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1. Introduction
In 3GPP RAN #65 meeting, a new study item (SI) on EBF and Full Dimension MIMO (3D-MIMO) was approved for Release 13 [1].  One of the objectives of the SI is, 
· Identify/evaluate potential enhancements required for implementing the SU/MU-MIMO transmission schemes that would provide the identified performance benefits including
· Evaluate the need for defining additional measurement antenna ports up to 64 at maximum.
· Evaluate the need for reference signal design enhancements (including SRS, CSI-RS, and DMRS).
· Evaluate the need for enhancement of codebook and feedback mechanism for SU/MU-MIMO (including CQI definition, layer mapping, and precoder/rank indication).
· Evaluate the need for enhancement of channel reciprocity based operation.
· …
This contribution focuses on DMRS design enhancement and evaluation for higher order MU-MIMO.
2. DMRS design for higher order MU-MIMO 
3D-MIMO, which has two-dimensional antenna arrays, allows the desired signal to be steered into both horizontal and vertical directions. Besides, the number of TXRUs of 3D-MIMO is much larger than that of the conventional 2D-MIMO, thus 3D-MIMO can differentiate more UEs for multi-user transmission than the conventional 2D-MIMO. For 3D-MIMO with up to 64 TXRUs, multi-user transmission with up to 4 or 8 orthogonal layers should be supported, according to the SLS results in section 3. However, current specification only supports up to 4-layer multi-user spatial multiplexing with 2 orthogonal DMRS ports and 2 scrambling sequences as described below [2]. 
· 2 UEs, each with single layer transmission
· UE1: antenna port 7
· UE2: antenna port 8
· 2 UEs, each with dual-layer transmission
· UE1: antenna port 7 and 8, with scrambling sequence ID 1
· UE2: antenna port 7 and 8, with scrambling sequence ID 2
· 4 UEs, each with single layer transmission
· UE1: antenna port 7, with scrambling sequence ID 1
· UE2: antenna port 7, with scrambling sequence ID 2
· UE3: antenna port 8, with scrambling sequence ID 1
· UE4: antenna port 8, with scrambling sequence ID 2
The resource mapping for DMRS of multi-user spatial multiplexing in the current specification is illustrated in Fig.1.
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Fig.1. RE mapping of MU-MIMO DMRS in current specification
In the current LTE spec, there is no DMRS design for 8-layer multi-user transmission. Hence, this contribution gives some approaches for up to 8-layer multi-user DMRS design. There are three dimensions to achieve DMRS orthogonality: FDM, TDM and CDM, besides, scrambling sequences can provide quasi-orthogonality. 
2.1.  Up to 8 orthogonal DMRS ports

1) Alt. 1. Reuse DMRS design of up to 8-layer single user transmission. This alternative provide 8 orthogonal DMRS ports using FDM (24 REs) and OCC length = 4.
Table 1. DMRS design for 8-layer MU-MIMIO of Alt.1
	FDM
(orthogonal)
	OCC
(orthogonal)
	Port 7
	[+1 +1 +1 +1]
	Layer1

	
	
	Port 8
	[+1 -1 +1 -1]
	Layer2

	
	
	Port 11
	[+1 +1 -1 -1]
	Layer3

	
	
	Port 13
	[+1 -1 -1 +1]
	Layer4

	
	OCC
(orthogonal)
	Port 9
	[+1 +1 +1 +1]
	Layer5

	
	
	Port 10
	[+1 -1 +1 -1]
	Layer6

	
	
	Port 12
	[-1 -1 +1 +1]
	Layer7

	
	
	Port 14
	[-1 +1 +1 -1]
	Layer8


  [image: image2.emf]Normal CP

5

6

7

8

10

1

12

v Vv










Normal CP 

0  1  2  3  4  5  6  7  8  9 10 11 12 13 

　  　 　  　  　 　  　  　 　  　 　  　  　 　 

　  　 　  　  　 　  　  　 　  　 　  　  　 　 

　  　 　  　  　 　  　  　 　  　 　  　  　 　 

