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1. Introduction
In RAN1 #88 meeting, working assumption on maximal number of orthogonal DL DMRS ports was captured in Chairman’s note as follows:
Working assumption:
· Support at least the following design of DL DM-RS for data channels
· Support the maximal 12 orthogonal DL DMRS ports for MU-MIMO
· Companies are encouraged to perform SLS especially assuming practical channel and interference estimations
In this contribution, we provide our simulation results and our view on maximal number of orthogonal DL DMRS ports. 

Evaluation results
In this section, we provide system level simulation regarding maximal number of orthogonal DL DMRS ports. In the simulation, we assume 3D-UMi with ISD=200m and 32 Tx antenna port layout with (N1,N2,O1,O2)=(4,4,8,4). Also, 2 Rx antenna port at UE is assumed, so that maximum rank at UE is restricted to 2. For CSI feedback, we employ Class A codebook Config 1. 
Table 1 exhibits the full buffer simulation with maximal orthogonal layer 8 and 12. It is observed that orthogonal 12 DMRS ports provide marginal performance gain in terms of sector throughput compared to the orthogonal 8 DMRS ports case. To increase the possibility of enabling more MU layers, we also consider dropping 20 UEs per sector. Although the sector throughput is increased about 6% compared to the case of 10 UEs per sector, the performance difference between 8 and 12 orthogonal DMRS-ports remains almost the same. This means that the allowing more than 8 MU layers at TRP side happens rarely with the assumption of practical CSI feedback. 

Table 1: Evaluation results in Full buffer
	
	Sector Throughput (bps/Hz)
	Sector Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	# of UE per Sector

	Max Layer = 8
	4.372
	　
	0.1052
	　
	0.3379
	  10

	Max Layer = 12
	4.385
	0.30%
	0.1031
	-2.00%
	0.3425
	

	Max Layer = 8 
	4.638
	　
	0.061
	　
	0.1811
	  20

	Max Layer = 12
	4.681
	0.91%
	0.0589
	-3.44%
	0.183
	



Table 2 presents the non-full buffer simulation with packet size of 0.5Mbytes and various values of resource utilization. To ensure the efficiency of resource utilization of system, we also provides the served to offered ratio. Similar to Table 1, 12 orthogonal DMRS ports provide marginal performance gain compared to the 8 orthogonal DMRS ports. Even in very high RU (~90%), there is no performance gain for MU-MIMO transmission with more than 8 layers with practical CSI feedback. 

Table 2: Evaluation results in Traffic model 1
	
	Mean UE Throughput (bps/Hz)
	Gain
	5% UE Throughput (bps/Hz)
	Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	Served/Offered
(# of subframes simulated = 10000)

	Max Layer = 8
	2.6742
	　
	0.6547
	　
	2.3952
	0.42
	1.00

	Max Layer = 12
	2.6681
	-0.23%
	0.6509
	-0.58%
	2.3952
	0.42
	1.00

	Max Layer = 8
	2.0907
	　
	0.3784
	　
	1.6949
	0.61
	1.00

	Max Layer = 12
	2.0803
	-0.50%
	0.3824
	1.06%
	1.6807
	0.61
	1.00

	Max Layer = 8
	1.5874
	　
	0.2208
	　
	1.1662
	0.78
	0.98

	Max Layer = 12
	1.5891
	0.11%
	0.2208
	0.00%
	1.1765
	0.78
	0.98

	Max Layer = 8
	1.197
	　
	0.1192
	　
	0.7273
	0.91
	0.95

	Max Layer = 12
	1.1881
	-0.74%
	0.1199
	0.59%
	0.7168
	0.91
	0.95


Based on above discussion, we made following observations and proposal as follow:

Observation 1: In full buffer simulation, 12 orthogonal DMRS ports provide marginal performance gain in terms of mean UE throughput compared to 8 orthogonal DMRS ports.  
Observation 2: Even in very high RU (~90%), there is no performance gain for MU-MIMO transmission with more than 8 layers with practical CSI feedback.
Proposal 1: Support the maximal 8 orthogonal DL DMRS ports for MU-MIMO.

Conclusion
This contribution discussed maximal number of orthogonal DMRS ports. Following observations and proposals are given, based on the discussion:
Observation 1: In full buffer simulation, 12 orthogonal DMRS ports provide marginal performance gain in terms of mean UE throughput compared to 8 orthogonal DMRS ports.  
Observation 2: Even in very high RU (~90%), there is no performance gain for MU-MIMO transmission with more than 8 layers with practical CSI feedback.
Proposal 1: Support the maximal 8 orthogonal DL DMRS ports for MU-MIMO.


Annex: Simulation Parameters and Assumptions
Table A-1. Simulation assumptions 
	Scenarios 
	3D-UMi with ISD = 200m in 2GHz 

	BS antenna configurations 
	Antenna elements config: (+/-45), 0.5λ horizontal / 0.8 λ vertical antenna spacing

	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

	UE distribution 
	Follows TR36.873

	UE speed
	3km/h

	Polarized antenna modeling 
	Model-2 from TR36.873 

	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 
	FTP Model 1 with packet size 0.5 Mbytes (low ~20% RU, medium ~50% RU) 

	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 associated with the first TXRU

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback
	CQI, PMI and RI reporting triggered per 5ms

	
	Feedback delay is 5 ms 

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

	Wrapping method
	Geographical distance based

	Handover margin
	3 dB 

	Metrics
	Average UE throughput, 5% UE throughput.





