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1 Introduction
Two dimensional antenna arrays (2DAAs) and 1D antenna arrays with larger antenna apertures have different characteristics than the antenna arrays considered in prior releases, most notably better spatial separation between UEs due to the larger number of controllable antenna elements/TXRUs.  This better spatial separation may allow more UEs to be transmitted simultaneously from an array, and so makes them a candidate for use with MU-MIMO transmission.  However, an increase in co-scheduled UEs could lead to degraded channel estimation, and so the EBF/FD-MIMO study [1] is evaluating the need for reference signal design enhancements including for DMRS.
This paper follows on from [2], further considering the potential of 2DAAs to co-schedule more MU-MIMO UEs.  As discussed in [3], MU-MIMO requires higher resolution CSI feedback when used in 2DAAs for the best performance. In order to determine the maximum potential for co-scheduling, we therefore study the performance with ideal channel state information.  We also consider additional factors that help determine the need for DMRS enhancements, which lead to proposals for baseline receiver assumptions and system level evaluations.
2 Discussion
As will be seen in Section 3, MU-MIMO scheduling is common in 2DAAs.  However, increased co-scheduling does not automatically mean that enhanced channel estimation mechanisms are beneficial, as discussed in more detail in [2].  The need for better channel estimation is driven by the likelihood of multiple UEs being co-scheduled (including having data in their buffers to schedule) and at the same time being in conditions where improved channel estimation allows better interference suppression. Furthermore, Rel-13 UEs are also likely to have NAICS capabilities that improve serving cell DMRS channel estimation, and this kind of behavior is also implied by Rel-10 MU-MIMO with different scrambling IDs.  These techniques should be taken into account when evaluating the performance of channel estimation using orthogonal and non-orthogonal DMRS.

Given that channel estimation for MU-MIMO is heavily driven by scheduling and relative channel conditions between scheduled UEs, careful system level modeling is critical.  Evaluations should then focus on: 

· System level performance especially considering realistic traffic models, rank adaptation, and the performance of channel estimation for the paired MU-MIMO UEs.

· If increases in orthogonal DMRS are proposed, accurate system level modeling is needed, taking into account the impact of spatial separation on channel estimation performance as a function of the scheduler.

· Link level evaluations supporting the system level studies for the number of spatially multiplexed layers that are most likely to occur at the system level in 2DAA scenarios

· Simulation assumptions for link level should be set based on system level statistics of rank and MCS.  An approach similar to what was done for the NAICS phase-2 study [1] could be used.

Observations:

· While there is relatively high MU-MIMO co-scheduling in 2DAAs, this does not automatically mean that enhanced channel estimation mechanisms are beneficial.

· Rel-13 UEs are likely to have mechanisms to improve DMRS channel estimation.
Proposals:
· Evaluations of the need for DMRS enhancements for MU-MIMO should take into account the benefit of Rel-12 UE receiver functionality.
· System level performance for DMRS enhancements should be carefully evaluated considering realistic traffic models, rank adaptation, and focusing on cross polarized antennas.

· If increases in orthogonal DMRS are proposed, accurate system level modeling is needed, taking into account the impact of spatial separation on channel estimation performance as a function of the scheduler.  Proponents should provide the details of such models, and preferably use a common model.

· Parameters for link level evaluations (such as rank and MCS) in support of the system level study are determined from scheduling statistics of 2DAA scenarios
3 Simulation Results
In this section, we have performed system simulations with ideal channel state information available at the transmitter in order to obtain an upper bound on the number of spatially multiplexed layers that need to be supported in order to reap MU-MIMO gains. We have assumed an (M,N,P,Q)=(8,4,2,64) antenna, i.e. an antenna array of cross-poles with eight rows and four columns, where each antenna element is connected to a TXRU. The scenario used for these evaluations is the 3D UMi with 2 GHz carrier frequency. It is acknowledged that this scenario and antenna model should be able to provide good spatial separation of users and thus be an MU-MIMO friendly setup.  Furthermore, since ideal channel estimation is used in these upper bound simulations, the impact of non-ideal channel estimation is FFS, and this should be considered especially for more than 2 DMRS ports.
We present evaluation results comparing a SU-MIMO system with MU-MIMO systems where a limit on the maximum total number of spatially multiplexed layers has been set to 4, 8 or 16. Both SU- and MU-MIMO transmission employ per-user SVD precoding with dynamic rank adaptation. In Table 1, user throughput gain numbers at 50% baseline RU are presented. MU-MIMO is observed to nicely expand mean user throughput and cell edge throughput on top of SU-MIMO by roughly 20% and 60%, respectively.  Furthermore, there seems to be essentially no loss in performance if the limit on the maximum number of spatially transmitted layers is set to 4, compared to if more transmitted layers are permitted.
In Figure 1, the probability distributions of multi-user transmission rank for the three simulated MU-MIMO cases are compared at the same offered traffic, corresponding to around 70% resource utilization.