　  　 　  　  　 　  　  　 　  　 　  　  　 　 

　  　 　  　  　 　  　  　 　  　 　  　  　 　 

　  　 　  　  　 　  　  　 　  　 　  　  　 　 

　  　 　  　  　 　  　  　 　  　 　  　  　 　 

　  　 　  　  　 　  　  　 　  　 　  　  　 　 

　  　 　  　  　 　  　  　 　  　 　  　  　 　 

　  　 　  　  　 　  　  　 　  　 　  　  　 　 

　  　 　  　  　 　  　  　 　  　 　  　  　 　 

　  　 　  　  　 　  　  　 　  　 　  　  　 　 


Fig. 2. RE mapping of DMRS design Alt.1
In order to optimize channel estimation of DMRS ports 9, 10, 12 and 14, the PDSCH of legacy UE will be punctured on the corresponding REs.  Since there is no signal to inform that puncture, the data demodulation will be affected for legacy UEs.
Legacy UEs use OCC length of 2 to estimate DMRS, if a legacy UE using port 7 and a new UE using port 11 are paired together, DMRS of new UE would interfere legacy UE DMRS estimation. However, it is possible to pair legacy UE on port 7 with a new UE on port 8 on the same REs. Besides, port 9, 10, 12 and 14 using the different REs can provide other 4-layer transmission. Therefore the maximum number of orthogonal paired UE is 7 (but not 8) if a legacy UE is included in MU-pairing.

2) Alt. 2.  Provide 8 orthogonal DMRS ports using TDM (24REs) and OCC length = 4.
Since Alt.1 requires the assumption that the DMRS channel in OFDM symbol #5, 6, 12 and 13 is the same, which may not exist in high mobility scenarios. Thus, the adjacent 4REs, which consist a square, are used for one DMRS port in this alternative. 
Table 2. DMRS design for 8-layer MU-MIMIO of Alt.2
	TDM
(orthogonal)
	OCC
(orthogonal)
	Port 7
	[+1 +1 +1 +1]
	Layer1

	
	
	Port 8
	[+1 -1 +1 -1]
	Layer2

	
	
	Port 11
	[+1 +1 -1 -1]
	Layer3

	
	
	Port 13
	[+1 -1 -1 +1]
	Layer4

	
	OCC
(orthogonal)
	Port 9
	[+1 +1 +1 +1]
	Layer5

	
	
	Port 10
	[+1 -1 +1 -1]
	Layer6

	
	
	Port 12
	[-1 -1 +1 +1]
	Layer7

	
	
	Port 14
	[-1 +1 +1 -1]
	Layer8
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a) RE mapping method 1                  b) RE mapping method 2
Fig. 3. RE mapping of DMRS design Alt.2
This alternative changes RE mapping of DMRS into TDM way as shown in Fig.3. DMRS RE mapping method in 3a) can only get two adjacent OFDM symbols’ channel, which will affect the channel estimation accuracy. In order to derive the time domain diversity, DMRS RE mapping in 3b) can be used. If MU-MIMO including a legacy UE in user pairing, PDSCH of both legacy UE and new UE will be punctured on the corresponding REs. Since there is no signal to inform that puncture, the data demodulation will be affected for legacy UEs.
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a) PDSCH puncture of legacy UE                     b) PDSCH puncture of new UE 
Fig. 4. PDSCH puncture while pairing with legacy UE

If a legacy UE using port 7 with OCC [+1 +1], new UE can only transmit DMRS on port 8, 10, 13 and 14 to make sure legacy UE’s channel estimation. Therefore the maximum number of paired UE is 5 (but not 8) if a legacy UE is included in MU-pairing.
3) Alt.3. Provide 8 orthogonal DMRS ports using OCC length = 8 with 24 REs.
Each DMRS port in this approach needs 24 REs with new OCC of length 8, Table 3 gives an example of the new OCC design.
Table 3. DMRS design for 8-layer MU-MIMIO of Alt.3
	OCC
(orthogonal)
	Port 7
	[+1 +1 +1 +1 +1 +1 +1 +1]
	Layer1

