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1 Introduction
DMRS enhancement for high order multi-user spatial multiplexing is one of SIs for FD-MIMO [1]. In the RAN1#80 meeting, following alternatives for the enhanced DMRS structure were discussed and their performance evaluations in FTP traffic model were encouraged [2]:
· Alternative 1: 12 DM-RS REs with OCC = 4 for up to total 4 layers per scrambling sequence
· Alternative 2: 24 DM-RS REs with OCC = 2 for up to total 4 layers per scrambling sequence
· Alternative 3: 24 DM-RS REs with OCC = 4 for up to total 8 layers per scrambling sequence
This contribution presents Samsung’s views on DMRS enhancement and provides evaluation results by considering DMRS overhead and DMRS channel estimation accuracy for above alternatives. 
2 DMRS enhancement
Multi-user spatial multiplexing is an important requirement of FD-MIMO’s performance enhancement. In order to achieve this, channel estimation performance on DMRS should be sufficiently guaranteed. The current specification provides 2 orthogonal DMRS ports and 2 scrambling sequences for MU-MIMO support. As a result, for multi-user transmissions whose composite rank is above 2, it is not possible to maintain orthogonality between DMRS ports assigned for different UEs. One might argue that since FD-MIMO systems have larger number of TXRU’s compared to legacy LTE/LTE-A systems, better signal separation would be possible and further enhancement on DMRS is not necessary. However, given the fact that DMRS channel estimation performance is the bottleneck for downlink receiver performance, this aspect should be investigated in the course of this SI.
Larger number of TXRUs combined with adequate DMRS enhancement could enhance performance of FD-MIMO well beyond what is possible in conventional LTE systems. In order to do so, the following three alternatives depicted in Figure 1 have been discussed in the last meeting.
· Alternative 1: 12 DM-RS REs with OCC = 4 for up to total 4 layers per scrambling sequence
· Alternative 2: 24 DM-RS REs with OCC = 2 for up to total 4 layers per scrambling sequence
· Alternative 3: 24 DM-RS REs with OCC = 4 for up to total 8 layers per scrambling sequence

For alternative 1, 12 REs are used for DMRS in order to support up to 4 orthogonal ports. As shown in Figure 1(a), ports 7, 8, 11, and 13 are mapped to the blue REs with OCC=4. In terms of resources, alternative 1 utilizes 12 REs. Compared to alternative 2 and 3, alternative 1 is more efficient in terms of resource utilization but requires 3dB less transmission power to work with. Also, alternative 1 might be more susceptible to high Doppler scenarios due to the utilization of OCC length=4 instead of OCC length=2. Note that this might not be an issue if such UEs are configured with a transmission scheme that does not utilize DMRS and is more suitable for high Doppler (e.g. transmit diversity).
On the other hand, for alternative 2, 24 REs are used for DMRS in order to support up to 4 orthogonal ports. As shown in Figure 1(b), ports 7 and 8 are mapped to the blue REs with OCC=2 and ports 9 and 10 are mapped into the red REs with OCC=2. In terms of resources, alternative 2 utilizes 24 REs regardless the number of co-scheduled UEs. Such an approach may not be efficient in terms of resource utilization but will incur less overhead on DCI. A modified version of alternative 2 would be to allow dynamic switching between 12 REs and 24 REs depending on the sum rank of multi-user spatial multiplexing.
Lastly, alternative 3 is combination of alternative 1 and 2 where 24 REs and OCC=4 are used for DMRS in order to support up to 8 orthogonal ports. Specifically, as shown in Figure 1(c), ports 7 and 8 are mapped to the blue REs with OCC=4 and ports 9 and 10 are mapped into the red REs with OCC=4. Compared to alternative 1 and 2, alternative 3 is capable of handling more co-scheduled UEs at the expense of additional DMRS overhead. 
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Figure 1. Possible alternatives for supporting more than 4 orthogonal DMRS ports
For high order multi-user spatial multiplexing, both alternatives 1 and 2 provide DMRS orthogonality of up to 4 UEs and alternative 3 provides DMRS orthogonality of up to 8. Note that such alternatives have not been introduced in the current LTE specification due to the fact that with the existing antenna configurations, it is highly unlikely to schedule multi-user spatial multiplexing for more than 2 UEs. But above alternatives are applicable for FD-MIMO which has more TXRU’s to work with and allows more UEs to be co-scheduled.
3 Performance evaluation
In order to study DMRS enhancements for multi-user spatial multiplexing, it is important to study the performance of FD-MIMO as a function of the number of TXRUs and different parameters of the enhanced DMRS design which have different number of orthogonal DMRS ports, overhead and channel estimation accuracy. For performance evaluation, the baseline is the DMRS configuration in Rel-12 and Alternatives 1 and 2 in section 2 are compared:
· Baseline: 12 DM-RS REs with OCC = 2 for up to total 2 layers per scrambling sequence
· Alternative 1: 12 DM-RS REs with OCC = 4 for up to total 4 layers per scrambling sequence
· Alternative 2: 24 DM-RS REs with OCC = 2 for up to total 8 layers per scrambling sequence
For Baseline, with two scrambling sequences, total 4 quasi-orthogonal DMRS transmission layers are considered. On the other hands, for Alternatives 1 and 2, without scrambling sequences, total 4 orthogonal DMRS transmission layers are considered. In this evaluation, channel estimation accuracy is modelled by using channel estimation mean square error (MSE). The estimated channel coefficient can be expressed as

