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1 Introduction
Unlike CRS based transmission, the training overhead of UERS based transmission is proportional to the data rank instead of the number of transmit antennas. Thus, UERS based transmission is more suitable for FD-MIMO systems with large number of transceiver units (TXRUs) [1]. In legacy LTE systems, transmission mode 3 (TM3), which relies on CRS for demodulation, supports diversity transmission up to rank four. It is difficult to use the same transmission mode for FD-MIMO systems in which the eNB has a much large number of TXRUs. This contribution proposes a UERS based MIMO transmission mode derived from TM3.
2 Motivation 
The open-loop MIMO technique in Rel-8 was introduced to support UEs which do not have reliable CSI feedback due to high Doppler or feedback errors. The benefits of open-loop MIMO transmission for UE with high mobility are shown in Figure 1, where rank-2 transmission is assumed in the simulation. The details of the simulation setup are provided in the Appendix of this contribution. The link level results clearly show that open-loop transmission outperforms closed loop in the high Doppler scenario. As a conclusion, an open-loop MIMO transmission mode supporting high rank MIMO is necessary for UEs experiencing good geometry but being unable to provide reliable CSI feedback.
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Figure 1: Throughput comparison of open-loop and closed-loop MIMO transmission for high mobility scenario. 
In legacy LTE systems, TM3 is used to support CRS based, high rank, open-loop MIMO transmission. In FD-MIMO systems with a large number of TXRUs, UERS based transmission becomes more efficient because of the reduced training overhead. Although a UERS based, open-loop MIMO mode can be implemented using a UERS based, closed-loop MIMO mode such as TM9/10 without specification change, the performance would be inferior to a standardized, UERS based, open-loop MIMO mode. With the proper standardization support, the decoding chain can be further optimized for UERS based open-loop MIMO transmission for rank greater than one. This leverages the spatial diversity among multiple spatial layers. Moreover, the CSI feedback can be optimized to better match the open-loop MIMO transmission. This is because the closed loop MIMO transmission mode usually requires higher computational complexity and feedback overhead, while it also results in worse performance if the eNB tries to derive open-loop MIMO CSI from closed-loop MIMO CSI feedback.
3 UERS based Diversity for Rank>1
When considering UERS based, high rank, open-loop MIMO, a good starting point would be reusing the existing concept of TM3. This could minimize the standardization effort. In TM3, CRS facilitates channel estimation for demodulation. In the new transmission mode, we replace CRS based demodulation by UERS based demodulation. However, when UERS is used for demodulation, large delay CDD is not directly applicable. We need some modifications to support the large delay CDD operation in a UERS based transmission.
For UERS, we do not apply the CDD matrix 
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 as seen in equation (1).
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where 
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is the precoding matrix for each RB or RB bundle, and 
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stands for the reference signal for the different layers. 
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 changes across RBs or bundled RBs. In contrast to the reference signal, for the data symbols in PDSCH, precoder 
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 matrix, and the U matrix are all applied during precoding. The matrix 
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 varies subcarrier by subcarrier like TM3 in Rel-10:
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The CQI calculation could be similar to TM3 except that the channel should be inferred from the CSI-RS ports instead of the CRS ports.
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Figure 2: Performance comparison between UERS based LD-CDD and UERS based random beamforming (rank 2).

Another alternative to support high rank, open-oop, MIMO transmission would be to use per-RB random beamforming, which removes D(i) and U from precoding in equation (2). Compared with LD-CDD, the CQI feedback of random beamforming is not as accurate. If we adopt the CQI feedback of TM3, one CQI is used to indicate the channel quality for both TBs even though the channel quality of the two TBs is different in random beamforming. In contrast, since the rotational matrix U in LD-CDD averages the channel between different layers, the CQI of LD-CDD shared by the two TBs is more accurate than random beamforming. Figure 2 compares the throughput of UERS based LD-CDD and UERS based random beamforming (the simulation assumptions are listed in the Appendix). As expected, LD-CDD performs better than random beamforming for both antenna configurations. Following our analysis and results, we propose the following:
Proposal 1): Define an UERS based open-loop MIMO transmission mode supporting up to rank 8 transmission based on TM3.

4 Conclusion
In this contribution, we discuss the necessity to support UERS based open-loop MIMO transmission for antenna arrays with a large number of TXRUs. Compared to closed-loop MIMO, open-loop MIMO is more robust to CSI feedback errors caused by high Doppler and errors in the feedback link. As the network evolves with higher antennas, UERS based transmission is more desirable than CRS based transmission. Consequently, a standardized UERS based open-loop MIMO transmission mode can provide better performance than a standard-transparent open-loop in terms of both throughput and feedback overhead.  As a conclusion, we propose the following:

Proposal 1): Define a UERS based open loop MIMO transmission mode supporting up to rank 8 transmission based on TM3.
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Appendix

Table 1: Simulation Assumptions 

	Parameter
	Value

	Allocated RBs
	6RBs

	Channel Model
	SCM high angular spread and 30km/h 

	Antenna Configuration
	eNB: 4Tx | | | |  or X X

UE: 2Rx | | or +

	Receiver Type
	Linear MMSE

	Feedback delay
	8 Subframes

	RI/PMI/CQI Periodicity
	4/2/2 subframes

	CSI feedback mode
	PUCCH 1-0 / PUCCH 1-1 with fixed RI = 2

	Channel Estimation
	2D MMSE

	Noise/Interference Estimation
	Ideal
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