	
	Port 8
	[+1 -1 +1 -1 +1 -1 +1 -1]
	Layer2

	
	Port 9
	[+1 +1 -1 -1 +1 +1 -1 -1]
	Layer3

	
	Port 10
	[+1 -1 -1 +1  +1 -1 -1 +1]
	Layer4

	
	Port 11
	[+1 +1 +1 +1 -1 -1 -1 -1]
	Layer5

	
	Port 12
	[+1 -1 +1 -1 -1 +1 -1 +1]
	Layer6

	
	Port 13
	[+1 +1 -1 -1 -1 -1 +1 +1]
	Layer7

	
	Port 14
	[+1 -1 -1 +1 -1 +1 +1 -1]
	Layer8
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Fig. 5.  RE mapping of DMRS design Alt.3

Since each new DMRS port occupies 24 REs other than 12 REs, the performance of DMRS channel estimation is better. However, the PDSCH of legacy UE will be punctured on the REs transmitting legacy DMRS port 9.  Since there is no signal to inform that puncture, the data demodulation will be affected for legacy UEs. 
If a legacy UE using port 7 with OCC [+1 +1], new UE can only transmit DMRS on port 8, 10, 12 and 14 to make sure legacy UE’s channel estimation. Therefore the maximum number of paired UE is 5 (but not 8) if a legacy UE is included in MU-pairing.
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a) Legacy UE with DMRS port 7                         b) New UE with DMRS port 8
Fig. 6.  Illustration of DMRS allocation while pairing with legacy UE
2.2.  Up to 4 orthogonal DMRS ports

1) Alt. 4.  Provide 4 orthogonal DMRS ports using OCC length = 4 with 24REs, besides 2 scrambling sequences could be used to support other 4 quasi-orthogonal layers if needed.
Since Alt.3 requires the assumption that the DMRS channel in OFDM symbol #5, 6, 12 and 13 is the same, which may not exist in high mobility scenarios. Thus, the adjacent 4REs, which consist a square, are used for one DMRS port in this alternative. 
Table 4. DMRS design for 8-layer MU-MIMIO of Alt.5

	
	Scrambling
(quasi-orthogonal)

	
	nSCID = 0
	nSCID = 1

	OCC
(orthogonal)
	Port 7
	[+1 +1 +1 +1]
	Layer 1
	Layer3

	
	Port 8
	[+1 -1 +1 -1]
	Layer2
	Layer4

	
	Port 9
	[+1 +1 -1 -1]
	Layer5
	Layer7

	
	Port 10
	[+1 -1 -1 +1]
	Layer6
	Layer8
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Fig. 7.  RE mapping of DMRS design Alt.4
Since each new DMRS port occupies 24 REs, the PDSCH of legacy UE will be punctured on the REs transmitting legacy DMRS port 9.  Since there is no signal to inform that puncture, the data demodulation will be affected for legacy UEs.
If a legacy UE using port 7 and new UE using port 9 are paired together, DMRS of new UE would interfere legacy UE DMRS estimation. However, it is possible to pair legacy UE on port 7 with two new UEs on port 8 or port 10. Therefore the maximum number of orthogonal paired UE is 3 (but not 4) if a legacy UE is included in MU-pairing.

2) Alt. 5. Provide 4 orthogonal DMRS ports using FDM (24REs) and OCC length = 2, besides 2 scrambling sequences could be used to support other 4 quasi-orthogonal layers if needed.
In order to optimize channel estimation of DMRS ports 9 and 10, the PDSCH of legacy UE will be punctured on the corresponding REs.  Since there is no signal to inform that puncture, the data demodulation will be affected for legacy UEs.
Table 5. DMRS design for 8-layer MU-MIMIO of Alt.5
	
	Scrambling
(quasi-orthogonal)

	
	nSCID = 0
	nSCID = 1

	FDM
(orthogonal)
	OCC
(orthogonal)
	Port 7
	[+1 +1]
	Layer1
	Layer3

	
	
