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1 Introduction
In Rel-11 DL MIMO enhancement study item description, the description on DMRS enhancements is as follows [1]:
Within the constraint of not introducing new antenna ports, evaluate possible enhancements for demodulation RS for MIMO, including considering improved orthogonality for MU-MIMO and possibilities for DMRS overhead reduction. 
In this contribution, we give our views on the DMRS enhancements including orthogonality of MU-MIMO DMRS and DMRS overhead reduction.  
2 Discussion on the enhancement of DMRS used for MU-MIMO

In downlink transmission mode (TM) 9, there are the following designs for the DMRS used for MU-MIMO:

· When there is up to 2 layers, two orthogonal DMRS (i.e. port 7 and port 8 using the same scrambling sequence) are used.
· When more than 2 layers are paired, 2 scrambling sequences are used for further separating the DMRS in addition to port 7 and port 8. 
When the number of total layers is more than 2, the orthogonality of the DMRS cannot hold [2], which is the motivation of “Improved orthogonality for MU-MIMO”. Our understanding on improved orthogonality is that the total 3- or 4-layer DMRS are orthogonal to each other in addition to the spatial separation offered by precoding. 
The key considerations of using orthogonal DMRS for MU-MIMO include, 
1. How many layers are co-scheduled together?

2. How much is the performance gain of orthogonal DMRS over the current DMRS configuration?

In the following section, we will discuss these issues in detail.

· Scenarios of MU-MIMO
1. In case of CoMP scenario, there is high probability to schedule more layers in MU-MIMO transmission because of the increased number of available transmit antennas. As CoMP is an important feature being considered for Rel-11, performance and properties of MU-MIMO would be more important in Rel-11.
2.  It is expected that the number of advanced UEs with 4 receive antennas will increase in the future. According to our evaluation, it can be seen in Table 1 that the number of co-scheduled layers is more than 2 with high probability for 4 Rx UEs. Hence, more than 2-layers MU-MIMO transmission may be typical in later deployments. 

Table1 Statistics of overall-layer number

	Antenna configuration
	Proportions of more than 2 co-scheduled layers

	4x2
	53.1%

	4x4
	75.6%

	8x2
	87.7%

	8x4
	99.6%


· Gain of orthogonal DMRS over non-orthogonal DMRS
The gain of orthogonal DMRS over the current non-orthogonal DMRS is related to two aspects which are spatial interference rejection and more precise channel estimation. 
The former aspect relies on the type of the receiver. IRC and MRC receiver are the current two alternatives. For these two receivers, there is the observation that IRC receiver can provide large gain over MRC receiver at high SNR when orthogonal DMRS is used [2]. Further, IRC receiver is also recommended in CoMP system-level simulation assumptions [3]. Hence advanced receivers mitigating spatial interference may be implemented as an efficient method for UE’s self-improvement. 

Assuming IRC receiver is used, the link level simulation results show that spectrum efficiency gain of orthogonal DMRS over that of non-orthogonal DMRS is significant [2][4]. Thus, usage of orthogonal DMRS can provide the opportunity of performance improvement for the UEs with the IRC receiver.

Another benefit is more precise channel estimation. In an ideal scenario, the separation of non-orthogonal DMRS can be done in spatial domain with ideal orthogonal transmit weight, and the interference from paired UEs is orthogonal to its channel. However, there is large inter-user interference among the paired users when the number of total layers is more than 2 considering the realistic design, e.g. quantized CSI feedback, low CSI-RS density, coarse precoding granularity and cross polarized antenna array. So the orthogonality of the DMRS by orthogonal cover code is very important for MU-MIMO transmission. 
· DM-RS overhead and the high speed scenario
There are two alternatives for implementing orthogonal MU-MIMO DMRS.

· Alt 1: 4 orthogonal DM RS ports and 1 scrambling sequence are defined, 24 DMRS REs, OCC length=2
· Alt 2: 4 orthogonal DM RS ports and 1 scrambling sequence are defined, 12 DMRS REs, OCC length=4
From the perspective of DMRS overhead, Alt 2 is a good candidate because Alt 1 has ~10% (the overhead calculation is based on the assumption of three PDCCH symbols and four CRS antenna ports) more overhead than Alt 2, and the performance gain offered by orthogonal DMRS for Alt1 would be counteracted by the overhead. 

