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1
Introduction

In the new Study Item on downlink MIMO enhancements for LTE-Advanced [1], one topic to be studied is listed as follows:

· Evaluate open-loop MIMO, including open loop MU-MIMO operation
i.e. question is whether additional standardized open-loop MIMO schemes operating on UE-specific RS are needed. In this contribution we discuss potential motivations for introducing additional specification support for UE specific RS -based open-loop MIMO schemes, and also provide our simulation results on the benefits of new open-loop MIMO schemes.

2
Discussion
Already Release 8 supports open-loop MIMO using transmission mode 3 which is based on common reference signals. In contrast to UE-specific reference signals, common reference signals have a very low overhead and hence TM3 provides an extremely competitive benchmark against any potential open-loop MIMO schemes based on UE-specific RS.
Observation: In TM3, a very low reference signal overhead is imposed on PDSCH transmission compared to UE-specific RS.
Open-loop SU-MIMO based on UE-specific RS has been studied in [2]

 REF _Ref291072226 \r \h 
[3]. The main motivation to study new open-loop MIMO schemes comes from the new reference signal paradigm introduced in Release 10 with CSI-RS and UE-specific RS: CSI-RS are specified such that their configuration is independent of the CRS configuration, hence typically with a large number of antennas (4Tx/8Tx) one would virtualize the antennas into for example two CRS antenna ports and instead utilize CSI-RS for full CSI feedback for Release 10 UEs. This limits transmission rank in TM3, for example a 4Rx UE capable of 4 layers can only be scheduled with up to rank 2 in TM3 in case only 2 CRS are configured. Providing SU-MIMO support over UE-specific RS could therefore improve performance since this would overcome the rank limitation related to TM3.

Observation: In TM3, transmission rank may be limited by the number of configured CRS antenna ports.
Hence on one hand in TM3 there is the lower overhead of common reference signals compared to UE-specific reference signals, and on the other hand TM3 is rank-limited in Release 10 configurations where antennas are virtualized into a fewer number of CRS ports. In the next section we provide simulation results on the overall impact of these two aspects. It is noted that virtualization of antennas into only one CRS port does not seem to be a very likely configuration due to its impact on control channel performance and also on the overall performance of legacy UEs.
Another motivation for additional open-loop SU-MIMO mentioned in [3] is the support of PDSCH transmission in MBSFN subframes. TM3 obviously is not feasible in MBSFN subframes due to lack of CRS, hence in order to support high speed UEs also in MBSFN subframes, open-loop SU-MIMO based on UE-specific RS would be needed. Another aspect is then whether the scheme needs to be standardized. Basically, open-loop SU-MIMO can be already done for example via PMI disabling in TM9 – this switches off PRB bundling so precoders can be cycled on per-PRB basis. At the same time CQI is provided based on Tx diversity assumption on the reference transmission scheme – this should provide a reasonable measure of the underlying interference, and the higher-layer configured parameter nomPDSCH-RS-EPRE-Offset can be used (together with outer loop link adaptation) to control the CQI offset (if any) between Tx diversity and precoder cycling. Assumption has been that specifying the related CQI reporting could improve performance due to potentially improved link adaptation, however no simulation analysis of this impact has been shown.
Observation: Standardized open-loop MIMO based on UE-specific RS should be benchmarked also with existing mechanisms to provide open-loop MIMO support with UE-specific RS.

3
Simulations
In this section we provide our link simulation results on benefits of UE-specific RS –based open-loop MIMO. Essentially, the simulations provide some insight to the tradeoff between the increased RS overhead and the fact that UE-specific RS –based schemes do not suffer from the same rank limitation as TM3. Our link simulation assumptions are listed in Appendix A.
3.1
Simulated transmission schemes

We simulated following antenna configurations: 4x2, 4x4, 8x2 and 8x4. In the 4Tx cases, the schemes that were simulated were the following ones:
· Release 8 TM3 with rank limited to two due to 2 CRS ports.

· Release 10 closed-loop spatial multiplexing.
· Per-PRB precoder cycling with UE-specific RS, where the precoders were cycled in the same order as in TM3.
In 8Tx, per-PRB precoder cycling was not simulated since the 8Tx arrays exhibit a high spatial correlation, hence most of the time the precoders would be transmitting the signal into the null space of the channel. Thus the scheme is not expected to perform very well with practical antenna arrays. Instead we considered a long-term precoding scheme that utilizes the correlation properties of the channel: In this scheme, we utilize the first PMI index i1 from 8Tx codebook, and the cycle per-PRB through a subset of PMI indices i2. Essentially such a scheme could be working such that the UE only transmits the i1+RI jointly coded report (as in PUCCH mode 1-1 submode 1) along with a corresponding CQI. Index i1 is not expected to change very frequently, hence even a very infrequent reporting could be enough (in the simulations we used 30 ms reporting periodicity). To summarize, our simulated 8Tx schemes were the following ones:
· Release 8 TM3 with rank limited to two due to 2 CRS ports.