	Port 8
	[+1 -1]
	Layer2
	Layer4

	
	OCC
(orthogonal)
	Port 11
	[+1 +1]
	Layer5
	Layer7

	
	
	Port 13
	[+1 -1]
	Layer6
	Layer8
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Fig. 8.  RE mapping of DMRS design Alt.5
3) Alt. 6.  Provide 4 orthogonal DMRS ports using OCC length = 4 with 12REs, besides 2 scrambling sequences could be used to support other 4 quasi-orthogonal layers if needed.
The legacy UEs will use OCC of length 2 to estimate DMRS channel. If a legacy UE using port 7 and new UE using port 9 are paired together, DMRS of new UE would interfere legacy UE DMRS estimation. However, it is possible to pair legacy UE on port 7 with two new UEs on port 8 or port 10. Therefore the maximum number of orthogonal paired UE is 3 (but not 4) if a legacy UE is included in MU-pairing.
Table 6. DMRS design for 8-layer MU-MIMIO of Alt.6
	
	Scrambling
(quasi-orthogonal)

	
	nSCID = 0
	nSCID = 1

	OCC
(orthogonal)
	Port 7
	[+1 +1 +1 +1]
	Layer 1
	Layer3

	
	Port 8
	[+1 -1 +1 -1]
	Layer2
	Layer4

	
	Port 11
	[+1 +1 -1 -1]
	Layer5
	Layer7

	
	Port 13
	[+1 -1 -1 +1]
	Layer6
	Layer8
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Fig. 9.  RE mapping of DMRS design Alt.6
2.3.  Analysis of DMRS design

Six approaches for DMRS design are described above, and Table 7 compares these six alternatives in terms of overhead, high mobility performance, orthogonality and possibility of pairing with legacy UE.
Table 7. Comparison of six alternatives
	
	Orthogonal DMRS ports
	Total overhead
(REs)
	Overhead of 4-layer MU-MIMO (REs)
	High mobility performance
	Performance of pairing with legacy UE

	
	
	
	
	
	PDSCH puncture of legacy UE
	Max number of orthogonal DMRS

	Alt.1
	8
	24
	12
	Medium
	May need to if support  >3 layers
	7

	Alt.2
	8
	24
	12
	Good
	Need
	5

	Alt.3
	8
	24
	24
	Medium
	Need
	5

	Alt.4
	4
	24
	24
	Good
	Need
	3

	Alt.5
	4
	24
	12
	Good
	May need to if support >4 layers
	4

	Alt.6
	4
	12
	12
	Medium
	No
	3


The former 3 alternatives provide 8 orthogonal DMRS ports with total 24REs overhead. Different from Alt.1 and Alt.2, Alt.3 needs 24 REs to support up to 4-layer MU-MIMO transmission. Although it may increase DMRS channel estimation accuracy, it still sacrifices additional 12 REs. Since Alt.1 only needs to puncture PDSCH of legacy UE when supporting more than 3 layers, it has better performance while pairing with legacy UE than Alt.2. 

The later 3 alternatives provide 4 orthogonal DMRS ports and 2 scrambling sequences. If there is only 4-layer MU-MIMO transmission, Alt.5 is the same as the conventional MU-MIMO DMRS design. From overhead aspect, Alt.4 has the largest overhead considering each DMRS port occupies 24REs, while Alt.6 has the smallest overhead since the total overhead is only 12REs. Besides, Alt.6 has the same RE occupying as the conventional MU-MIMO, thus, it does not need to puncture PDSCH of legacy UE while pairing with legacy UE.
Thus, considering the overhead and impact to legacy UE, we have a slight preference of Alt.1 and Alt.6, and other approaches of DMRS design for higher order MU-MIMO is not precluded.
Proposal 1. Alt.1 is slightly preferred to support up to 8-layer multi-user transmission with up to 8 orthogonal DMRS ports.  

