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1. Introduction

In RAN#65, the SI on elevation beamforming (EB) and full-dimension (FD) MIMO [1] was approved, where the objectives for Phase 2 includes evaluating the need for reference signal design enhancements including SRS, CSI-RS, and DMRS. In RAN1#80, the following conclusion on DMRS enhancement is reached:

Conclusion:

· Companies are encouraged to give performance evaluations for higher order MU-MIMO with FTP traffic model focusing on following alternatives until RAN1 #80bis meeting

· Alt. 1: 12 DM-RS REs with OCC = 4 for up to total 4 layers per scrambling sequence

· Alt. 2: 24 DM-RS REs with OCC = 2 for up to total 4 layers per scrambling sequence

· Alt. 3: 24 DM-RS REs with OCC = 4 for up to total 8 layers per scrambling sequence

· Alt. 4: DM-RS estimation accuracy improvement by advanced receiver assuming interference channel estimation

· Alt. 5: Larger PRG size

· Note that other possible alternatives are not precluded

· Note that combination of multiple alternatives can be considered

· Companies should model DM-RS channel estimation error and should clarify detailed assumptions in their contributions

· Companies should model interference covariance estimation matrix for DM-RS channel estimation and should also clarify detailed assumptions in their contributions

· Note that it is quasi-orthogonal between two scrambling groups which should be modelled in channel estimation error modelling

· For these enhancement scheme should be compared with Rel-12 LTE scheme with two scrambling sequences or one scrambling sequence

In this contribution, firstly, we take a look at current Rel-11 DMRS design in terms of the number of MU-MIMO layers and then summarize Rel-10 DMRS discussion and background on the agreement. Also, considering a massive number of Tx antennas and the demand on 4Rx antenna, we point out the need to study DMRS enhancement. Finally, we present an initial evaluation result on the performance of fully orthogonal DMRS and Rel-11 DMRS as the maximum number of MU-MIMO layers increases.
2. Discussions
According to the current specification, only 2 rank 1 UEs can be co-scheduled as orthogonal MU-MIMO transmission by using DMRS port 7 and port 8 having DMRS sequence. To allow up to 4 layers MU-MIMO in Rel-10, two nSCID values were introduced in port 7 and 8, resulting in quasi-orthogonal MU-MIMO transmission. Furthermore, as VCID was introduced in Rel-11 for CoMP, more than 4 layers quasi-orthogonal MU-MIMO transmission became possible.

This DMRS design allowing only 2 layers orthogonal MU-MIMO has been generally considered good enough because, in case of conventional eNB having a limited number of Tx antennas, it is expected that the network achieves enough MU-MIMO gain by co-scheduling 2 UEs even though more than 2 UEs MU-MIMO can be supported since Rel-10.

Before starting discussion on DMRS enhancement, it would be meaningful looking back to DMRS discussion for MU-MIMO in Rel-10 in detail [2]. There were three Options as follows:
Option 1-1: 4 orthogonal DM RS ports and 1 scrambling sequence (OCC length 4 assuming 12 RE)

Option 1-2: 4 orthogonal DM RS ports and 1 scrambling sequence (OCC length 2 assuming 24 RE)

Option 2: 2 orthogonal DM RS ports and 2 scrambling sequences
Option 1-1 has the same DMRS overhead with Option 2 but allows the usage of 4 orthogonal DMRS ports for MU-MIMO transmission. As a result, in [3,4], it was observed through evaluation that Option 1-1 provides the following two benefits and leads to system performance gain in case of more than 2 layers MU-MIMO: one is better performance of channel estimation because of the orthogonality among DMRS ports and the other is better IRC gain especially for 4 Rx UEs. 
As Option 1-2 remains OCC length 2, it has benefits over Option 1-1 in high speed scenario but it doubles DMRS overhead when the number of MU layer is more than 2, resulting in data throughput loss.

