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Discussion
1
Scope

In RAN#51 [1], the evaluation of open-loop MIMO with possible enhancements for the demodulation RS for MIMO was agreed as a part of the study item for DL MIMO enhancements in LTE R11:

· With first priority:

· Identify the need for DL MIMO enhancements, and evaluate such enhancements, applicable to non-uniform network deployments, low-power nodes (including indoor), relay backhaul scenarios, and practical antenna configurations (especially 4 tx, and including geographically-separated antennas i.e. macro-node with low-power RRHs), including:

· Evaluate UE CSI feedback enhancements, including:

· Identify and evaluate techniques for CSI feedback accuracy enhancement, especially for MU-MIMO.

· New codebooks or techniques for codebook selection, modification or update may be included, considering different environments and deployment scenarios.

· Assess the standardization impact of the studied techniques, including impact on CSI payload sizes. If relevant feedback proposals are not directly implicit in nature, the study of testing aspects should be included. 

· Evaluate enhancements for downlink control signalling:
· to support MU-MIMO;
· based on UE-specific reference signals.

· With second priority:
· Evaluate open-loop MIMO, including open loop MU-MIMO operation
· Within the constraint of not introducing new antenna ports, evaluate possible enhancements for demodulation RS for MIMO, including considering improved orthogonality for MU-MIMO and possibilities for DMRS overhead reduction.

In this contribution, we study the potential for use of the UE specific Reference Signal (DM-RS) for demodulation of Open-Loop (OL) MIMO transmissions in R11.  We also consider the potential benefits for this method over that used in LTE R8, specifically open-loop spatial multiplexing using the Cell-specific reference signals (CRS).
2
Introduction
During the development of LTE and LTE Advanced it has been well established that an open loop mode of operation for SU-MIMO is favourable for high mobility UEs.  It has also been observed that an open loop mode of operation can reduce the uplink feedback signalling overhead.
During the development of LTE R10 the DM-RS was introduced for use in Closed-Loop Spatial Multiplexing (CL-SM), also referred to as transmission mode 9.  Using this method the DM-RS is precoded, which allows the UE to determine the effective channel without additional signalling overhead or delay. This resulted in a significant performance improvement for DL SU/MU-MIMO.  Note that the open loop mode of operation in LTE R10 did not change from LTE R8, consequently it would be desirable to explore methods to improve the open loop mode of operation in LTE R11.
In this contribution we consider the use of the DM-RS introduced in LTE R10 for Open-Loop Spatial Multiplexing (OL-SM) to improve the performance of open loop operation in LTE R11 over that attained in either LTE R8 or LTE R10 [2]. In this method both the DM-RS and the PDSCH are precoded using the same but a randomly selected precoder.  The precoder belongs to a codebook which contains a set of precoders known to both the eNodeB, and the UE, similar to the method used for CL-SM in LTE R10.

We also note that since the functionality for the use of DM-RS was introduced in LTE R10, the additional specification changes to improve OL-SM in LTE R11 are very reasonable. 
3
Simulation Results

In this section, we evaluated two variants of open-loop SM that both of which rely on UE-specific reference signals. For both Scheme 1 and Scheme 2, we assumed that UE-Specific Reference Symbols (i.e., DM-RS), together with data (i.e., Physical Downlink Shared Channel (PDSCH)) are precoded using a randomly selected precoder at the RB-level. In Scheme 2, it is also assumed that a combination of large delay CDD and DFT spreading is applied at the subcarrier-level on the PDSCH only. The definition of large delay CDD is based on that of used in Rel-8 for open-loop MIMO.
Given that precoding granularity is per-RB, it is assumed that the UE performs channel estimation based on a single RB. In order to improve channel estimation performance at the UE, the randomly selected precoder may be applied across multiple RBs.

For 4 Tx antenna configuration, the randomly selected precoder belongs to the codebook defined in Rel-8. For 8 Tx antenna configuration, it is assumed that the long term channel, i1, has been fed back while the precoder reflecting short term channel statistics is randomly selected from the 8Tx codebook defined in Rel-10. Specifically, the eNB cyclically assigns a different PMI index, i2, to different RBs for PDSCH transmission.
The performances of closed-loop spatial multiplexing versus open-loop spatial multiplexing using 4x2 and 8x2 antenna configurations for Doppler spreads of 5, 50 and 300 Hz are shown in Fig. 1 to Fig. 3. The link-level simulation parameters are summarized in Table 1 in appendix. In this study, the closed-loop MIMO based on Transmission Mode 9 from Rel-10 is selected as the reference scheme.
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Figure 1: OL versus CL for 4x2 antenna configuration, Doppler frequency = 5 Hz
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Figure 2: OL versus CL for 4x2 antenna configuration, Doppler frequency = 50 Hz
4
Discussion
As can be seen from Fig. 2 and Fig. 3, for moderate to high speed scenarios, the OL schemes slightly out perform their CL counterparts while at low speed the baseline Rel-10 closed-loop scheme clearly outperforms both OL schemes as shown in Fig.1. It is noted that in case of 8 Tx antennas, by using an OL scheme based on the long-term precoding approach, the gap between the open-loop and closed loop precoding schemes is considerably narrowed compared to that of 4 Tx antennas at low speed.  
Another observation is that, both variants of open-loop approach perform almost equivalently. The latter implies that at least for practical antenna configurations there is no meaningful gain associated with the application of large delay CDD on PDSCH. In other words, in OL MIMO, most of the diversity gain can be captured by employing random precoding at the RB-level.
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Figure 3: OL versus CL for 4x2 antenna configuration, Doppler frequency = 300 Hz
It should be noted that this study was conducted in the context of SU-MIMO. However, one important aspect of UE-specific RS is its flexibility for the application of MU-MIMO techniques. Accordingly, the interactions between multiuser diversity and spatial diversity need to be investigated. Consequently we note that MU-MIMO schemes that can exploit multi-user diversity to somewhat compensate for the loss of diversity gain achieved through precoding should be an integrated part of any future open-loop MIMO enhancements.
5
Conclusion

In this contribution, we conducted simulation studies to evaluate the performance of OL MIMO based on UE-specific reference signals. It was shown that for moderate to high speed scenarios, the OL MIMO schemes slightly outperform their CL counterpart. Given that this superior performance is achieved using lower feedback overhead, it is recommended that enhanced MIMO schemes which do not pose any additional constraint on the feedback overhead to be considered for further studies in Rel-11.
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Appendix

	Parameter
	Open-loop versus closed loop precoding

	Transmission Bandwidth
	10MHz

	Channel Model
	TU  for 4 Tx & SCM for 8 Tx with 5, 50 and 300 Hz

	Antenna configuration
	4x2 and 8x2

	Receiver Type
	Linear MMSE

	Allocation Size 
	6 RBs

	Number of Control Symbols
	3

	Number of CRS antenna ports
	2

	CQI/Precoding feedback
	Perfect feedback for each sub-band,

	Precoding granularity
	6RBs for CL and 1 RB for OL

	Channel Estimation
	Realistic (DM-RS based)
Ideal CQI/PMI/RI computation 

	Interference Estimation
	Perfect

	CQI/PMI/RI periodicity
	3 ms

	CQI/PMI/RI feedback delay
	3 ms

	Rank adaptation
	Enabled

	Target BLER
	10%


Table 1 Simulation Assumptions

