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1 Introduction

During RAN4#56, concerns related to the spatial correlation coefficients for UL MIMO were raised, based on proposed UL MIMO TR ‎[2] and discussion paper in ‎[1]. As an outcome of this discussion, the following table was agreed in the revised UL MIMO TR ‎[4], with square brackets applied to allow further discussion on the correlation coefficients for UL MIMO: 
Table 1 Correlation for High Medium and Low Level 
	Low correlation
	Medium Correlation
	High Correlation

	(
	(
	(
	(
	(
	(

	[0]
	[0]
	[0.3] 
	[0.9] 
	0.9 
	0.9 


It shall be noted, that correlation values as presented in table above, were adopted from DL MIMO ‎[3], where medium level correlation was used with transmit diversity and low level correlation was used with closed loop multi-layer spatial multiplexing. For UL MIMO purposes, mirroring was applied to those correlation values in order to express UL, instead of DL direction. 
In ‎[1], concerns related to the medium correlation level values were raised. It was identified, that for PUSCH rank 2 and rank 3 transmission, medium correlation level value at the UE side (i.e. 0.9), might not allow for proper performance verification of such ranks, as such kind of channel model leads to rank 1 transmission in most cases.  Few possible solutions were also suggested, i.e. to decrease correlation factors. At the same time proponents suggested to focus on rank 1 and rank 4 case, where above mentioned problem was seen as not applicable.  
Based on the above inputs, further investigation was performed to conclude on the concerns raised previously.

2 Discussion
2.1 Performance results for currently defined channel model
In this section we are looking at the UL MIMO performance, assuming channel model currently defined in UL MIMO TR ‎[4]. Simulation assumptions were captured in Annex.  Rank 1 performance was presented together with rank 2 throughput performance, for all currently defined correlation levels ‎[4].
Figure1 shows performance comparison for 2x2 antenna configuration. As can be seen, rank 1 transmission outperforms rank 2 transmission for medium and high correletion levels in presented range of SNR values. Rank 2 transmission with low correlation level at SNR values higher than 15dB is the only reasonable case to consider for performance evaluation for rank 2. 
Figure1: 2x2 case performance comparison, current channel model
[image: image1.emf]2x2 ant config, 3km/h EVA, 4 PRB
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Figure2 shows performance comparison for 2x4 antenna configuration. Conclusions are similar to those derived from 2x4 case, as described above. Rank 1 transmission outperforms rank 2 transmission for medium and high correlation levels, at least up to 21dB SNR. Rank 2 transmission with low correlation is the only reasonable case to consider for performance evaluation for rank 2. 

Figure2: 2x4 case performance comparison, current channel model
[image: image2.emf]2x4 ant config, 3km/h EVA, 4 PRB
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Based on the above observation, it is evident that concerns raised during previous RAN4 meeting were valid. Medium correlation level (as well as high level) is not seen as suitable for rank 2 performance verification.  For multi layer spatial multiplexing performance verification, low correlation level is seen as the most suitable case. 
2.2 Performance results for modified channel model

In this section we are looking at the UL MIMO performance, assuming modified UL MIMO channel model, as suggested in ‎[1], i.e. 0.3 antenna correlation at eNB. Simulation assumptions were captured in Annex.  

Figure3 presents rank 2 performance, as function of the UE antenna correlation for rank 2, where rank 1 performance was kept as reference. As can be seen, reduction of the currently defined antenna correlation at the eNB (i.e. 0.9) makes rank 2 transmission more beneficial shifting the transmission rank switching point to lower SNR values. It is seen, that Rx antenna correlation in order 0,5 - 0,7 would be the most reasonable trade off for medium level correlation coefficient at UE. 
Figure3: 2x2 case performance comparison, modified channel model
[image: image3.emf]2x2 ant config, 3km/h EVA, 4 PRB, Rx corr level: 0.3
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Figure4 shows performance comparison for 2x4 antenna configuration. Conclusions are similar to those derived from 2x4 case, as described above. 
Figure4: 2x4 case performance comparison, modified channel model
[image: image4.emf]2x4 ant config, 3km/h EVA, 4 PRB, Rx corr level: 0.3
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Despite of the results presented above, it shall be kept in mind that defined UL MIMO channel models will be reused also for PUCCH performance requirements, where transmit diversity for 2 Tx antenna case were agreed. Refereing to the DL MIMO, medium level correlation was used with transmit diversity requirements. Therefore, it is suggested not to introduce any modification in the UL MIMO channel model and evaluate this issue further, parallel to the performance requirements development.

2.2 Performance results for 4Tx case

Figure5 presents rank 2 and rank 3 performance. Modified channel model was used (as proposed in ‎[1]), with fixed antenna correlation at eNB and different correlation values at UE side. 
Looking at rank 3 results, it is visible that performance, once again, depends strongly on the correlation. Rank 3 performance requirements are reasonable only for low correlation level, othervise rank 2 provides better throughput. 

Other conclusion might be that channel model suggested in ‎[1] (i.e. 0 Tx corr / 0.3 Rx corr) is not real pain killer for discussed issue and RAN4 might need to look for different kind of solutions to derive reasonable performance requirements for UL MIMO. 

Figure5: 4x4 case performance comparison, modified channel model
[image: image5.emf]4x4 ant config, 3 km/h EVA, 4 PRB, Tx corr level: 0
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3 Conclusion
This contribution discussed on the UL MIMO channel model and correlation levels design for future performance requirements.  Based on the discussion above, it is proposed to consider the following conclusions:
· Rank 1 transmission outperforms rank 2 transmission for medium and high correletion levels 

· Rank 3 and rank 4 tests are sensible only at low correlation level
·  It does not make sense to change medium correlation case only for rank 2 testing, considering also applicability of medium correlation case for TxD test
UL MIMO channel model modification for medium level correlation is not seen as real pain killer for discussed issue and RAN4 might need to look for different kind of solutions to derive reasonable performance requirements for UL MIMO. The proposal is not to introduce any modification in the UL MIMO channel model for that moment and to evaluate this issue further, parallel to the performance requirements development.
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Annex: Simulation assumptions

Simulation assumptions for UL throughput performance comparison:
[image: image6.emf]Description Settings

Carrier center frequency 2.0 GHz

System bandwidth 10 MHz

Effective bandwidth 9 MHz (50 PRB)

PRB allocation 4 PRB

Traffic model  Full buffer

Velocity 3 km/h

Propagation conditions EVA

Receiver MMSE

Rank adaptation disabled

Precoder adaptation enabled, based on noisy CSI

HARQ transmission max 4 transmissions

AMC  enabled, based on noisy CSI

AMC target BLER 10% for 1st transmission 
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