
Taipei, Taiwan, Feb 21st – 25th 2011
Agenda Item:
6.2.2.2
Source: 
Intel Corporation (UK) Ltd
Title:
Standardized UE-RS Based Open Loop SU-MIMO
Document for:
Discussion
1. Introduction

Open loop SU-MIMO is easier to deploy and has better performances than closed loop SU-MIMO for medium to high mobility and the case that reliable CSI feedback is unavailable. Transmission mode 3 is defined in LTE Rel. 8 as CRS based open loop SU-MIMO transmission mode. Random beamforming plus large delay CDD will be used to realize open loop SU-MIMO transmission. In LTE-A Rel.10, CSI-RS and DMRS have been defined to assist link adaptation and PDSCH demodulation for TM9. Many of the functions in CRS have been moved to CSI-RS and DMRS. In RAN1#62 it was agreed that CSI-RS and CRS are independently configured. For example, one operator can have an 8Tx antenna eNB and configures it with 8 CSI-RS ports and only with 2 CRS ports. In CoMP systems, the 2 CRS ports and 8 CSI-RS ports can be further mapped to different physical antennas in different physical locations. In such a configuration, having 4 Tx or even 8Tx antenna open loop SU-MIMO becomes unfeasible through CRS. 
 Even though it is possible to implement open loop SU-MIMO with TM9 without standardization by applying a random beamformer per PRB bundle, a standardized solution can have better performance. Therefore, there is a need to define open loop SU-MIMO based on CSI-RS. In [2], a solution is proposed. Along the same line, we propose a further optimized scheme. This contribution presents a standardized open loop SU-MIMO based on UE-RS. The targeting release is LTE-A Rel.11.
2. Review of TM3
In 6.3.4.2.2 of [1], the precoder for PDSCH with large delay CDD can be changed every v subcarriers for TM3 when the rank v is greater than one. The large delay CDD operation concatenates three matrices predefined. 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 follows [1]
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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.
3. UE-RS based open loop SU-MIMO
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 
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will not be used for UE-RS precoding. That is
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where 
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is the precoder matrix staying constant for each RB or RB bundling, and 
[image: image5.wmf]r

stands for the reference signal for different layer. 
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 changes across RBs or RB bundling. For data symbols in PDSCH, precoder 
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 matrix, and the U matrix are used for precoding. The matrix 
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 changes from subcarrier to subcarrier just as TM3 in Rel.8:
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For 8 CSI-RS ports, W(iRB), D(i) and U can be defined similarly as 2 CRS and 4 CRS ports in TM3.
4. 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. 
Fig.1~4 give the link level performance comparison of the scheme I and scheme II. The same as inTM3, only the CQI of the first codeword is fed back. The simulation assumptions are listed in appendix A. 
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Figure 1, 8Tx, 2Rx, ULA, 30km/h, rank 2
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Figure 2, 8Tx, 2Rx, ULA, 120km/h, rank 2
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Figure 3, 8Tx, 2Rx, X pol, 30km/h, rank 2
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Figure 4, 8Tx, 2Rx, X pol, 120km/h, rank 2
5. Conclusion
In this contribution we propose a standardized solution for UE-RS based open loop SU-MIMO, which is an extension of TM3 in Rel.8. The proposed solution has better performance than per RB based random beamforming when CQI is reported using mode PUCCH 1-0. 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.
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7. Appendix A
Table 1 Simulation Assumptions 
	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

	Channel Estimation
	2D MMSE


	Interference Estimation
	Ideal
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