Observations:

· MU-MIMO has strong potential to further expand capacity and cell edge throughput gains for 2DAAs on top of SU-MIMO techniques
· MU-MIMO transmissions of total 3 layers or more are common

· An MU transmission with more than ~8 total layers does not seem to be scheduled even if it is permitted.

· When limiting the total number of spatially multiplexed layers to 4, a lot 4 layer transmissions occur that would otherwise have been scheduled with a higher transmission number of layers. However, as indicated in Table 1, this does not have a negative performance impact.

· The impact of non-ideal channel estimation for more than 2 DMRS ports is FFS.
Table 1: Performance results

	Baseline resource utilization: 50%
	
	

	System
	Cell-edge user-throughput [bps/Hz/user]
	Mean user-throughput [bps/Hz/user]

	
	Baseline
	Gain [%]
	Baseline
	Gain [%]

	SU MIMO
	0.75
	0%
	2.78
	0%

	MU MIMO Max MU layers: 4
	60%
	
	19%

	MU MIMO Max MU layers: 8
	52%
	
	18%

	MU MIMO Max MU layers: 16
	52%
	
	18%
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Figure 1: Distribution of the total number of spatially multiplexed layers, seen from the eNB, at 70%RU.

4 Conclusion
This contribution has considered factors affecting the need for DMRS enhancements in support of MU-MIMO operation in 2DAAs.  Evaluations with ideal CSI feedback were used to upper bound the amount of MU-MIMO co-scheduling, and therefore a maximum number of DMRS that could be required. However, while an increased amount of MU-MIMO co-scheduling is a necessary condition, it is not a sufficient condition for DMRS enhancements to be needed. This is because benefits of an increased number of DMRS depend on the loss directly resulting from degraded channel estimation, rather than losses from both channel estimation and the presence of interfering PDSCH modulation symbols.  Therefore, careful system level evaluations are needed to determine the benefit of DMRS enhancements.  Our observations and recommendations on system evaluations can be summarized:
Observations:

· MU-MIMO has strong potential to further expand capacity and cell edge throughput gains for 2DAAs on top of SU-MIMO techniques.
· Transmissions of a total of 3 or more MU-MIMO layers are common, however throughput benefits of more than 4 layers were not observed.

· The impact of non-ideal channel estimation for more than 2 DMRS ports in 2DAAs is FFS.

Proposals:

· Evaluations of the need for DMRS enhancements for MU-MIMO should take into account the benefit of Rel-12 UE receiver functionality.
· System level performance for DMRS enhancements should be carefully evaluated considering realistic traffic models, rank adaptation, and focusing on cross polarized antennas.

· If increases in orthogonal DMRS are proposed, accurate system level modeling is needed, taking into account the impact of spatial separation on channel estimation performance as a function of the scheduler.  Proponents should provide the details of such models, and preferably use a common model.

· Parameters for link level evaluations (such as rank and MCS) in support of the system level study are determined from scheduling statistics of 2DAA scenarios.
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6 Appendix

For the system simulations, these assumptions were used:

	Simulation parameters

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMi 200m ISD

	Cell layout
	1 vertical sector per azimuthal sector (baseline), 57 azimuthal sectors in total

	Wrapping
	Radio distance based

	UE receiver
	MMSE-IRC

	CSI periodicity
	5 ms

	CSI delay 
	5 ms

	CSI mode
	Aperiodic mode 3-2

	Outer loop LA
	Yes, 10% BLER target

	UE noise figure 
	9 dB

	eNB Tx power 
	41 dBm 

	Traffic model
	Non-full buffer, 500 kB packet size

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency

	CRS interference 
	Not modeled. Overhead accounted for.

	DMRS overhead
	2 antenna ports

	HARQ
	Max 5 retransmissions

	Antenna spacing
	0.8 lambda in vertical, 0.5 lambda in horizontal

	Handover margin
	3 dB



