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1 Introduction

At RAN#51 a new study item on downlink MIMO enhancements was agreed [1]. In this contribution we present our views on open loop MIMO schemes that was identified as one of the areas to be studied in this study item. We focus here on SU-MIMO. In companion contributions [2,3] we present our views on feedback improvements and some enhancements for scenarios that we expect to see in real like MIMO deployments that were identified as other aspects to study in [1].

2 Need for an UE-RS based Open Loop Beamforming Mode 
In LTE Release 10, TM9 and associated feedback was primarily designed for closed loop MIMO operation. In this mode typical operation would involve UE identifying and reporting to the eNB a suitable precoder. The eNB would then use the reported precoder to serve the UE. For low speed UEs, the precoders selected based on feedback from the UE is used before the channel has changed significantly and hence the performance is as expected. However, for high speed UEs, when the eNB wishes to schedule the UE, the channel might be significantly different from the one used by the UE for the CQI/PMI computation. In this case, open-loop schemes such as precoder cycling can be employed where several different (randomly selected) precoders are used, one for each RB for example. The aim is to sweep many different directions over the multiple allocated RBs to make the channel appear ergodic.  This was also the motivation for introducing TM3 in LTE. 

In Fig. 1 we show the performance of closed loop precoding versus open-loop beamforming for low speed. The open-loop beamforming scheme used is precoder cycling where only one precoder is used for data on one RB. The simulation assumptions are provided in Appendix-A. 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 improves the performance of closed loop precoding schemes for some bandwidths. Comparisons with 3 RB bundling for closed loop precoding are included in Appendix B. 
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Figure 1: TU 8x2 3 Kmph
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Figure 2: TU 8x2 30 Kmph
[image: image3.emf]-10 -5 0 5 10 15 20 25 30

0

1000

2000

3000

4000

5000

6000

7000

8000

SNR (dB)

Throughput (Kbps)

TU 8x4 30 Kmph

 

 

Closed Loop (PMI based)

Open Loop Beamforming  


Figure 3: TU 8x4 30 Kmph
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Figure 4: TU 8x2 120 Kmph
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Figure 5: TU 8x4 120 Kmph

It should be noted that CRS based SFBC/LD-CDD could be used instead of introducing a new UE-RS based OL BF schemes. However, we believe that UE-RS based solution is preferable due to the following reasons 

· With introduction of UE-RS and CSI-RS, LTE is gradually moving away from CRS and towards UE-RS  based transmission. In addition some designs for HetNet and CoMP require use of UE-RS. 

· Rank and diversity limitation - In some configurations such as 8 CSI-RS ports and 1 CRS port, for 2Rx and 4Rx UEs, it is clear that open-loop beamforming will outperform large delay CDD due to the rank limitation. In systems with 8 CSI-RS ports with 2 CRS configured, 2 Rx UEs could receive different beams on each RB for UE-RS based schemes but would be limited to using the two CRS ports on all RBs for CRS based transmission. 
· Transmission on MBSFN subframes

· Currently no CRS based transmission schemes are defined on MBSFN subframes.

· Even if CRS based LD-CDD scheme is defined for MBSFNB subframes, it  is likely to perform poorly due to the absence of CRS in the PDSCH region and hence a UE-RS based scheme is necessary to support efficient data transmission to high speed UEs.

3 UE-RS based open loop schemes and preliminary performance results

In Table 1 we identify some candidate schemes that can be considered. For rank 1 any of the schemes 1-6 could be used.  For rank 2  only schemes 1-3 apply. For rank > 2 schemes 1 and 3 could be used.  The considered schemes are similar to the schemes used in TM3 (SFBC / LD-CDD) and the per RB precoder cycling approach discussed in the previous section. For each of the schemes the precoders used for the UE-RS could be changing every RB. In case bundling is employed the UE-RS precoders will have to be the same across the bundled RBs. The precoder and mapping used for the data within each RB is described in Table 1. 
Table 1: UE-RS based OLBF schemes

	
	Scheme
	Description

	1
	Open loop beam forming (UE-RS OL-BF)
	Pilot rank is same as data rank. In each RB, pilots and data are sent using the same precoder. 

	2
	UE-RS based Large Delay-CDD with Rank 2 pilots (UE-RS LD-CDD)
	Pilots are transmitted at higher rank than data. In each RE a precoder of dimensions UE-RS Rank x Data Rank is used to map the data ports to UE-RS ports. 

	3
	UE-RS based LD-CDD with pilots rank > 2. 
	Same as 2 but pilots have higher rank. This leads to higher pilot overhead but gives more diversity within an RB.

	4
	UE-RS based SFBC (UE-RS SFBC)
	Pilots are transmitted at rank 2. 

	5
	UE-RS based SFBC-FSTD
	UE-RS pilots are transmitted with rank 4. SFBC-FSTD is employed using the 4 UE-RS ports. Higher pilot overhead than 2 but gives more diversity within an RB.

	6
	UE-RS based LD-CDD + SFBC
	UE-RS Pilots are transmitted corresponding to rank >2. The REs are grouped in groups of size 2 over which SFBC will be performed. A possibly different precoder of dimension UE-RS Rank x 2 is used for both REs in each group. 


