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Discussion
1
Scope

In the last RAN1 meeting, new MIMO scenarios as a part of the study item on DL MIMO enhancements were briefly discussed. Based on the online discussions, the non-uniform network deployment of macro-node, and Remote Radio Heads (RRH)s, was identified as one of the main scenarios to be prioritized for further investigation.

In this contribution, we investigate the issues related to downlink MIMO operation in a single cell using distributed antennas.
2
Introduction
One of the main characteristics of distributed antenna systems (DAS) is that the small scale fades are independent due to the separation of transmission points. Furthermore, the signals transmitted from geographically separated antennas are likely to experience uncorrelated shadowing, and different path losses, as long as there is sufficient spacing between the macro-node, and the RRHs. Therefore, it is expected that by introducing the distributed MIMO systems in Rel-11, the SU-MIMO operation achieves a larger channel capacity than in Rel-10 with the co-located antennas. However, in addition to an adequate scheduling approach, this gain can only be realized when an efficient power allocation scheme is employed over the Transmission Points (TP) to compensate for the macroscopic fading experienced by the signals transmitted from different RRHs.

Another important aspect of DAS is related to MU-MIMO operation. Specifically, the new MIMO scenarios such as those with a macro-node, and low power RRHs, are expected to support more UEs within their respective coverage area as compared to LTE Release 10.  However one of the design limitations of LTE Release 10 is that in case of MU-MIMO only up to four layers can be co-scheduled on the same frequency-time resources (i.e., Resource Blocks). Furthermore, out of these four layers, only two layers are fully orthogonal, and the other two layers are just quasi-orthogonal due to the use of the two scrambling sequences. Note that this later issue results in loss of orthogonality among the UEs which in turn adversely impacts system capacity. Accordingly, MU-MIMO operation in non-uniform networks, particularly for the MIMO scenarios discussed above, may need special considerations. 

In this contribution, we investigate the performance of a DAS MIMO system for both the SU-MIMO, and MU-MIMO, transmission configurations.
3
Simulation Results

A DAS scenario with two TPs, and two users is considered with fixed rank-2 transmission for SU-MIMO and fixed rank-1 transmission for each UE in MU-MIMO. The Rel-8 codebook and feedback mechanisms are used with ZF-beamforming at the eNB transmitter in the case of MU-MIMO operation. Both UEs and TPs are equipped with two antennas (i.e., a 4x2 setup). It is also assumed that one of the UEs is located at the midpoint of the two TPs, while the second UE is much closer to one of the TPs. Accordingly, from the second UE’s viewpoint, the path losses associated with the signals transmitted from two TPs are not equal. Furthermore, it is assumed that the two UEs are experiencing uncorrelated shadowing.
As for downlink transmit power allocation, an equal power allocation approach is employed. To allow a fair comparison it is assumed that the total power allocated for either SU-MIMO, or MU-MIMO, operation is the same. The remaining simulation assumptions for the evaluation shown in this section are tabulated in Table 3 in Appendix.
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Figure 1: SU-MIMO performance for both co-located and distributed antenna scenarios.
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Figure 2: MU-MIMO performance for both co-located and distributed antenna scenarios.
Figure 1 and 2 show the throughput as a function of SNR for SU-MIMO and MU-MIMO operation, respectively. In both figures, the performance with different received powers from the two transmission points is plotted. In this study, the closed-loop MIMO scheme based on Transmission Mode 9 from Rel-10 with co-located antennas is selected as the reference scheme.
4
Discussion
A summary of throughput gain (loss) for different received powers in a DAS scenario, derived from the link-level results in Figures 1 and 2, are provided in Table 1 and Table 2, respectively. As can be seen from these results the throughput is higher when the UE is at equal distance from each of the TPs, and the shadowing is not substantially different over the two TPs. This is partially due to the fact that the relative path loss between the UE, and each of the TPs is almost the same. In contrast to this observation, there is a substantial throughput loss in situations where a UE is close to one of the TPs,  or when one of the signals is experiencing severe shadowing. The latter could be attributed to a rank-deficiency of the channel.
Observation: Both UE’s location, and uncorrelated shadowing, greatly impact the throughput of a distributed MIMO system.