Proposal 2. Alt.6 is slightly preferred to support up to 8-layer multi-user transmission with up to 4 orthogonal DMRS ports.  
3. System level simulation of higher order MU-MIMO
Performance evaluation results of the conventional MU-MIMO (up to 2-layer) and higher order MU-MIMO (up to 8-layer) are shown in this section. Assume UE only has one transmit antenna for SRS transmitting, and single layer is transmitted per UE. 3D-UMi with 200m ISD and antenna configuration (8,4,2,64) with one-to-one mapping are applied in the simulation. Table 8 gives the simulation results of the conventional MU-MIMO and higher order MU-MIMO.
Table 8. Simulation results of higher order MU-MIMO with 1Tx SRS (RU: 70%)

	3D-UMi, 200m ISD
(8,4,2,64)
One-to-one
	2-layer MU-MIMO
	8-layer MU-MIMO with total 12 REs
	8-layer MU-MIMO with total 24REs

	5%UPT(bps/Hz)
	0.531
	1.008
	0.896

	50%UPT(bps/Hz)
	2.007
	2.586
	2.299

	Mean UPT(bps/Hz)
	1.914
	2.301
	2.045

	RU
	68%
	51%
	51%


From Table 8, we can see that 8-layer MU-MIMO with total 12 REs improves 5% UPT by 90%, 50% UPT by 29% and mean UPT by 20% compared to 2-layer MU-MIMO. Considering total 24REs overhead, the 5%, 50% and mean UPT are still improved by 69%, 15% and 7%. Besides, the RU is decreased from 68% to 51%. 
4. Conclusion
This contribution discusses DMRS design enhancement for higher order MU-MIMO and system level simulation results are provided to see the benefit of higher order MU-MIMO. Among the 6 alternatives described in Section 2, we have a slight preference of Alt.1 and Alt.6, and following proposals are made.
Proposal 1. Alt.1 is slightly preferred to support up to 8-layer multi-user transmission with up to 8 orthogonal DMRS ports.  
· Alt. 1. Reuse DMRS design of 8-layer single user transmission. This alternative provide 8 orthogonal DMRS ports using FDM (24 REs) and OCC length = 4.
Proposal 2. Alt.6 is slightly preferred to support up to 8-layer multi-user transmission with up to 4 orthogonal DMRS ports.  
· Alt. 6.  Provide 4 orthogonal DMRS ports using OCC length = 4 with 12REs, besides 2 scrambling sequences could be used to support other 4 quasi-orthogonal layers if needed.
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Annex

Table 1: 3D-MIMO Evaluation Assumptions for Baseline Case
	Parameters
	Values

	Homogeneous scenarios
	3D-Umi ISD 200m

	Polarized antenna modeling
	Model-2 from 36.873

	Traffic model 
	FTP Model 1 with packet size 0.5 Mbytes (low ~20% RU*, medium ~50% RU, high ~70%RU), the number of UEs is variable and according to desired load for bursty.

*RU clarification: multiple SU or MU layers are not counted multiple times towards RU, max RU=100% 

	Wrapping method
	Geographical distance based

	Handover margin
	3dB

	Metrics
	Mean, 5%, 50% UPT

	System bandwidth
	10MHz (50 PRBs)

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

	Carrier Frequency 
	3D-Umi ISD 200m: 2GHz

	Downtilt
	3D-Umi ISD 200m: 100 degree

	Network synchronization 
	Synchronized

	UE Speed 
	3km/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 modeling, detailed guidelines according to Rel-12 [71-12] assumptions
LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions

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

	Duplex Mode
	TDD 

	Feedback 
	PUSCH 3-0 for reciprocity based operation
CQI reporting triggered per 5ms 

Feedback delay is 5 ms 

	SRS
	1Tx, 5 ms periodicity, wideband

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

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

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)


Table 2: BS Antenna Configuration 

	Parameter
	Values

	Number of columns (N)
	4

	Antenna Polarization (P)
	P = 2: cross-pol (eNB: +/- 45 deg, UE: 0/90 deg)

	Horizontal antenna element spacing dH
	0.5λ

	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	8 dBi

	Vertical antenna element spacing and Number of antenna elements with the same polarization in each column (dV , M)
	(0.8 λ, 8) 


