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1 Introduction
In TR36.897 [1] the following summary of DMRS enhancement results are captured:
· DMRS enhancements provides  [-6.03% , 57.68%] and [-4.74%, 102%] cell-average and cell edge performance gain respectively across all of the scenarios:
· For full buffer, the range of performance gain is [-6.03%, 57.68%] and [-4.74%~21.04%] for cell-average and cell edge respectively.
· For FTP, the range of performance gain is [-3.17%, 17%] and [-4.1%~102%] for cell-average and cell edge respectively.
It was concluded that from the performance perspective, DMRS enhancements are beneficial for EB/FD-MIMO.
In RAN#68, the WID [2] on EBF/FD-MIMO has been approved for specifying the identified enhancements captured in TR [1] of the study item.  One of the objectives is to enhance reference signal for EBF/FD-MIMO.  One of the enhancement areas is on DMRS as follows: 
· Support of additional ports for DMRS targeting higher dimensional MU-MIMO
· The maximum number of DMRS ports that a UE may be able to receive is kept as 8
In the contribution, we give our simulation results of DMRS enhancements and our viewpoints of DMRS enhancement .   
2 Performance of DMRS Enhancement

The current specification supports 2 orthogonal DMRS ports and 2 scrambling sequences with two different scid for MU-MIMO in TM9.  In TM10, the scrambling sequence depends on the virtual cell ID which is configurable in UE specific manner.  The baseline we assume here is to allow 4 MU layers with two orthogonal DMRS and two scrambling sequences in each cell for MU-MIMO. The actual number of MU layers depends on the schedule. Link level simulation is performed to generate different MSE curves in AWGN scene with only one DMRS Layer. For inter-layer interference due to quasi-orthogonal DMRS, it is modeled as AWGN noise when per-layer SINR is calculated for the SINR-MSE lookup table.  We consider DMRS overhead in the scheduler and receiver.  Table 2 shows our simulation cases.  
Tables 3 and 4 show the performance of the enhancement cases compared to the baseline with the antenna  configuration (M,N,P,Q)=(8,4,2,64) under FTP traffic and full buffer respectively in UMi scenario. Table 5 and 6 shows the Ftp and full buffer performance of the enhancement cases with antenna configuration (4,8,2,64) in UMa ISD 500m.

Table 2：Simulation Cases
	Case
	Maximum number of MU layers  L
	DMRS RE Overhead
	OCC length
	Maximum number of scrambling sequences

	Baseline
	4
	12
	2
	2

	Alt. 1
	8
	12
	2(for L≤2)

4(for L>2)
	2

	Alt. 2
	8
	12 (for L≤2 )

24 (for L>2)
	2
	2

	Alt. 3
	8
	12 (for L≤4 )

24 (for L>4)
	2(for L ≤ 2)

4(for L >2)
	1


Table 3：FTP Performance of enhancement cases with (M,N,P,Q)=(8,4,2,64), UMi ISD 200m, lambda=8
	Case
	RU
	Average System Spec Eff((b/s/Hz))
	Average System Spec Eff Gain
	50% UE Spec Eff

((b/s/Hz))
	50% UE Spec Eff Gain
	5% Cell edge Spec Eff((b/s/Hz))
	5% Cell edge Spec Eff Gain

	Baseline
	75.76%
	27.75
	0.00%
	25.81
	0.00%
	4.77
	0.00%

	Alt. 1
	74.55%
	28.28
	1.90%
	26.14
	1.31%
	5.27
	10.54%

	Alt. 2
	79.40%
	25.50
	-8.12%
	23.39
	-9.36%
	3.78
	-20.62%

	Alt. 3
	75.52%
	27.84
	0.32%
	25.81
	0.00%
	4.93
	3.32%


Table 4： Full buffer performance of enhancement cases with (M,N,P,Q)=(8,4,2,64), UMi ISD 200m
	Case
	Average System Spec Eff(b/s/Hz)
	Average System Spec Eff Gain
	5% Cell edge Spec Eff(b/s/Hz)
	5% Cell edge Spec Eff Gain

	Baseline
	7.22
	0.00%
	0.10
	0.00%

	Alt. 1
	10.68
	47.82%
	0.16
	55.80%

	Alt. 2
	9.95
	37.75%
	0.11
	10.05%

	Alt. 3
	9.19
	27.25%
	0.13
	23.02%


Table 5：FTP Performance of enhancement cases with (M,N,P,Q)=(4,8,2), UMa ISD 500m, lambda=8
	Case
	RU
	Average System Spec Eff((b/s/Hz))
	Average System Spec Eff Gain
	50% UE Spec Eff

((b/s/Hz))
	50% UE Spec Eff Gain
	5% Cell edge Spec Eff((b/s/Hz))
	5% Cell edge Spec Eff Gain

	Baseline
	89.06%
	19.85
	0.00%
	16.81
	0.00%
	1.99
	0.00%

	Alt. 1
	88.26%
	20.25
	2.02%
	17.70
	5.31%
	2.39
	20.28%

	Alt. 2
	91.58%
	17.95
	-9.58%
	14.49
	-13.77%
	1.62
	-18.52%

	Alt. 3
	88.92%
	19.98
	0.65%
	17.02
	1.28%
	2.19
	10.01%


Table 6： Full buffer performance of enhancement cases with (M,N,P,Q)=(4,8,2,64), UMa ISD 500m
	Case
	Average System Spec Eff(b/s/Hz)
	Average System Spec Eff Gain
	5% Cell edge Spec Eff(b/s/Hz)
	5% Cell edge Spec Eff Gain

