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1 Introduction

In this contribution we consider the need for defining a new feedback mode to support open loop beamforming schemes where eNB uses different precoders in every RB. Such a scheme performs better than closed loop PMI based transmission scheme for moderate and high speed UEs. Note that due to support of UE-RS the eNB can already use such a transmission scheme however supporting feedback from the UE is required.  We then investigate if PRB bundling can be used beneficially in this case.  
2 Need for an Open Loop Beamforming Mode 
For low speed UEs, the precoders are typically selected based on feedback from the UE and used before the channel has changed significantly. For high speed UEs, open loop schemes such as precoder cycling can be employed where several different (randomly selected) precoders are used, one for each RB, for the data allocated to the UE. The aim is to sweep many different directions over the multiple allocated RBs to make the channel appear ergodic.  
In Fig. 1 we show the performance of closed loop precoding versus open loop beamforming for low speed. The simulation assumptions are provided in the appendix. We see that at low speed closed loop precoding performs significantly better than open loop beamforming. In Fig. 2 to Fig. 5, we do the same comparison for 30 and 120 Kmph. We see that for higher speeds open loop beamforming clearly outperforms closed loop precoding. It should be noted that we do not consider bundling in these simulations which is expected to only improve performance of the closed loop precoding scheme. 
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Figure 1: TU 8x2 3 Kmph
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Figure 2: TU 8x2 30 Kmph
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Figure 3: TU 8x4 30 Kmph
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Figure 4: TU 8x2 120 Kmph
[image: image5.emf]-10 -5 0 5 10 15 20 25 30

0

1000

2000

3000

4000

5000

6000

7000

SNR (dB)

Throughput (Kbps)

TU 8x4 120 Kmph

 

 

Closed Loop (PMI based)

Open Loop Beamforming  


Figure 5: TU 8x4 120 Kmph

 To decide whether the open loop beamforming mode should be supported we should also compare the UE-RS based schemes against CRS based large delay CDD. In RAN1#62 it was agreed that CSI-RS and CRS are independently configured. In some configurations such as 8 CSI-RS ports and 1 CRS port for 2Rx and 4Rx UEs, and 8 CSI-RS ports and 2 CRS ports for 4Rx UEs it is clear that open loop beamforming will outperform large delay CDD due to the rank limitation.  
3 PRB Bundling for Open Loop Beamforming
Bundling enables UE to estimate the precoded channel jointly across RBs and hence improves the channel estimation performance 

In UE-RS based transmission without bundling since the precoded channel is estimated per RB the same precoder has to be used within an RB while a different precoder can be used across different RBs. If a UE is allocated 4 RBs for data transmission, the eNB can use 4 different precoders. When bundling is enabled, the same precoder has to be used across the bundled RBs thus reducing the number of precoders used. For example, if the bundling size is 2 RBs, for 4 RB data allocation only 2 precoders may be used. This reduction in the number of precoders used could offset the gain due to bundling especially for small data allocations. For large data allocations, such as 24 RB data allocation, the number of precoders used with no bundling is 24 and with 2RB bundling is 12.  The loss due to non ergodicity of the channel from 24 precoders to 12 precoders is expected to be much smaller than when going from 4 precoders to 2 precoders. 
In Fig. 6 to Fig. 17 we present simulation results comparing performance of open loop beamforming with and without bundling for moderate and high speed and for different data allocation sizes. The detailed simulation assumptions for are specified in the Appendix. We observe that for small data allocations such as 4 RBs (Fig. 6 to Fig. 9) bundling hurts performance while for large allocation sizes such as 24 RBs (Fig. 14 to Fig. 17) bundling helps performance. For small data allocation it is beneficial to not have bundling since the gain due to bundling is lost due to use of fewer precoders. For large data allocations bundling is beneficial. 
We therefore propose enabling / disabling bundling for the open loop scheme based on the data allocation size. 
4 RB Data Allocation
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Figure 6: TU 8x2 30 Kmph
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 Figure 7: TU 8x2 120 Kmph
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 Figure 8: Ped A 8x2 30 Kmph
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 Figure 9: Ped A 8x2 120 Kmph
8 RB Data Allocation
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Figure 10: TU 8x2 30 Kmph
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 Figure 11: TU 8x2 120 Kmph
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 Figure 12: Ped A 8x2 30 Kmph
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 Figure 13: Ped A 8x2 120 Kmph
24 RB Data Allocation
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Figure 14: TU 8x2 30 Kmph
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 Figure 16: TU 8x2 120 Kmph
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 Figure 15: Ped A 8x2 30 Kmph
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 Figure 17: Ped A 8x2 120 Kmph
4 Conclusion

In this contribution we studied the need for an open loop beamforming mode and the benefits of bundling if such a mode is adopted.  
We showed that open loop beamforming performs better than closed loop precoding based scheme at moderate and high speeds. We noted that there is a trade-off between the number of precoders used in the open loop transmission scheme and the bundling size. 
We showed that for small data allocation, bundling hurts performance since the channel estimation gain due to bundling is lost due to use of fewer precoders while for large data allocations, bundling is beneficial. We therefore propose enabling / disabling bundling for the open loop scheme based on the data allocation size. 
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Appendix A - Simulation Assumptions 

In Table 1 different simulation assumptions for UE-RS simulations is listed.
Table 1 Simulation Assumptions 
	Parameter
	Open loop versus closed loop precoding
	Bundling for open loop beamforming

	Transmission Bandwidth
	5MHz
	5MHz

	Channel Model
	TU with 30, 120 km/h
	Ped-A, TU with 30, 120 km/h

	Number of Tx antennas x number of Rx antennas
	8x2
	8x2

	Receiver Type
	Linear MMSE
	Linear MMSE

	Allocation Size 
	6 RBs
	4, 8, 24 RBs

	Number of Control Symbols
	3
	3

	Number of CRS antenna ports
	2
	2

	CQI/Precoding feedback
	Perfect feedback, for the data subband,
	No PMI feedback.

Perfect OL CQI feedback.

	Precoding granularity
	6RBs
	-

	Number of precoding/rank
	 64
	 64

	Channel Estimation
	2D MMSE with uniform doppler and delay spread. 

Tuning speed of 10, 30, 120 kmph for speed of 3, 30, 120 kmph

Delay spread assumed to be 3 us for Ped-A and 5 us for TU.

	Interference Estimation 
	Perfect


Further details about the simulations are given below:

· The precoding codebook consists of rotated DFT precoding matrices. 

· CQI/RI/PMI computation is based on perfect channel knowledge with feedback periodicity of 3ms and feedback delay of 3ms.

· Packets are scheduled using the RI, CQI and PMI (when reported) reported by the UE.

· Target HARQ termination: 10% after 1st transmission.

· Per codeword outer loop MCS adjustment loop is run to meet the target termination.

In these simulations, we assume adaptive rank selection. The transmission rank is based on the CQI/RI/PMI report from the UE. 
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