Schemes 3,5 and 6 use UE-RS pattern corresponding to rank > 2 and hence have higher pilot overhead than schemes 1,2, and 4. In addition 2Rx UEs currently need to only support channel estimation for rank 2 UE-RS pattern and hence supporting schemes 3, 5, and 6 would significantly increase the implementation complexity for these UEs.  We focus here on 2Rx UE and hence only consider schemes 1,2, and 4. 
For rank 1 transmission open loop beamforming (scheme 1) uses pilots of rank 1 while large delay CDD (scheme 2) and SFBC (scheme 4) uses pilots of rank 2. Hence the channel estimate for demodulation is better for  scheme 1 than for scheme 2 and 4.  However, scheme 2 and 4 provide better diversity within an RB than scheme 1 and hence may perform better for small allocations. For large allocations since precoder switching across RBs already provides sufficient diversity we don’t expect to see much gain. Now comparing scheme 2 and scheme 4, we know that scheme 4 extracts the full diversity of the channel and is hence expected to be better than scheme 2. 
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Figure 6: Ped A 30 Kmph, Rank 1, 1RB
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Figure 7: Ped A 30 Kmph, Rank 1, 4RB
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Figure 8: TU 30 Kmph, Rank 1, 1RB
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Figure 9: TU 30 Kmph, Rank 1, 4RB
In Fig. 6-9 we plot the performance with different schemes for TU and Ped A channels for 1RB and 4RB (contiguous) data allocation. We used a 10MHz, 4x2, system and  assumed wideband feedback matched to the transmission scheme. For the CDD scheme we choose 4 random precoders to use in each RB. From the results we see that SFBC scheme seems to have the best performance though we expect the gap to close when we consider larger allocation sizes. However, while choosing the scheme for rank 1 we should take the following considerations into account. 

· Scheme 1 is already supported in LTE as it is identical in terms of transmission and reception to TM9 and hence require very little additional complexity at UE.  Only corresponding feedback needs to be supported.
· When considering system performance, scheme 1 causes rank 1 interference to UEs of neighbouring eNBs while scheme 2 and 4 either cause or appear to cause rank 2 interference. Rank 1 interferer can be nulled out using MMSE type receiver and  hence use of scheme 1 could provide substantial gains to the UE of the neighboring cell when compared to schemes 2 and 4.
Simulation results comparing schemes 1 and 2 for rank 2 are provided in Fig 10 to 13. Here we see that scheme 2 performs better than scheme 1. However, as was mentioned before, we should also consider the fact that scheme 1 is already supported by the eNB and UE for TM9 when taking a decision on which scheme to use.
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Figure 10: Ped A 30 Kmph, Rank 2, 1RB
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Figure 11: Ped A 30 Kmph, Rank 2, 4RB
[image: image12.emf]-5 0 5 10 15 20 25 30

0

100

200

300

400

500

600

700

800

SNR (dB)

Throughput (Kbps)

TU 30 Kmph

10 MHz, 4x2, Rank 2, 1 RB 

 

 

UERS OL-BF

UERS LD-CDD


Figure 12: TU 30 Kmph, Rank 2, 1RB
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Figure 13: TU 30 Kmph, Rank 2, 4RB
4 Details of Feedback

In Release 10 TM9 already supported two feedback modes

· RI, PMI, CQI targeting closed loop precoding based on CSI-RS
· CQI corresponding to transmit diversity that targets reciprocity based beamforming using CRS
The schemes considered above when used with the currently supported feedback mode are expected to exhibit some performance loss. Therefore, in addition to the supported schemes, the following feedback mode should be considered to target the open loop schemes discussed  in section 3.
· RI, CQI corresponding to the SFBC/open loop beamforming / LD-CDD schemes discussed in this contribution using CSI-RS.
For the feedback mode to support the open-loop schemes the RI/CQI is computed in a manner similar to that for TM3 but from CSI-RS. For example for each RI the UE computes the average rate per layer assuming the eNB allocates data to the UE using several different precoders and maps the average rate to a CQI. For MMSE receivers the CQI is same for all layers.  For advanced receivers such as MMSE-SIC the rate supported on different codewords could be different. However, a similar trade-off existed for TM3 between increased overhead for all UEs and performance improvement for some UEs where it was decided to retain just one CQI for all layers. Hence we propose retaining just one CQI report for all layers similar to than in TM3for the OL-BF schemes discussed in this contribution. 

5 Conclusion

In this contribution we showed that open-loop beamforming performs better than closed loop precoding based scheme at moderate and high speeds. Such a scheme is useful to have to improve performance of high Doppler UEs on MBSFN subframes and when the number of CRS ports is less than the number of CSI-RS ports for UEs with larger number of receive antennas than the configured number of CRS ports. We identified some potential open loop schemes that can be considered for Release 11. 
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Appendix A - Simulation Assumptions 

In Table 3 different simulation assumptions for UE-RS simulations is listed.

Table 2 Simulation Assumptions 
	Parameter
	Open-loop versus closed loop precoding

	Transmission Bandwidth
	5MHz

	Channel Model
	TU with 30, 120 km/h

	Number of Tx antennas x number of Rx antennas
	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 the data subband,

	Precoding granularity
	6RBs

	Number of precoding/rank
	 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 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. 

Appendix B – Comparison of Closed-Loop beamforming with 3RB bundling and Open-loop beamforming
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Figure 6: TU 8x2 30 Kmph
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Figure 7: TU 8x4 30 Kmph
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Figure 8: TU 8x2 120 Kmph
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Figure 9: TU 8x4 120 Kmph 
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