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1. Introduction
In the current RAN1 specification [1], it seems that open-loop SM mode is not taken into account although it is well known that an open-loop SM could provide robust data transmission quality and may significantly reduce control overhead if the channel is updated fast. So far, several open-loop SM schemes [2] have been proposed and discussed for better support of the high-mobility UE with high geometry. In general, open-loop SM could provide several advantages compared to codebook-based SM and the advantages could be listed as follows:
· Provide diversity gain from which robust multiple stream transmission is possible.
· Requires much less amount of control overhead compared to codebook-based SM mode.
· Long-term CQI feedback

· No PMI feedback

· Provide higher user throughput under the medium to high time varying channel.

· Reduce UE complexity for measuring CQI, finding preferred codeword index and so on.

Keeping such advantages in mind, it is worth considering an explicit open-loop SM in LTE system. Therefore, in this contribution, we investigate the need of open-loop SM mode and compare the performance between open-loop SM mode and codebook-based closed-loop SM mode.
2. Open-loop SM Mode
      In this section, we briefly introduce an open-loop SM scheme that can be implemented with marginal inclusion of the current specified MIMO schemes in the TS 36.211. 
· An example of open-loop SM scheme  reusing zero/small-delay CDD [2]
The CDD precoding matrix with zero and small delay sample is employed antenna port in order to increase system performance by artificially increasing frequency selectivity. Such small delay sample slightly increases frequency selectivity so that frequency scheduling gain is obtained without the loss of precoding gain. If large delay sample is used instead of small delay sample for the figure 1, much higher frequency selectivity can be obtained at the receiver, thus greatly increasing frequency diversity gain. Keeping that in mind, we can reuse the small delay CDD structure without additional implementation complexity by 
ncludeing single large delay sample for the phase shift diagonal matrix in order to enhance current open-loop spatial multiplexing scheme.
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Figure 1. Small delay CDD precoding structure (DWx)
In figure 1, the matrix 
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 denote number of antenna port and rank, respectively. In addition, 
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 denote transmit signal vector and data symbol vector, respectively. If we employ large delay sample for figure 1, the precoding matrix 
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 since there are no PMI information available at the transmitter.

3. Evaluation Results
In this section, we evaluate the performance of the open-loop SM under various system and channel environment. In the simulation, we assume SFBC+FSTD as a rank-1 open-loop scheme for rank-adapted open-loop SM. Moreover, 4bit HH-codebook is also used for codebook-based closed-loop SM mode. The following Table 1 includes detailed simulation assumptions.

	Parameter
	Assumption

	OFDM parameters
	5 MHz

	Subframe length
	1.0 ms

	Frequency granularity for PMI feedback
	3RBs

	Frequency granularity for CQI feedback
	3RBs

	Channel Models
	6-ray TU channel, ITU pedestrian-A

	Mobile Speed (km/h)
	3 km/h

	Modulation schemes and channel coding rates
	QPSK (R=1/8, 1/6, 1/4, 1/3, 3/7, 1/2, 9/5, 5/8, 7/10, 3/4)

16-QAM (R=4/9, 1/2, 13/24, 5/8, 2/3, 3/4, 5/6)

64-QAM (R= 3/5, 5/8, 17/25, 3/4, 5/6, 9/10, 14/15)

	MIMO Mode
	SU-MIMO with rank adaptation

	MIMO CQI
	Full CQI feedback for both CWs

	CQI update period
	3TTIs

	Channel Code
	Turbo code Component decoder : max-log-MAP

	Codebook
	HH-based codebook [1]

	Rank-adapted SM Schemes
	Scheme 1:  4bit codebook for both rank-1 and rank-2

Scheme 2: SFBC+FSTD for rank-1, 

                  Reused small-delay CDD with (d=64) for rank-2

Scheme 3: SFBC+FSTD for rank-1,

                  Fixed precoding for rank-2

	Antenna configuration
	4 transmitter, 2 receiver => [4Tx, 2Rx]

	Tx, Rx Correlation (Tx %, Rx %)
	(0%, 50%)

	SNR
	20dB

	H-ARQ
	Bit-level chase combining

# of Maximum Retransmission : 6
# of Retransmission delay : 6 TTIs

	Channel Estimation
	1-D Channel Estimation


Table 1. Simulation assumptions
For the evaluation, we assume localized transmission for closed-loop precoding and distributed transmission for rank-adapted open-loop SM. In addition, frequency scheduling is also assumed only for closed-loop precoding. In table 2, the performance comparison between closed-loop precoding and rank-adapted open-loop SM is shown according to the UE mobility. From table 2, it is shown that Scheme 1 shows significant gain in a low UE mobility due to its beamforming gain and scheduling gain. However, in a medium mobility scenario, it doesn’t show any gain even using much larger control signalling overhead and requiring higher UE complexity. In addition, the gain from open-loop SM mode becomes more significant as the Doppler frequency goes higher. Under the frequency diversity limited channel such as ITU Pedestrian-A channel, we can see much larger gain from open-loop SM mode without any PMI-related feedback overhead.
Table 2. Single-user throughput performance 
according to the MIMO schemes and UE mobility in 6-ray TU. 
	              Schemes

Mobile Speed
	Scheme 1 [Mbps]
	Scheme 2 [Mbps]
	Scheme 3 [Mbps]

	
	Localized Allocation
	Distributed Allcoation
	Distributed Allcoation

	3km/h
	4.872
	2.731
	2.898

	30km/h
	2.642
	2.624 (0.6% loss)
	2.397

	60km/h
	2.447
	2.620 (7% gain)
	2.363


Table 3. Single-user throughput performance 
according to the MIMO schemes and UE mobility in ITU-PedA.
	              Schemes

Mobile Speed
	Scheme 1 [Mbps]
	Scheme 2 [Mbps]
	Scheme 3 [Mbps]

	
	Localized Allocation
	Distributed Allcoation
	Distributed Allcoation

	3km/h
	5.937
	3.390
	3.697

	30km/h
	2.505
	2.693 (7% gain)
	2.186

	60km/h
	2.301
	2.677 (14% gain)
	2.136


6. Conclusions

In this contribution, we evaluate the performance of closed-loop SM and open-loop SM in order to see the effect of the CQI mismatch and UE mobile speed. From the evaluation results, we can conclude as follows:

· Codebook-based closed-loop MIMO scheme doesn’t provide performance benefit in a medium UE speed such as 30km/h and 60km/h.

· Open-loop spatial multiplexing scheme performs significantly better as the Doppler frequency goes higher and the frequency diversity in a channel gets decreased.
· Open-loop spatial multiplexing scheme optimized for obtaining diversity gain should be specified

· Spatial multiplexing mode can provide higher throughput performance for high mobility and high geometry UE.

     Therefore, we strongly recommend specifying open-loop SM mode in order not to waste control signalling overhead unnecessarily and for the LTE system to provide robust data transmission for medium to high mobility UE with high geometry.
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