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1 Introduction
The agreed  eFD-MIMO WI [1] includes DMRS based open loop in its scope: “Evaluate and, if needed, specify enhancement to support DMRS-based open-loop transmission with the existing numbers of CSI-RS ports as well as the newly supported number of CSI-RS ports, in the following areas”. Open loop techniques have been widely used in legacy LTE networks such as TM 2/3. The main benefits of open loop MIMO compared to closed loop MIMO is its robustness in high Doppler scenario and scenarios in which reliable CSI feedback cannot be obtained. However, those legacy open loop TMs are CRS based and lack forward compatibility when network evolves towards DMRS based TMs. It maybe arguable whether we can simply use DMRS-based closed loop TMs as standard transparent open loop transmission, we still believe standardized DMRS-based has additional benefits in terms of performance and feedback overhead. In fact, we have contributed such techniques to 3GPP in a much earlier release [2]. This contribution provides some further update.
2. Review of TM3
In TM3, the precoder for PDSCH with large delay CDD can be changed every v subcarriers when rank v is greater than one. The large delay CDD operation concatenates three matrices. The first matrix is a random beamformer selected from the 2Tx/4Tx codebook and the other two are CDD matrix and a rotation matrix, respectively. The precoding for large delay CDD spatial multiplexing is defined as (1).


	                                                           	

where W(i) is changed per v subcarriers and D(i) is changed per subcarrier.

For every v contiguous subcarriers, the same random beamformer forms v beams. Within the v contiguous subcarriers, the CDD matrix D(i) cyclically change the mapping of v intermixed data symbols to the v beams formed by the random beamformer.  The per-subcarrier rotation of the effective precoder makes the channel qualities of the transport blocks close to each other. Thus UE only needs to feed back one CQI even when the rank is greater than one. For rank one open loop transmission in TM3, SFBC is used.

3. DMRS-based open loop SU-MIMO for rank > 1
When UE-specific RS is used for channel estimation, large delay CDD is not directly applicable. However, with some modifications as below, large delay CDD can be applicable to UE-RS.
For the UE-RS, only per RB based random beamforming is applied. The CDD matrix D(i) and the rotation matrix U will not be used for UE-RS precoding. That is:


	                                                      	






where is the precoder matrix staying constant for each RB or RB bundling, and stands for the reference signal for different layer.  changes across RBs or RB bundling. For data symbols in PDSCH, precoder , the  matrix, and the U matrix are used for precoding. The matrix  changes from subcarrier to subcarrier just as TM3 in Rel.8:

		                                                
For 8 DMRS ports, W(iRB), D(i) and U can be defined similarly as 2 CRS and 4 CRS ports in TM3.

4. DMRS-based open loop SU-MIMO for rank one
For rank one data transmission, we can define open loop SU-MIMO using either transmit diversity or per-RE based precoder cycling. In both cases, DMRS may be transmitted using 2 or 4 ports. For transmit diversity, SFBC can be applied to a pair of 2 or 4 REs consecutive in the frequency domain. For per-RE precoder cycling, data REs are alternatively associated to multiple DMRS ports for channel estimation. Although it is well known that SFBC has better diversity effect than per RE based precoder cycling, per RE precoder cycling does not create any orphan REs which may not be suitable for SFBC transmission. Thus we slightly prefer per RE precoder cycling to SFBC for rank one transmission.

Proposal 1: If DMRS-based open loop transmission mode is introduced, pre RE precoder cycling is slightly preferred to transmit diversity such as SFBC for rank one transmission.

5. Link level performance
In this section we compared two schemes for rank greater than one:

· Scheme I: the scheme depicted in section 3, which applies per RB based random beamforming for both UE-RS and PDSCH and adds per subcarrier large delay CDD (i.e. D(i)U) for PDSCH.

· Scheme II: apply only per RB based random beamforming for both UE-RS and PDSCH. 

[bookmark: _GoBack]Figures 1-4 provides the link level performance comparison of the scheme I and scheme II. The same as in TM3, only single CQI fed back is used. The simulation assumptions are listed in appendix. 
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Figure 1, 8Tx, 2Rx, ULA, 30km/h, rank 2              Figure 2, 8Tx, 2Rx, ULA, 120km/h, rank 2
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Figure 3, 8Tx, 2Rx, X pol, 30km/h, rank 2              Figure 4, 8Tx, 2Rx, X pol, 120km/h, rank 2

From the link level simulation results, it can be observed that in both medium and high speed and ULA and XPol antennas, scheme II consistently outperforms scheme I. And this link level performance gain is obtained with less CSI feedback overhead. Thus, we propose:
Proposal 2: If DMRS-based open loop transmission mode is introduced, UERS based LD-CDD should be defined for rank 2-8.

6. Conclusion
In this contribution we propose a standardized solution for DMRS-based open loop SU-MIMO, which is an extension of TM3 in Rel.8. The proposed solution has better performance and less overhead than per RB based random beamforming. For operators who have already deployed TM3, it will provide a smooth migration path when the network is evolving from CRS based transmission modes to CSI-RS/UE-RS based transmission modes. We recap our proposals as:
Proposal 1: If DMRS-based open loop transmission mode is introduced, pre RE precoder cycling is slightly preferred to transmit diversity such as SFBC for rank one transmission.
Proposal 2: If DMRS-based open loop transmission mode is introduced, UERS based LD-CDD should be defined for rank 2-8.
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	Parameter
	Value

	Bandwidth / Allocated RBs
	10MHz / 50RBs

	Channel Model
	SCM high angular spread with 30, 120 km/h 

	Antenna Configuration
	eNB: 8Tx | | | | | | | | and X X X X
UE: 2Rx | | and +

	Receiver Type
	Linear MMSE

	Number of Control Symbols
	3

	Number of CRS ports
	2

	CQI feedback mode
	PUCCH 1-0 for open loop transmission
PUCCH 1-1 for closed loop transmission

	Channel Estimation
	2D MMSE


	Interference Estimation
	Ideal
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