· Release 10 closed-loop spatial multiplexing.

· Long-term precoding utilizing i1 from the 8Tx codebook as described above.

3.2
Simulation results

Figure 1 and Figure 2 show the link simulation results for 4x2 and 4x4 antenna configurations, respectively. As expected, in 4x2 at 3 km/h the Release 10 closed-loop MIMO performs the best, even though due to higher RS overhead the gap to TM3 is fairly small. In contrast, at 30 km/h and 120 km/h TM3 performs the best, and especially it performs better than the precoder cycling scheme. In 4x4, the rank limitation of TM3 impacts the performance only at very high SNR (almost unrealistically high), and in fact TM3 overall still performs extremely well. It is noted that in a correlated channel even the Rel-10 closed-loop MIMO scheme works sufficiently well even at higher speeds as it is able to capture some of the channel correlation. In fact the precoder cycling scheme is the worst scheme in all simulated cases.

[image: image1]
Figure 1. Link simulation results for 4x2 antenna configuration.
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Figure 2. Link simulation results for 4x4 antenna configuration.

Figure 3 and Figure 4 show the results for 8x2 and 8x4 antenna configurations, respectively. Again, TM3 is extremely competitive and the rank limitation of TM3 is only visible at high SNR in 8x4. Again it is seen that even the Rel-10 closed-loop MIMO scheme performs very well in such correlated channels as it is able to capture the channel correlation. In fact when comparing to the long-term precoding scheme, it is clearly visible that the other index i2 only impacts the performance at low speed. Thus the long-term precoding scheme is obviously not able to beat the normal Rel-10 closed-loop scheme at any speed since both schemes essentially rely on the same i1 feedback.

[image: image3]
Figure 3. Link simulation results for 8x2 antenna configuration.


[image: image4]
Figure 4. Link simulation results for 8x4 antenna configuration.
4
Conclusions

We have discussed the need for new standardized open-loop MIMO schemes based on UE-specific RS. Our simulation results show that in fact due to low overhead TM3 provides an extremely competitive choice even when the transmission rank is limited by the number of configured CRS ports. On the other hand, even Release 10 closed-loop spatial multiplexing works sufficiently well in practical correlated channels where the closed-loop methods still tend to capture some of the channel spatial correlation. Finally, as we have pointed out, open-loop MIMO schemes based on UE-specific RS can already be implemented within Release 10 specifications. Based on this, we draw the following observation:
Observation: There does not seem to be a well-justified need for standardized UE-specific RS –based open-loop MIMO schemes.
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Appendix A – Link simulation parameters

	Parameter
	Value

	System bandwidth
	5 MHz

	Carrier frequency
	2.0 GHz

	Antenna configuration at eNB
	{2, 4, 8} cross-polarized

	Antenna configuration at UE
	{2, 4} cross-polarized

	PDCCH/PDSCH configuration
	3 OFDM symbols for PDCCH, 11 for PDSCH

	Channel model
	SCM Urban Macro NLOS

	UE velocity
	{3, 30, 120} km/h

	Transmission mode
	Rel-8 precoding with large delay CDD (TM3)

Rel-10 closed-loop spatial multiplexing (TM9)

4-Tx per-PRB precoder cycling

8-Tx long-term precoding

	Precoding
	Rel-8 codebook for 2-Tx

Rel-8 codebook for 4-Tx

Rel-10 double codebook for 8-Tx

	Precoding granularity
	WB precoding: 25 PRB

NB precoding: 1 PRB

	PMI reporting delay
	4 ms

	PMI reporting periodicity
	(W1, W2) = ({10, 30} ms, 10 ms). 30 ms W1 periodicity was used for the 8Tx long-term precoding scheme.

	Number of layers
	Fixed rank 1-4, throughput envelope by post-processing

	Modulation and coding
	Adaptive MCS

	HARQ
	Max. number of transmissions 4

	Number of allocated PRBs
	4

	CSI-RS configuration
	4-Tx or 8-Tx CSI-RS, 10 ms periodicity

	CRS configuration
	2 CRS ports

	DM-RS configuration
	DM-RS pattern for ranks 1-4

	Channel estimation algorithm
	Realistic channel estimation over CSI-RS for PMI selection and DM-RS for demodulation


[image: image5.emf]-5 0 5 10 15 20 25 30

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

x 10

6

SNR [dB]

Throughput [bit/s]

 UMa NLOS 3 km/h, 4x2/2x2 Xpol, 0.5



 

 

Rel-8 OL-MIMO (TM3) (ranks 1-2)

Rel-10 CL-MIMO (TM9) (ranks 1-2)

4Tx per-PRB prec. cycling (ranks 1-2)

