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1 Introduction

DM-RS enhancements for MU-MIMO in two-dimensional antenna arrays have been well studied during the feasibility study of Elevation beamforming and FD-MIMO with the following conclusion [1]:

· From the performance perspective, DMRS enhancements are beneficial for EB/FD-MIMO
In the WID of elevation beamforming and FD-MIMO for LTE [2], DM-RS enhancement for support of higher dimensional MU-MIMO is indicated as one of the objectives for specification enhancements. In this contribution, we present our views on the specification enhancements for DM-RS for support of higher dimensional MU-MIMO.
2 Discussion
2.1 Increasing orthogonal DMRS ports
For the design of DM-RS enhancement, one general question is how many orthogonal DMRS ports needs to be supported for EB/FD-MIMO. Although using a two-dimensional active antenna array can greatly increase the probability for high MU-MIMO co-scheduling, it does not mean the number of orthogonal DMRS ports shall be also be scaled with MU-MIMO dimension. As discussed in [3], the benefits from improved DMRS orthogonality is dependent on the ratio of intra-cell interference to the total interference and noise power. If intra-cell interference tends to be high when MU-MIMO is scheduled then DM-RS enhancements to reduce inter-DMRS interference can greatly improve system performance. However, if the intra-cell interference is not so high then the benefits from increasing orthogonal DMRS ports are relatively small. This can be observed that larger gain for DMRS enhancements are observed for 16 TX than 64 TX since interference suppression capability via TX beamforming is sufficient for 64 TX. However, for 16 TX there is less probability for very high MU-MIMO scheduling. Therefore, all these factors shall be taken into account when designing DM-RS enhancements.
In Figure 1, the probability distributions of the total number of spatially multiplexed layers for different number of transmission antenna ports are compared. We present evaluation results for full buffer traffic models. As expected MU-MIMO transmission of total 4 layers or more is more common with the increase of number of transmission antenna ports. For 64 antenna ports, 80% of MU transmission is observed with total rank larger than 4. For 16 antenna ports, the number is reduced to less than 25%. However, it is also observed from Table 1 that the performance loss on mean user throughput is very small if the maximum number of layers for MU-MIMO transmission is limited to 4 compared to a higher transmission number of layers. For cell edge user throughput, max. 4-layer MU-MIMO transmission even performs better than max. 8 MU layer. Possible reasons are the used PF scheduling and non-ideal CSI feedback. 

On the other hand, supporting beyond four layers in MU-MIMO would greatly increase eNB scheduling complexity due to a large number of UE pairing hypothesis. For eNB equipped with a larger number of antenna ports, if zero forcing or SLR precoding is used for MU precoding, the scheduling complexity for higher dimensional MU operation will be very high. Therefore, the benefits for supporting more than 4 layers orthogonal MU-MIMO needs further classification.
Proposal 1: The design of DM-RS enhancement for increased orthogonal DM-RS ports shall prioritize maximum 4 layers MU-MIMO transmission.   

Table 1: MU Dimension Performance results
	
	16 ports
	64 ports

	 
	5%-UE Throughput (bps/Hz)
	 Gain
	Mean UE Throughput (bps/Hz)
	 Gain
	5%-UE Throughput (bps/Hz)
	 Gain
	Mean UE Throughput (bps/Hz)
	 Gain

	SU
	0.102
	 
	0.34
	 
	0.12
	 
	0.38
	 

	Max. MU Layer: 4
	0.115
	12.7%
	0.38
	11.8%
	0.15
	25% 
	0.46
	21.1%

	Max. MU Layer: 8
	0.11
	7.8%
	0.382
	12.4% 
	0.14
	16.7% 
	0.484
	27.3% 
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Figure 1: Distribution of the total number of spatially multiplexed layers (left: Max MU layer 4; right: Max MU layer 8)
2.2 DMRS pattern for 4 layers MU-MIMO
In this section we discuss the DMRS pattern design for up to 4 orthogonal DMRS ports. The different DMRS patterns for 4-layer MU-MIMO are shown in Figure 2. For Pattern A, 4 orthogonal DMRS ports are multiplexed using OCC length 4 with 12 REs. The same RE positions as Rel-12 DMRS pattern are used so that there is no impact on the legacy PDSCH transmission. However, SF4 is spread across 4 OFDM symbols which are not contiguous. At high Doppler the orthogonality may be lost leading to channel estimation performance loss. 