As to Option 2, ideally it can support orthogonal 4 layers MU-MIMO if perfectly orthogonal beam separation on top of orthogonal cover code is possible, but practically inter-layer interference is inevitable due to practical impairment regarding beam separation such as codebook quantization, channel aging, and so on. As a result, channel estimation performance is worse than Option 1-1 and 1-2 when the number of MU layer is more than 2.
Even though Option 1-1 guarantees more than 2 layers orthogonal MU-MIMO transmission with such benefits, Option 2 is finally agreed for several reasons. One reason is Option 1-1 increases UE complexity of implementing additional channel estimator for rank1/2 transmission since it has to have two channel estimators for TM8 DMRS and TM 9 DMRS, respectively and it has a backward compatibility issue with Rel-9. More importantly, as we mentioned above, at that time many companies viewed that typically 2 layers MU-MIMO transmission can achieve almost all MU-MIMO gain, given that up to 8 Tx antennas and 2 Rx antennas were practical. 
However, DMRS enhancements need to be studied again, taking into account a current situation.  There is a clear need for supporting much more MU-MIMO pairs to fully achieve potential gain of a massive number of Tx antennas. Furthermore, as many operators see the need of 4Rx UE in the near future, WI on 4Rx UE in RAN 4 is going on [5]. Also, with massive number of Tx antennas, more sophisticated beamforming is possible, probably helping mitigate interference among quasi-orthogonal MU layers.
In this context, DMRS enhancements need to be studied for accommodating such large number of MU-MIMO pairs simultaneously. For example, it needs to be investigated whether the current standard-transparent ways (e.g., different DMRS VCIDs are configured to different UEs in MU-MIMO pairs) are sufficient in terms of performance, or more than 2 orthogonal DMRSs are needed to be designed. 

Table 1 shows an initial evaluation result on the performance of fully orthogonal DMRS showing ideal upper bound and the performance of current Rel-11 DMRS supporting up to 2 orthogonal layers, respectively. This simulation is based on baseline Category 2, assuming 8 virtual sectors per cell, and MU-MIMO scheduling among UEs belonging different virtual sectors with the same cell ID is possible. Detail simulation assumptions can be found in Annex A. 
In case of using current Rel-11 DMRS, we reflect channel estimation error due to quasi-orthogonality when the number of transmit layers is more than 2 as follow. First, we make multiple groups, each of which is composed of two layers transmitted through port 7 and 8, respectively, with the same scrambling sequence but different scrambling sequences are allocated to the different groups. As a result, two layers composing the same group are orthogonal to each other, but two layers belonging different groups are quasi-orthogonal to each other. For example, when the number of total transmit layers is 4, layers are grouped as follows: Group 1={1st layer, 2nd layer}, Group 2={3rd layer, 4th layer}, where 1st layer is orthogonal to 2nd layer but quasi-orthogonal to 3rd layer and 4th layer. When the number of total transmit layers is odd, for example 5, exception occurs for the 5th layer by grouping such as Group 1={1st layer, 2nd layer}, Group 2={3rd layer, 4th layer}, and Group 3={5th layer}. In this case, 5th layer is quasi-orthogonal to all layers. Also, E-MMSE-IRC is used for suppressing MU interference in this evaluation and interference covariance matrix is estimated from co-scheduled UE’s DMRS with estimation error.

In case of fully orthogonal DMRS, we assume all layers are fully orthogonal to one another regardless of the total number of transmit layers, without DMRS overhead increment (12RE/PRB pair), which shows upper bound of DMRS enhancement gain. From Table 1, we have the following observations:
Observation 1: In case of maximum 4-layer MU-MIMO, fully orthogonal DMRS with same DMRS overhead (12RE/PRB pair) achieve a marginal throughput gain (about 4% edge tput and 2% average tput) over Rel-11 DMRS.

Observation 2: When maximum number of MU-MIMO layers increases from 2 to 4 or 6 with same DMRS overhead (12RE/PRB pair), average sector throughput increases by 15% or by 25%.

