if any of the existing information sent by MS can be useful for mode adaptation. Then it should be checked if further modification in terms of frequency of the reported information or size of information is needed.
The delay between receiver and transmitter and the changes in the metrics need to be modelled.
This mode adaptation study has considered the sensitivity scenario only. In case of interference, with a single dominant interferer in particular, the channel correlation characteristics might be different. Thus different decision logic might be needed to select the best transmission mode.

conclusion
This paper has presented the simulated performance of DL MIMO transmission mode detection at the mobile receiver and DL transmission mode adaptation by the network.
For the receiver type used in the simulation, occurrences of erroneous detection of transmission mode are limited to scenarios with very low Es/No or C/I levels where information bits are not correctly decoded anyway. Thus there has been no loss in throughput performance compared with the ideal detection.
The mode adaptation technique described in this paper shows no loss of throughput at high Es/No compared with the constant dual stream mode. At low Es/No it shows some improvement but still is not able to meet the throughput with constant single stream mode. The impact on overall throughput with mode adaptation is, nonetheless, not very significant compared with the case with ideal adaptation.
Further work is deemed needed to identify existing or new feedback metrics needed to assist the mode adaptation mechanism.
In regard to further proceeding it is proposed to include text from section 3 and section 4 into section 7.3, Mode Adaptation, of the TR [2]. In addition we propose that results for the time varying correlation model be added to identify the overall performance benefit of MIMO mode adaptation. The sourcing company plans to provide a corresponding text proposal to GERAN#70.
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