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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] will evaluate the need for reference signal design enhancements including for DMRS.
This paper considers some of the characteristic in 2DAAs that may motivate DMRS enhancements more than the antenna arrays considered for earlier releases, the conditions where these characteristics may be beneficial, as well as factors such as the availability of NAICS receivers.  Consequently, proposals are made regarding baseline receiver assumptions and system level evaluations.
2 Discussion
The design of DMRS for MU-MIMO was considered at length in Rel-10.  However, 2DAAs have different characteristics than the antenna arrays considered during Rel-10:
· Better spatial separation. Two dimensional antenna arrays can have more controllable antenna elements and use their degrees of freedom more effectively.
· A greater number of closely spaced antennas, which means that wideband CSI and relatively slow feedback are even more effective.
· Higher SINRs from beamforming. This combined with the use of cross polarized antennas mean that multi-layer (especially rank 2) transmission is more likely.
Observations:

· Differences between Rel-10 antenna setups and 2DAAs can motivate the use of DMRS enhancements to support better MU-MIMO in 2DAAs.  The better spatial separation and relatively modest feedback requirements of 2DAAs generally increases capacity and could allow more UEs to be coscheduled.  Therefore, more UEs could potentially interfere, and such interference could degrade channel estimation. 
· However, characteristics beyond improved spatial separability are relevant, such as higher likelihood of multi-layer transmission, and should be taken into account.

Increased co-scheduling does not automatically mean that enhanced channel estimation mechanisms are beneficial.  The need for better channel estimation is driven by the likelihood of multiple UEs being coscheduled (including having data in their buffers to schedule) and at the same time being in conditions where improved channel estimation allows better interference suppression. Conditions where enhanced channel estimation is beneficial could be:
· Where transmissions to coscheduled UEs interfere enough to degrade serving PDSCH channel estimation, and this interference is such that PDSCH demodulation is degraded significantly in addition to the loss already present from the interfering PDSCH symbols.  

· The better spatial separation of 2DAAs would seem reduce the likelihood of interference strong enough to degrade channel estimation relative to Rel-10.  In Rel-10, it was not found sufficiently beneficial to define 4 orthogonal DMRS ports for MU-MIMO, and so it seems less likely to be needed for 2DAAs.
· When UEs explicitly estimate interfering channels to suppress interference better.  This is typically for NAICS-like receivers that explicitly estimate the interference covariance (‘E-IRC’) and/or the interfering PDSCH (SL-IC or ML).

· Simulation assumptions for EBF/FD-MIMO study are for linear MMSE, and so enhanced DMRS designs should not be based on non-linear other user interference rejecting receivers.  The new MU-NAICS study [2] already considers non-linear other cell interference rejection, and so such receivers could be considered there.

· Also, interference suppression/cancellation receivers are not so beneficial for multi-layer transmission or high MCS, and so such receivers are not as likely to be beneficial for MU-MIMO in 2DAAs.
Rel-13 UEs are also likely to have NAICS capabilities that improve serving cell DMRS channel estimation.  This means that they should be capable of blindly detecting interference on multiple cells, and will make heavy use of DMRS-IC.  (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.

Observations:

· Increased co-scheduling in 2DAAs over that in Rel-10 antenna configurations does not automatically mean that enhanced channel estimation mechanisms are beneficial.

· Benefits depend on the loss directly resulting from degraded channel estimation, rather than from both channel estimation and the presence of interfering PDSCH modulation symbols.

· NAICS-like receivers that explicitly estimate interference are most likely to benefit from enhanced channel estimation

· However, the benefit for these receivers may be limited given that multi-layer PDSCH or high order modulation is more likely in 2DAAs.

Proposals:
· Evaluations of the need for DMRS enhancements for MU-MIMO should take into account the benefit of Rel-12 UE receiver functionality

· Including DMRS-IC, E-IRC, and the ability to blindly detect interfering DMRS.

· Linear interference suppression receivers are assumed for evaluations of MU-MIMO in the EBF/FD-MIMO study.

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 [3] could be used.
Proposal:

· 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 to obtain information about the distribution of the number of co-scheduled layers in MU-MIMO transmissions with a non-full buffer traffic model. 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. A “1Dx1D” Kronecker-codebook with DFT beams has been used for CSI acquisition, while SLNR precoding based on fed back PMIs has been used for MU-MIMO transmission. No limitations to the number of transmitted MU layers have been used.
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. In Figure 1 we present results on the distribution of MU-MIMO transmission rank, i.e. the number of co-scheduled layers, for a non-full buffer load point corresponding to 85% resource utilization. 
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Figure 1: Distribution of MU transmission rank at 85% resource utilization.
Observation:

· Even at such high resource utilization, it is difficult to find a large number of users candidates for co-scheduling. Roughly 88% of transmission use a transmission rank  ≤ 4, i.e. only in 12% of transmissions are more than four layers used. It is thus not obvious that increased orthogonal DMRS resources would have a significant system level impact.
4 Conclusion
This contribution has considered factors affecting the need for DMRS enhancements in support of MU-MIMO operation in 2DAAs.  It was observed that increased MU-MIMO co-scheduling in 2DAAs over that in Rel-10 antenna configurations would not automatically mean that DMRS enhancements are needed, since benefits 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.  These benefits are affected by the characteristics of MU-MIMO used on 2DAAs, such as the likely rank and MCS states as well as the spatial isolation of coscheduled UEs.  The availability of Rel-12 UE receiver functionality for improved channel estimation and interference suppression is also relevant to the benefits of enhanced DMRS designs for MU-MIMO.
Given these considerations, we make the following proposals:

· Evaluations of the need for DMRS enhancements for MU-MIMO should take into account the benefit of Rel-12 UE receiver functionality.
· Including DMRS-IC, E-IRC, and the ability to blindly detect interfering DMRS.

· Linear interference suppression receivers are assumed for evaluations of MU-MIMO in the EBF/FD-MIMO study.

· 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