However, the performance of Alt 2 is not good in the high speed scenario because the DMRS with OCC length =4 spanning two slots is sensitive to channel variation in the time domain. 
Hence it can be considered to use the current non-orthogonal DMRS scheme for the high speed scenario and Alt 2 for performance enhancement in low speed scenario respectively.
To summarize, the orthogonality of DMRS used for MU-MIMO should be considered in Rel-11. 
3 Discussion on DMRS overhead reduction

Use of DMRS for PDSCH demodulation in LTE-A was agreed, with the DMRS patterns shown in Figure 1. In Rel-10, the DMRS pattern is rank dependent. For rank 1~2, the DMRS overhead is 12REs per RB pair, and for rank 3~4, 24REs are assumed. The up to ~20% DMRS cost with the above DMRS overhead calculation assumption constrains further transmission efficiency enhancements.
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Figure 1: Rank-2 and Rank-4 DM RS patterns
Regarding the new deployment scenarios introduced in Rel-11, different DMRS densities and placements in terms of time and frequency selectivity can be further investigated to obtain the best performance. 
The HetNet deployment scenarios should be carefully considered for optimization of DMRS pattern. The following table presents the baseline deployment scenario for Heterogeneous network [5].

Table 2 Heterogeneous network deployment scenario

	Case
	Environment
	Deployment Scenario
	Non-traditional node

	5.1
	Macro + Indoor
	Macro + femtocell
	femtocell

	5.2
	
	Macro + indoor relay
	Indoor relay

	5.3
	
	Macro + indoor RRH/Hotzone
	e.g. indoor pico

	6.1
	Macro + Outdoor
	Macro + outdoor relay
	Outdoor relay

	6.2
	
	Macro + outdoor RRH/Hotzone
	e.g., outdoor pico


The channel propagation model under HetNet is significantly different from HomoNet. The detailed fast fading model parameters corresponding to the above deployment scenarios are given below.

Table 3 Channel model for Heterogeneous network deployment scenario

	Scenarios
	femtocell or indoor relay or indoor RRH/Hotzone
	outdoor relay or 

outdoor RRH/Hotzone
	Macro Case 1

(ISD 500m)
	Macro Case 3
(ISD 1732m)

	
	InH
	UMi
	UMa
	RMa

	
	LOS
	NLOS
	LOS
	NLOS
	O-to-I
	LOS
	NLOS
	LOS
	NLOS

	Delay spread (DS)
log10([s])
	
	-7.70
	-7.41
	-7.19
	-6.89
	-6.62
	-7.03
	-6.44
	-7.49
	-7.43

	
	
	0.18
	0.14
	0.40
	0.54
	0.32
	0.66
	0.39 
	0.55
	0.48


From Table 3, it can obviously be seen that the UE is expected to experience smaller delay spread under Pico or HeNB environment comparing to Macro UE. That is to say, the channel under Pico or HeNB is relatively flat in frequency domain. Accordingly, lower density of DMRS in frequency might be sufficient to capture the channel frequency variation. 

For PRB bundling, joint channel estimation across multiple PRBs is applied to make use of more DMRS to obtain better interpolation performance. But as the DMRS REs spaced very close in the frequency near the PRB boundary, the benefit from utilizing the adjacent two DMRS is expected to be very marginal. So it is possible to remove some of the current DMRS Res and still maintain the channel estimation accuracy. Thereby, throughput enhancement can be achieved by saving the DMRS REs.

From the above analysis, we suggest:

Under new deployment scenarios, DMRS overhead reduction should be carefully investigated.
4 Conclusion
In this contribution, we discuss the downlink DMRS issues, and we propose the following:

· The orthogonality of DMRS used for MU-MIMO should be considered in Rel-11
· Under new deployment scenarios, DMRS overhead reduction should be carefully investigated.
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Appendix Simulation parameters
Table A-1 System level simulation parameters

	Parameter
	Assumption

	Cellular Layout
	 19 sites, 3 sectors per site

	Simulation scenarios
	Case1 in TR25.814

	Load
	Average 10 UE per sector

	Bandwidth
	10MHz

	Channel model
	SCM

	UE speeds of interest
	3km/h

	antenna configuration
	cross-polarization 

BS:0.5 Lambda  MS:0.5 Lambda

	Traffic model
	Full buffer

	Scheduler
	Proportional Fair

	Channel  estimation
	Ideal

	MU-MIMO
	Maximum paired MU-MIMO user number is 4, and 1~2 layer per user 

	Subband size
	5 RB

	HARQ
	Maximum 4 transmission 

	Transmitter precoding algorithm
	ZFBF(Zero forcing beamforming) 

	Receiver algorithm
	MMSE-IRC/Blind detection enable 

	CSI feedback
	Subband CQI and wideband PMI
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