Compared to the baseline Rel-10 co-located antenna scenario, for up to 5 dB difference in the received power, the distributed MIMO scheme with SU-MIMO configuration still has a superior performance. In case of MU-MIMO, it seems the system is more robust and the total throughput of the distributed MIMO system is better than its co-located counterpart for up to 10 dB difference in the received power. This implies that the multi-user diversity gain achieved through the use of MU-MIMO to some extend compensates for the throughput loss due to the received power difference in a distributed MIMO scenario.
Table 1: Throughput gain (loss) in percentage compared to Rel-10 co-located antennas (SU-MIMO)
	
	Pwr. Diff.
	0
	5
	10
	15
	20

	SNR (dB)
	0
	48
	16
	-7
	-17
	-22

	
	5
	24
	3
	-8
	-16
	-20

	
	10
	39
	8
	-10
	-19
	-26

	
	15
	33
	2
	-15
	-25
	-31

	
	20
	30
	4
	-15
	-26
	-32

	
	25
	20
	3
	-13
	-24
	-30

	
	30
	11
	1
	-9
	-18
	-24


Table 2: Total throughput gain (loss) in percentage compared to Rel-10 co-located antennas (MU-MIMO)

	
	Pwr. Diff.
	0
	5
	10
	15

	SNR (dB)
	10
	18
	8
	-1
	-6

	
	13
	19
	9
	0
	-7

	
	16
	18
	9
	-1
	-7

	
	19
	20
	10
	2
	-7

	
	22
	17
	10
	1
	-6

	
	25
	15
	9
	0
	-7

	
	28
	12
	7
	-1
	-8

	
	31
	9
	5
	-1
	-7


One way to address the loss associated with the distributed MIMO is to relax equal power transmission constraints at the eNB transmitter so that an efficient power allocation can be supported over the TPs. As mentioned before, in these studies we applied an equal power allocation scheme in which the available transmit power is uniformly allocated across the two TPs. Note that the Rel-8 constant modulus based codebook performs well assuming the full power transmission at the eNB transmitter under a uniform network deployment with the same pathloss across antenna ports. However, this may not be the case for a DAS scenario due to the significant antenna gain imbalance at the receiver. Therefore, a new transmission scheme with its associated CSI feedback can be studied without the equal power transmission constraints for better support of a DAS scenario.
Observation: The constraint of equal power transmission for CSI feedback at the UE receiver may result in huge performance degradation in a DAS scenario.

Recommendation: For any future performance alignments, a unified approach for DL transmit power allocation need to be specified.
With respect to the MU-MIMO limitations when more than two layers are co-scheduled, comprehensive performance studies have been conducted during the Rel-10 standardization process and it has been shown that there is a significant performance loss associated with quasi-orthogonal DMRS in a 4Tx antenna setup [2]. In a uniform network deployment, the opportunities to schedule more than two layers is relatively low; therefore the 2-layer MU-MIMO capability defined in Rel 8 may be sufficient. However, there is a high possibility to schedule more than two layers for multiple UEs in a DAS scenario especially in situations that the spatial separation is not sufficient to avoid interference. Accordingly, it would therefore be beneficial to study and optimize the DM-RS design for MU-MIMO operation.
Recommendation: Any possible DM-RS enhancement that could potentially guarantee or improve orthogonality among the layers and/or increase the number of layers for MU-MIMO operation is highly desirable.
5
Conclusion

In this contribution, we studied the performance of a distributed MIMO system for both the SU-MIMO, and MU-MIMO transmission configurations. It was shown that with equal power allocation over the TPs, the performance of a distributed MIMO system is highly impacted due to the path loss and shadowing effect. Our recommendations can be summarized as follows:
· For any future performance alignments, a unified approach for DL transmit power allocation need to be specified.

· Any possible DM-RS enhancement that could potentially guarantee or improve orthogonality among the layers and/or increase the number of layers for MU-MIMO operation is highly desirable.
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Appendix
Table 3: Simulation Assumptions 

	Parameter
	Value

	Transmission Bandwidth
	10MHz

	Channel Model
	EPA with 3 km/h

	Number of Tx antennas x number of Rx antennas
	4x2

	Tx antenna configuration for co-located antennas
	Uniform Linear Array with 0.3 correlation

	UE Rx antenna configuration
	Uniform Linear Array with 0.9 correlation

	Receiver Type
	Linear MMSE

	Allocation Size 
	50 RBs

	Precoding granularity
	6 RBs

	PRB bundling
	Disabled

	CQI/Precoding feedback
	Perfect feedback, for the data subband,

	Channel Estimation
	Realistic

	Interference Estimation
	Realistic