,



where  is the ideal channel and  is the channel estimation error term which follows complex normal distribution. Using link level simulations, MSE curve was obtained and used to generate the magnitude of the error term, . For evaluating the performance gain of two alternatives over baseline, we consider the antenna configuration as M=8, N=4, P=2 and Q=16. Note that antenna array structure for each column is cross-polarized (P=2) where M is the number of antenna elements with the same polarization in each column, N is the number of columns and Q is the number of TXRUs. Further detailed evaluation assumptions are provided in Annex.
The average cell throughput and 5% user throughput in 3D-UMi with ISD 200m are given in Table 1.
Table 1. Relative average cell throughput and 5% edge UE throughput for DMRS enhancement over baseline (3D-UMi with ISD 200m)
	Alternative
	Baseline
	Alt.1
	Alt.2

	Mobility
	Avg. cell throughput
	5% UE throughput
	Avg. cell throughput
	5% UE throughput
	Avg. cell throughput
	5% UE throughput

	3km/h
	100%
	100%
	137%
	123%
	122%
	116%

	30km/h
	100%
	100%
	138%
	110%
	119%
	160%



Based on the evaluation results summarized in Table 1, following observations can be made:
Observations:
· Compared to baseline, for UE speed of 3km/h, Alternative 1 provides more performance gain than Alternative 2 in both average cell throughput and 5% user throughput.
· Compared to baseline, for UE speed of 30km/h, Alternative 2 shows better performance gain over Alternative 1 in 5% user throughput. However, Alternative 1 provides more performance gain than Alternative 2 in average cell throughput.

Note that the evaluation provided in this contribution considers only up to 4 co-scheduled layers for an eNB with 16 TXRUs. In that aspect, Alternative 3 which extends the number of orthogonal ports to 8 was not considered. If additional TXRUs and larger number of co-scheduled layers are considered, Alternative 3 might have gains over Alternative 1 and 2.

4 Conclusions
This contribution has presented evaluation results for FD-MIMO with DMRS enhancement. The observations in this contribution are summarized as follows:

Observations:
· Compared to baseline, for UE speed of 3km/h, Alternative 1 provides more performance gain than Alternative 2 in both average cell throughput and 5% user throughput.
· Compared to baseline, for UE speed of 30km/h, Alternative 2 shows better performance gain over Alternative 1 in 5% user throughput. However, Alternative 1 provides more performance gain than Alternative 2 in average cell throughput.
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Annex (System simulation parameters)
	Parameters
	Value

	Homogeneous scenarios
	3D-UMi ISD 200m

	Polarized antenna modeling
	Model -2 from 36.873

	Traffic model 
	Full buffer model

	Wrapping method
	Geographical distance based

	Handover margin
	3dB

	Metrics
	Mean, 5% UPT

	System bandwidth
	10MHz (50 PRBs)

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

	Carrier Frequency 
	2GHz 

	Network synchronization 
	Synchronized

	Number of UEs per cell
	15

	UE Speed 
	3km/h, 30km/h

	UE distribution 
	according to 36.873

	UE array orientation
	ΩUT,a uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

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

	Receiver 
	Non-ideal channel estimation and interference modelling

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

	UE Rx configuration
	2 Rx x-polar (+90/0)

	Feedback 
	PUSCH 3-2 for non-reciprocity operation 

	
	CQI, PMI and RI reporting triggered per 5ms 

	
	Feedback delay is 5 ms 

	
	Kronecker product based 2D codebook with Rel-10 8Tx codebook in horizontal dimension and 2Tx codebook in vertical

	Overhead 
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 or 24 REs per PRB depending on the alternative enhancement scheme

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)

	CSI-RS, CRS
	CSI-RS, CRS: CSI-RS 1-1 mapping to TXRU, only CRS port 0 is modeled for UE attachment, CRS port 0 is associated with the first column with +45 degree pol, CRS port 0 to TXRU mapping is ideal and given by [1, 0, 0, 0, 0, 0, 0, 0]

	Downtilt
	3D-UMi ISD 200m and θetilt = [100] degree for 3D-UMa ISD 200m

	CSI-RS/SRS periodicity
	5 msec
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