	Baseline
	6.14
	0.00%
	0.07
	0.00%

	Alt. 1
	8.12
	32.19%
	0.09
	25.60%

	Alt. 2
	7.30
	18.87%
	0.06
	-7.78%

	Alt. 3
	6.96
	13.25%
	0.07
	1.79%


It can be observed from our performance evaluation that all alternatives provide significant gain by supporting higher order MU-MIMO in full buffer cases.  Both Alt.1 and Alt.3 provides good gain in FTP case.  Among the three alternatives,  Alt. 2 has the lowest performance gain because of higher DMRS overhead with only 4 orthogonal ports.  Alt.2 and Alt.3 allow DMRS overhead to be 24REs which requires PDSCH puncturing for legacy UEs.    Considering this, Alt.1 seems to be a good alternative as it has lower DMRS overhead and the best results.      

Observation 1: Alt.1 of DMRS enhancement scheme provides significant gain on cell average and cell edge spectral efficiency compared to the baseline in full buffer case.
Observation 2: Alt.1 of DMRS enhancement scheme provides significant gain on 5% UPT compared to the baseline in FTP case.

Proposal 1:  Adopt Alterative 1 of DMRS enhancement
3 Potential Specification Impacts of DMRS Enhancement
In this section, we discuss the potential specification impacts of DMRS enhancement.  Since Alt.1 provides the best performance, most of the considerations are for Alt. 1.   We consider the indication of the following information.
3.1 DMRS Port indication
Currently only DMRS port 7 or port 8 or ports {7,8} is indicated to the UE when number of layers is up to 2.  If Alt.1 is adopted and the maximum number of layers allocated to one UE is two in MU-MIMO, the UE can be allocated with one or two ports from DMRS ports {7,8,11,13}. We should consider how to inform UE the allocated port(s) are coming from ports {11,13}.  There are two methods to solve this problem : 

    1) Add new bit(s) to the current 3-bit signaling table of indication of antenna port(s), scrambling identity and number of layers in DCI Format 2C or 2D.  
    2)  Reuse existing field(s) to inform the new combination of DMRS ports

3.2 OCC length indication
The current MU-MIMO scheme is transparent in the existing releases.  In other words, the UE doesn't know whether another UE is paired with it in the transmission.   If Alt.1 is adopted and transparent MU-MIMO is still used, Rel-13 UEs may be confused whether OCC length of 2 or 4 should be used when DMRS port 7 or 8 is allocated.   One approach is to always use the assumption of OCC length of 4 for Rel-13 UEs.  This may not be an issue for low speed UEs as OCC length does not make much performance difference.  However, the performance loss cannot be ignored for medium to high speed UEs[3].   Blind detection of interfering DMRS ports can be done to decide whether the channel estimation should be done with the assumption of OCC length of 2 or 4.  However, if blind detection does not work well or UE complexity is too high to perform blind detection, it is desirable to explicitly inform the UE the OCC length.  
3.3 Power ratio 
If Alt.1 is adopted, DMRS transmission power can be shared by four layers.  The power allocated per DMRS port will decrease as the number of MU layers increases. We can consider power boosting of DMRS by borrowing power from PDSCH. The gain of this DMRS power boost scheme needs further study.  If the gain is significant, indication of DMRS-PDSCH power ratio to the UE should be considered.
Based on the above analysis, we propose:

Proposal 2: Further study on indication of port, OCC length and power ratio. 
4 Conclusion

In this contribution, we discuss the potential DMRS enhancements for Rel-13. From the above discussion, we have the following proposals:
Observation 1: Alt.1 of DMRS enhancement scheme provides significant gain on cell average and cell edge spectral efficiency compared to the baseline in full buffer case.

Observation 2: Alt.1 of DMRS enhancement scheme provides significant gain on 5% UPT compared to the baseline in FTP case.

Proposal 1:  Adopt Alterative 1 of DMRS enhancement

Proposal 2: Further study on indication of port, OCC length and power ratio. 
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Appendix A

Table A.1 Simulation parameters for Macro cell Scenario
	Parameters
	Assumptions

	Central Frequency
	2GHz

	Cellular Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site

	Antenna
	Tx Power：41dBm

	
	Transmitter: Config0~Config2[see table 1]，X-pol (+/-45)

Receiver: 2Rx cross-polarized antenna at UE，X-pol 0/+90

	
	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

	
	Antenna element spacing：(dV,dH)=( 0.8λ, 0.5λ,)

	
	Geographical distance based

	
	antenna array model of transmitter:：
 (M, N, P) = (8,4,2), 64 TXRUs  and (M, N, P) = (4,8,2), 64 TXRUs

	UE
	Speed：3km/h

	
	UE attachment: Based on RSRP from CRS port 0

	Number of UEs per cell
	Full buffer: 15
Ftp1: 20

	Channel Model
	3D UMi ISD 200 and 3D UMa ISD 500

	Operating bandwidth (BW)
	10 MHz

	Delay for scheduling and AMC
	6ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE-IRC 

Non-ideal interference covariance matrix estimation 

Non-Ideal channel estimation

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

	HARQ
	Maximum 4 transmissions

	Traffic model
	Full buffer model, Ftp1

	Feedback 
	PUSCH 3-2 for reciprocity operation,

	
	CQI and PMI reporting triggered per 5ms

	
	Feedback delay is 5 ms

	
	Feedback frequency granularity is 6PRB

	
	None-ideal channel covariance R

	Handover margin 
	3dB 








