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1
Scope

In the last RAN plenary [1], the evaluation of DL MIMO enhancements for non-uniform network deployments such as geographically separated antennas (i.e., macro-node with low power RRHs) was agreed as a part of the study item for DL MIMO enhancement in Rel-11. In this contribution, we evaluate the performance of an enhanced open-loop MIMO scheme for heterogeneous deployments according to the Scenario 4 simulation assumptions described in [2].  
2
Introduction
Conventional MIMO schemes introduced in LTE Rel-8/9/10 use co-located antennas. Recently, for the evaluation of CoMP in heterogeneous deployments, a scenario has been identified which is based on a shared cell-ID approach at both the macro eNodeB, and RRHs (i.e., Scenario 4). Given that in this approach transmission points appear as a single cell, Scenario 4 can be treated as a MIMO system with distributed antennas. Therefore, the possibility of extending MIMO transmission points in a distributed manner is considered here for the Enhanced MIMO feature. 
In low speed scenarios, the Closed-Loop (CL) SM (CL-SM) mode can significantly improve downlink data throughput by using precoding on a transmitted signal before the channel has changed significantly. For moderate and high speed scenarios, due to estimation and transmission delays, it is typically difficult to provide reliable and accurate channel state information at the eNB.  In such cases, Open-Loop (OL) SM (OL-SM) schemes may perform better than their closed loop counterparts.

OL-SM can also be used to reduce the uplink feedback signalling overhead. For instance in case of geographically separated antennas, for efficient distributed MIMO operations, the UE needs to feedback CSI for multiple Transmission Points (TPs). However, this will significantly increase the amount of feedback overhead, particularly for a large number of UEs/transmission points. Therefore, in Rel-11 the MIMO enhancement techniques that lower the uplink feedback signalling overhead should be considered.

In this contribution we apply a dynamic TP selection scheme for OL-SM to facilitate spatial multiplexing operation in LTE R11 for moderate to high mobility UEs. The open-loop spatial multiplexing scheme applies a randomly selected precoder on the UE-specific reference symbols as described in the companion contribution [3]. 
3
Dynamic TP selection for OL SU-MIMO 
The OL-SM SU-MIMO technique presented in this contribution is envisioned for a non-uniform network with low power RRHs within the macrocell coverage wherein the transmission points share the same cell ID as that of the macro cell. Specifically, the central scheduler assigns a subset of transmission points within the macro cell to each UE based on the UE’s wideband CQI/RI report, or the UL path loss. Then, for each sub-band, the UE receives its downlink allocation from a different transmission point which is dynamically selected according to the sub-band CQI reports. Note that in this approach the UE receives its downlink allocation from multiple TPs in a transparent manner. Figure 1 illustrates an example of a non-uniform network for Enhanced MIMO based on the above described scheme.
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Figure 1: Dynamic TP selection for geographically separated antenna scenario
4
Simulation Results and Discussion
The results presented in this section are based on the Scenario 4 simulation methodology described in [2].We assume a non-uniform network with four low power RRHs within the macrocell coverage wherein the transmission points share the same cell ID as that of the macro cell. The detailed system-level simulation assumptions are included in the appendix.
To facilitate the transmission point association, for this initial study we assumed that the sub-band CQI reports associated with the two strongest transmission points are available at the scheduler. In other words, each UE is associated with a maximum of two transmission points which are determined according to the long term received power at each transmission point. However, each sub-band within the UE’s downlink allocation is only transmitted from a single transmission point at each subframe (i.e., no joint transmission). 

The packet scheduling is performed in both the frequency domain and spatial domain according to a Proportional Fair scheduling (PF) methodology. For each sub-band, the reported CQI reports from all the UEs are first weighted according to their PF priorities. Then, for transmission on a given sub-band the scheduler assigns a transmission point to the UE with the highest PF figure.
The average, and coverage, throughput results for both CL and OL SU MIMO are shown in Table 1. In this study, CL SU-MIMO is selected as the reference scheme. It should be noted that for both schemes the scheduling granularity is fixed at 6 RBs. It is assumed that for the precoding granularity, the open-loop MIMO scheme which does not rely on any PMI feedback has a finer precoding granularity (i.e., one RB versus 6 RBs for that of its closed-loop counterpart.).

Table 1: OL SU-MIMO performance for geographically separated antennas

	Number of transmission points
	SU-MIMO     scheme
	User Mean Throughput [Mbps]
	5%-tile User throughput [Mbps]

	1
	Closed-Loop
	0.82878
	0.11078

	
	Open-Loop         
	0.86275 (+4.1%)
	0.10605 (-4.2%)

	2
	Open-Loop         
	0.76959 (-7.1%)
	0.14304 (+29.1%)


As can be seen from Table 1, for a moderate mobility scenario of 30 KM/h, both closed-loop and open-loop SU-MIMO schemes perform equally as long as there is only one transmission point associated to each UE. Note that in case of OL SU-MIMO, there is a slight performance improvement in system throughput which can easily be traded in for higher cell-edge throughput by adjusting the fairness exponent which is assumed to be equal to one throughout this study. It is also notable that from system perspective the achievable gain in case of OL SU-MIMO does not come at the expense of higher overhead. 
Observation: OL SU-MIMO performs equally well compared to CL SU-MIMO in moderate mobility scenarios when each UE is served with one transmission point only. 
In case of two transmission points, the OL scheme shows a significant gain at cell-edge throughput over its CL counterpart, even though this performance gain is achieved at the expense of a slight loss in user mean throughput. The gain in coverage can be explained by the fact that multiple transmission points bring an additional diversity gain which to some extent is achieved by employing the spatial domain.
Observation: OL SU-MIMO outperforms CL SU-MIMO in moderate mobility scenarios when each UE is served with more than one transmission point in a distributed MIMO environment. 

Recently, many companies have shown that there are substantial gains associated with CoMP, in particular at cell-edge. However, these reported gains can only be achieved using CL MIMO when ideal CSI feedbacks corresponding to multiple TPs are available at the eNodeB. Obviously, these conditions cannot be met when the CSI feedback is outdated due to the UE mobility, or feedback delays. In addition, reporting multiple PMI feedback reports will introduce substantial overhead on the system throughput. 
6
Conclusion

In this contribution, we evaluated the performance of an OL SU-MIMO scheme which relies on dynamic TP selection in a geographically separated antenna scenario. It was shown that the OL SU-MIMO provides a significant gain at cell-edge, while also slightly penalizing the system throughput. Given that OL SU-MIMO has lower overhead than its CL counterpart, it is proposed that OL SU-MIMO schemes to be supported in Rel-11. 
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Appendix
	Parameter
	Assumptions

	Deployment
	Scenario 4 with 21 macro cells [4]

	Channel Model
	UMa for high power RRH and UMi for low power RRH

	Antenna configuration
	Cross polarized 2x2

	Precoder
	Cycling Rel-8 2Tx codebook (2 bit)

	Transmission point association
	Long-term received power from different TPs can be perfectly estimated, and the UE is associated with the strongest transmission point(s)

	CSI feedback
	Sub-band CQI and RI feedback for the two strongest transmission points

	Receiver
	MMSE with no inter-cell interference suppression

	Rank adaptation
	Enabled

	Scheduling
	Proportional fair in time and frequency                          with multi-user co-scheduling

	Traffic model
	Full buffer

	CHEST
	Realistic

	Subband size
	6 RBs

	Link adaptation
	Realistic

	CSI feedback period
	10 ms

	CSI feedback delay
	6 ms

	Number of UEs
	10 per macro cell and 5 per RRH  

	UE speeds of interest
	30 km/h


Table 2: System level simulation assumptions
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