Pattern B reuses the DMRS pattern of rank 1-4 for single user transmission and the benefit is to allow reusing the channel estimator. However, the PDSCH of legacy UE will be punctured on the REs for DMRS port 9 and 10, which will degrade PDSCH performance. In addition, Pattern B requires 24 REs to support 4-layer MU-MIMO transmission. The additional DMRS overhead will reduce peak data rate although it may improve channel estimation accuracy. 
For Pattern C, the DMRS for different layers are multiplexed by FDM+CDM. In CDM design, the spreading is across two neighbouring OFDM symbols thus better support mobility. But there is performance loss with frequency selective channel due to the increase of DMRS frequency separation. When time and frequency selectivity is low both Pattern A and C would have the similar performance. If Pattern C is also used for 2-layer MU-MIMO, the DMRS channel estimation performance will be greatly impacted due to less number of DM-RS. Therefore, it is preferred to use Pattern C only when there are more than two layers MU-MIMO transmission. But in such case additional signalling is required to indicate the used DMRS pattern or total number of scheduled MU-MIMO layers to the UE.
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Figure 2. Different DMRS pattern for 4-layer orthogonal MU-MIMO and normal CP
Performance of different DM-RS patterns are evaluated with non-full traffic model. 3D-UMi with 200m ISD and (8,4,2,16) with subarray partition model are applied in the simulation. Other simulation assumptions can be found in the Appendix. Table 2 and 3 show the simulation results of the baseline of quasi-orthogonal DMRS pattern and the enhanced DMRS pattern for 2 and 4RX, respectivly. 

Table 2: Throughput gain of DMRS enhancements, Non-Full Buffer, 16 TXRU, 2RX

	Scheme
	RU
	5%-tile UPT
	50%-tile UPT
	Mean UPT

	
	[%]
	[Mbps]
	%
	[Mbps]
	%
	[Mbps]
	%

	Baseline
	50.2%
	6.02
	
	19.61
	
	25.12
	

	Pattern A
	47.6%
	6.27
	4.1%
	20.10
	2.5%
	25.66
	2.2%

	Pattern B
	55.0%
	5.72
	-5.1%
	18.19
	-7.2%
	23.28
	-7.3%


Table 3: Throughput gain of DMRS enhancements, Non-Full Buffer, 16 TXRU, 4RX

	Scheme
	RU
	5%-tile UPT
	50%-tile UPT
	Mean UPT

	
	[%]
	[Mbps]
	%
	[Mbps]
	%
	[Mbps]
	%

	Baseline
	36.8%
	11.20
	
	31.75
	
	35.89
	

	Pattern A
	33.7%
	12.70
	13.3%
	34.48
	8.6%
	37.99
	5.9%

	Pattern B
	37.3%
	11.68
	4.3%
	31.26
	-1.5%
	35.14
	-2.1%


From Table 2, we can see that DMRS Pattern A with total 12 REs improves 5% UPT by 4.1%, 50% UPT by 2.5% and mean UPT by 2.2% compared to the baseline quasi-orthogonal DMRS multiplexing. The gain is larger with 4RX as seen from Table 3. However, Pattern B suffers from larger DMRS overhead and performs even worse than the baseline. Based on the above analysis and performance evaluations we propose to consider Pattern A as DMRS pattern for up to 4 orthogonal ports.
Proposal 2: For supporting up to 4 orthogonal DMRS ports for MU-MIMO transmission, Pattern A in Figure 2, e.g. using OCC length 4 with total 12 REs shall be considered.   

2.3 Control signalling for DMRS port indication 
In this section we discuss DL control signalling design for support of the new DMRS pattern. In Rel-13, there could be multiple DMRS patterns for MU-MIMO transmission, e.g., supporting up to 2 and 4 orthogonal DMRS ports. Therefore, UE needs to know which of the DMRS patterns are used. The indication of the DMRS pattern can be done in any of the following ways:

· Option 1: Semi-statically configured by higher layer signalling

· Option 2: Dynamic configuration via L1 signalling, either separately or jointly encoded with DMRS port indication