In summary, we see that, for the baseline Category 2, Rel-11 DMRS using VCID shows marginal performance gap to upper bound case. Given that 2Rx is assumed in this simulation, further evaluation on 4Rx cases seems to be needed.
Table 1. Evaluation results for baseline Category 2 

	Config(8,4,2,64)
	     SctTput (bps/Hz)
	  UeTput(5%)
	UeTput(50%)

	Max. 2 MU layers, Rel-11 DMRS  
	3.5945 (100%)
	0.0867 (100%)
	0.3145(100%)

	Max. 4 MU layers, Rel-11 DMRS
	4.0776 (113.4%)
	0.1038 (119.7%)
	0.3429 (9.0%)

	Max. 6 MU layers, Rel-11 DMRS
	4.4617 (124.1%)
	0.1064 (122.7%)
	0.3597 (14.3%)

	Max. 8 MU layers, Rel-11 DMRS
	4.6062 (128.1%)
	0.1012 (116.7%)
	0.3555 (13.0%)

	Max. 2 MU layers, fully ortho. DMRS  
	3.5945 (100%)
	0.0867 (100%)
	0.3145 (100%)

	Max. 4 MU layers, fully ortho. DMRS 
	4.1607 (115.8%)
	0.1077 (124.2%)
	0.3493 (11.0%)

	Max. 6 MU layers, fully ortho. DMRS 
	4.5699 (127.1%)
	0.1095 (126.3%)
	0.3667 (16.5%)

	Max. 8 MU layers, fully ortho. DMRS
	4.7513 (132.2%)
	0.1063 (122.6%)
	0.3730 (18.6%)


3. Conclusion
In this contribution, we discussed current DMRS design from the perspective of MU-MIMO and the need to study DMRS enhancement. Before starting detail discussion on DMRS enhancement, we summarize Rel-10 DMRS discussion and background on the agreement. Also, a few new points to be considered about DMRS enhancement are discussed with respect to current situation: increasing the number of Tx and Rx antennas. Finally, we present an initial evaluation result on the performance of fully orthogonal DMRS and Rel-11 DMRS for baseline Category 2 and have the following observations:

Observation 1: In case of maximum 4-layer MU-MIMO, fully orthogonal DMRS with same DMRS overhead (12RE/PRB pair) achieve a marginal throughput gain (about 4% edge tput and 2% average tput) over Rel-11 DMRS.

Observation 2: When maximum number of MU-MIMO layers increases from 2 to 4 or 6 with same DMRS overhead (12RE/PRB pair), average sector throughput increases by 15% or by 25%.
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Annex A: Simulation assumptions
	Deployment scenario
	3D-UMi with ISD = 200m in 2GHz

	BS antenna configurations 
	(M,N,P) = (8,4,2), MTXRU = 8, 0.5λ H/0.8 λ V 

	MS antenna configurations 
	2 Rx X-pol (0/+90) 

	System bandwidth 
	10MHz (50RBs) 

	UE attachment 
	Based on RSRP (formula) from CRS port 0 

	Duplex
	FDD

	Network synchronization
	Synchronized

	Number of UEs per macro cell
	10 

	UE speed
	3km/h

	Polarized antenna modeling 
	Model-2 from [1] 

	UE array orientation 
	ΩUT,α  uniformly distributed on [0,360] degree, ΩUT,β = 90 degree, ΩUT,γ = 0 degree 

	UE antenna pattern 
	Isotropic antenna gain pattern A’(θ’,ф’) = 1 

	Traffic model 
	Full buffer model

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)  

	Receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel-12 [71-12] assumptions 

	
	LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions 

	CSI-RS, CRS 
	CSI-RS one-to-one mapping to TXRU, only CRS port 0 is modeled for UE attachment, CRS port 0 is mapped to the first TXRU.

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback 
	PUSCH 3-2 

	
	CQI, PMI and RI reporting triggered per 5ms 

	
	Feedback delay is 5 ms 

	
	Rel-10 8Tx codebook for horizontal codebook, 

DFT codebook with 16 codewords for vertical codebook

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB 

	Transmission scheme
	TM10, single CSI process, dynamic SU/MU-MIMO with rank adaptation (no CoMP) 

	Wrapping method
	Geographical distance based

	Handover margin
	3 dB 

	Metrics
	Mean, 5%, 50% UE throughput

	Carrier Frequency 
	2GHz 
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