[image: image6.emf]-5 0 5 10 15 20 25 30

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

x 10

6

SNR [dB]

Throughput [bit/s]

 UMa NLOS 30 km/h, 4x2/2x2 Xpol, 0.5



 

 

Rel-8 OL-MIMO (TM3) (ranks 1-2)

Rel-10 CL-MIMO (TM9) (ranks 1-2)

4Tx per-PRB prec. cycling (ranks 1-2)

[image: image7.emf]-5 0 5 10 15 20 25 30

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

x 10

6

SNR [dB]

Throughput [bit/s]

 UMa NLOS 120 km/h, 4x2/2x2 Xpol, 0.5



 

 

Rel-8 OL-MIMO (TM3) (ranks 1-2)

Rel-10 CL-MIMO (TM9) (ranks 1-2)

4Tx per-PRB prec. cycling (ranks 1-2)

[image: image8.emf]-5 0 5 10 15 20 25 30

0

1

2

3

4

5

6

7

x 10

6

SNR [dB]

Throughput [bit/s]

 UMa NLOS 120 km/h, 4x4/2x4 Xpol, 0.5



 

 

Rel-8 OL-MIMO (TM3) (ranks 1-2)

Rel-10 CL-MIMO (TM9) (ranks 1-4)

4Tx per-PRB prec. cycling (ranks 1-4)

[image: image9.emf]-5 0 5 10 15 20 25 30

0

1

2

3

4

5

6

7

x 10

6

SNR [dB]

Throughput [bit/s]

 UMa NLOS 3 km/h, 4x4/2x4 Xpol, 0.5



 

 

Rel-8 OL-MIMO (TM3) (ranks 1-2)

Rel-10 CL-MIMO (TM9) (ranks 1-4)

4Tx per-PRB prec. cycling (ranks 1-4)

[image: image10.emf]-5 0 5 10 15 20 25 30

0

1

2

3

4

5

6

7

x 10

6

SNR [dB]

Throughput [bit/s]

 UMa NLOS 30 km/h, 4x4/2x4 Xpol, 0.5



 

 

Rel-8 OL-MIMO (TM3) (ranks 1-2)

Rel-10 CL-MIMO (TM9) (ranks 1-4)

4Tx per-PRB prec. cycling (ranks 1-4)

[image: image11.emf]-5 0 5 10 15 20 25 30

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

x 10

6

SNR [dB]

Throughput [bit/s]

 UMa NLOS 3 km/h, 8x2/2x2 Xpol, 0.5



 

 

Rel-8 OL-MIMO (TM3) (ranks 1-2)

Rel-10 CL-MIMO (TM9) (ranks 1-2)

8Tx long-term precoding (ranks 1-2)

[image: image12.emf]-5 0 5 10 15 20 25 30

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

x 10

6

SNR [dB]

Throughput [bit/s]

 UMa NLOS 30 km/h, 8x2/2x2 Xpol, 0.5



 

 

Rel-8 OL-MIMO (TM3) (ranks 1-2)

Rel-10 CL-MIMO (TM9) (ranks 1-2)

8Tx long-term precoding (ranks 1-2)

[image: image13.emf]-5 0 5 10 15 20 25 30

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

x 10

6

SNR [dB]

Throughput [bit/s]

 UMa NLOS 120 km/h, 8x2/2x2 Xpol, 0.5



 

 

Rel-8 OL-MIMO (TM3) (ranks 1-2)

Rel-10 CL-MIMO (TM9) (ranks 1-2)

8Tx long-term precoding (ranks 1-2)

[image: image14.emf]-5 0 5 10 15 20 25 30

0

1

2

3

4

5

6

7

x 10

6

SNR [dB]

Throughput [bit/s]

 UMa NLOS 3 km/h, 8x4/2x4 Xpol, 0.5



 

 

Rel-8 OL-MIMO (TM3) (ranks 1-2)

Rel-10 CL-MIMO (TM9) (ranks 1-4)

8Tx long-term precoding (ranks 1-4)

[image: image15.emf]-5 0 5 10 15 20 25 30

0

1

2

3

4

5

6

7

x 10

6

SNR [dB]

Throughput [bit/s]

 UMa NLOS 30 km/h, 8x4/2x4 Xpol, 0.5



 

 

Rel-8 OL-MIMO (TM3) (ranks 1-2)

Rel-10 CL-MIMO (TM9) (ranks 1-4)

8Tx long-term precoding (ranks 1-4)

[image: image16.emf]-5 0 5 10 15 20 25 30

0

1

2

3

4

5

6

7

x 10

6

SNR [dB]

Throughput [bit/s]

 UMa NLOS 120 km/h, 8x4/2x4 Xpol, 0.5



 

 

Rel-8 OL-MIMO (TM3) (ranks 1-2)

Rel-10 CL-MIMO (TM9) (ranks 1-4)

8Tx long-term precoding (ranks 1-4)