Option 2 is beneficial if FD-MIMO UE is co-scheduled with legacy UE with a total rank up to 2 since the channel estimation of the DM-RS is improved by using OCC length 2. However, Option 2 may need a complicated L1 signalling design and an increase of DCI payload size on PDCCH. Therefore, Option 1 is slightly preferred. 
If DMRS pattern is indicated to UE using higher layer signalling, only the DMRS port indication needs to be conveyed dynamically via the PDCCH. For enhanced DMRS pattern with up to 4 orthogonal ports, one straightforward solution is to reuse the 3-bits field in DCI format for DMRS port indication by redefining the DMRS port mapping table as in Table 4. As seen from Table 4, the original non-orthogonal DMRS ports 7 and 8 with SCID = 1 are replaced by the orthogonal DMRS ports 11 and 13. The scrambling ID for DMRS ports 7 and 8 can be fixed to 0 or configured by higher layer signalling. The orthogonal cover codes for ports 7, 8, 11 and 13 will be determined same as in Rel-12. 
Table 4: Antenna port(s), scrambling identity and number of layers indication for enhanced DMRS pattern

	One Codeword:

Codeword 0 enabled,

Codeword 1 disabled
	Two Codewords:

Codeword 0 enabled,

Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	1 layer, port 7
	0
	2 layers, ports 7-8

	1
	1 layer, port 11
	1
	2 layers, ports 11-13

	2
	1 layer, port 8
	2
	3 layers, ports 7-9

	3
	1 layer, port 13
	3
	4 layers, ports 7-10

	4
	2 layers, ports 7-8
	4
	5 layers, ports 7-11

	5
	3 layers, ports 7-9
	5
	6 layers, ports 7-12

	6
	4 layers, ports 7-10
	6
	7 layers, ports 7-13

	7
	Reserved
	7
	8 layers, ports 7-14


The benefits of this approach are the minimum spec change and the existing DCI formats can be reused. However, it can only support up to 4 layer MU-MIMO transmission as indicated by the PDCCH. For TM10, it shall not be a problem since UE can be configured with different VCIDs for DMRS sequence generation. To support more than 4-layer MU-MIMO transmission UEs with different VCIDs can be paired and co-scheduled although this may impose a restriction on eNB scheduling. For TM9, PCID is used for DMRS sequence generation thus not supporting more than 4-layers MU-MIMO with this approach. But it is noted also that with existing DMRS pattern up to 4-layer MU-MIMO transmission is supported in TM9. Considering the performance benefits for more than 4-layer MU-MIMO are quite limited, it shall not be a big issue to restrict the maximum number of MU-MIMO layers to 4 in TM9. 
Proposal 3: For DMRS pattern indication, higher layer signaling is preferably used. The DMRS port indication can reuse the existing 3-bits field in the DCI formats by redefining the DMRS port mapping table.
3
Conclusion

In this contribution, we discuss DMRS specification enhancements to support higher dimensional MU-MIMO. We have the following proposals:

Proposal 1: The design of DM-RS enhancement for increased orthogonal DM-RS ports shall prioritize maximum 4 layers MU-MIMO transmission.   

Proposal 2: For supporting up to 4 orthogonal DMRS ports for MU-MIMO transmission, Pattern A in Figure 2, e.g. using OCC length 4 with total 12 REs shall be considered.   

Proposal 3: For DMRS pattern indication, higher layer signaling is preferably used. The DMRS port indication can reuse the existing 3-bits field in the DCI formats by redefining the DMRS port mapping table.
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Appendix: System level simulation assumptions

	Parameter
	Value

	Scenarios
	3D-UMi

	Frequency
	2GHz

	Bandwidth
	10MHz (50RBs), 
Note: PRG size for the baseline may be chosen for other BW

	eNB Antenna configurations
	(M,N,P, Q)=(8,4,2,16)
Cross-polarization: +/-45 degrees

	UE configurations
	Speed:  3km/h

	
	2 Rx and 4 Rx co-pol

	Scheduler
	PF 

	Traffic load
	FTP-1, RU = 50% 

	Transmit Mode
	Dynamic SU/MU: rank-adaption
Up to 2 layers for each UE

	Receiver
	Non-Ideal DMRS channel estimation and interference estimation 

	
	MMSE-IRC receiver aligned with phase 1

	Hybrid ARQ
	Maximum 4 transmissions

	CSI Feedback 
	    Non-ideal

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

	UE attachment
	Based on RSRP from CRS port 0 aligned with Phase-1

	Wrapping method
	Geographical distance based

	Handover margin
	3 dB
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