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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

Based on the above conclusion, in RAN1#80b, companies submitted initial evaluation results to investigate the gain from increasing orthogonal DMRS and the gain from increasing maximum number of MU users. For further calibration, the following conclusion was reached.
Conclusions:
· Interested companies should also provide following results until RAN1 #81 meeting at least considering mandatory assumptions (optional assumptions can be also assumed)

· SU-MIMO only performance

· Rel-12 DM-RS performance

· CDF of intra-cell interference power / (inter-cell interference power + noise power) before IRC
According to the conclusions in RAN1#80b, we present the second evaluation results on the performance of fully orthogonal DMRS and Rel-12 DMRS and SU-MIMO only performance in FTP 1 model and full buffer. 
2. Discussions
Table 1 shows an initial evaluation result on the performance of fully orthogonal DMRS and Rel-12 DMRS and SU-MIMO only performance, respectively. Note that, compared to the last DMRS simulation assuming baseline Category 2 with 8 virtual sectors per cell and 64 TXRU in [2], we assume non-precoded CSI-RS, dynamic vertical PMI feedback and 16TXRU in this contribution. To be specific, among non-precoded CSI-RS-based schemes [3], we consider Scheme 1 corresponding to Kronecker Product (KP) type codebook and more specifically Scheme 1-1 [4] is used, where 3-bit DFT codebook for vertical domain and Rel-10 8Tx codebook for horizontal domain are assumed. 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).            
From Table 1 (FTP model), we have the following observations:
Observation 1: When maximum number of MU-MIMO layers increases from 2 to 4 with Rel-12 DMRS, average UPT decreases by -4% to -11% and 5% UPT decreases by 0% to -20%, depending on RU.

Observation 2: When maximum number of MU-MIMO layers increases from 2 to 4 with fully orthogonal DMRS, average UPT decreases by -4% to -8% and 5% UPT decreases by up to -16%, depending on RU.
From Table 2 (Full buffer), we have the following observations:
Observation 3: When maximum number of MU-MIMO layers increases from 2 to 4 with Rel-12 DMRS, average UE tput and 5% UE tput increase by 15% and by 13%, respectively.
In contrast to full buffer simulation results, we observe performance degradation by increasing maximum MU-MIMO layers from 2 to 4 in non-full buffer case. One reason for those observations may be related to the number of active candidate UEs the scheduler can select. For better understanding, we note that even though scheduling metric of 3 or 4 layers MU transmission is the highest, the actual performance could not be the best due to the PMI quantization error and the inaccuracy of CQI compensation at eNB, especially when UE reporting rank > 1. It is true for both full buffer and non-full buffer case but this undesirable scheduling decision is more likely to happen in non-full buffer case since scheduling is done with fewer candidate UEs.
In conclusion based on the observations, enhancement on CSI feedback and optimization for scheduling need to be further studied when evaluating higher layers MU-MIMO gain.
Table 1. Evaluation results in FTP model 1
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Lambda 2 4 5 2 4 5 2 4 5 2 4 5

RU 0.2 0.54 0.75 0.21 0.57 0.76 0.21 0.56 0.75 0.2 0.55 0.76

Avg. UE Throughput

(bps/Hz)

3.83 2.51 1.93 3.65 2.26 1.71 3.67 2.31 1.76 3.84 2.48 1.87

-4.79% -9.82% -11.45% -4.25% -7.99% -8.87% 0.20% -0.92% -3.01%

5% UE Throughput

(bps/Hz)

1.43 0.48 0.23 1.14 0.43 0.23 1.19 0.45 0.24 1.45 0.45 0.19

-20.45% -11.47% 0.70% -16.92% -6.93% 7.35% 1.45% -7.25% -15.54%

50% UE Throughput

(bps/Hz)

4.17 2.14 1.42 3.92 1.88 1.24 3.92 1.93 1.29 4.17 2.12 1.36

-5.88% -12.21% -12.42% -5.88% -9.66% -8.74% 0.00% -1.06% -4.41%

Max Layer = 2 Max Layer = 4

Orthogonal DMRS,

Max Layer =4

SU-MIMO


Table 2. Evaluation results in Full buffer
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Orthogonal DMRS,

Max Layer =4

SU-MIMO

Avg. UE Throughput (bps/Hz) 0.35 0.40 0.41 0.33

15.39% 17.18% -4.12%

5% UE Throughput (bps/Hz) 0.09 0.11 0.11 0.09

13.76% 15.71% -5.74%

50% UE Throughput (bps/Hz) 0.30 0.32 0.33 0.29

9.92% 12.73% -3.52%


3. Conclusion
In this contribution, we present an second round evaluation result on the performance of fully orthogonal DMRS, Rel-11 DMRS, and SU-MIMO only case and have the following observations:
From non-full buffer simulation,
Observation 1: When maximum number of MU-MIMO layers increases from 2 to 4 with Rel-12 DMRS, average UPT decreases by -4% to -11% and 5% UPT decreases by 0% to -20%, depending on RU.

Observation 2: When maximum number of MU-MIMO layers increases from 2 to 4 with fully orthogonal DMRS, average UPT decreases by -4% to -8% and 5% UPT decreases by up to -16%, depending on RU.
From full buffer simulation,
Observation 3: When maximum number of MU-MIMO layers increases from 2 to 4 with Rel-12 DMRS, average UE tput and 5% UE tput increase by 15% and by 13%, respectively.
In summary, we have opposite observations from full buffer and non-full buffer simulation. One reason may be that PMI quantization error and CQI compensation error are more likely to cause undesirable MU scheduling decision in non-full buffer case, where the number of active candidate UEs the scheduler can select is smaller than full buffer case. Accordingly, enhancement on CSI feedback and optimization for scheduling need to be further studied when evaluating higher layers MU-MIMO gain.
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Annex A: Simulation assumptions
	Deployment scenario
	3D-UMi with ISD = 200m in 2GHz

	BS antenna configurations 
	(M,N,P,Q) = (8,4,2,16), 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 for Full buffer model

	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/ FTP model 1

	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, 

3bits DFT codebook 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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