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1 Introduction
The DMRS pattern proposals and the evaluation assumption have been discussed through the email threads in 87-28 and 87-29 after the Reno meeting. Note that some companies have submitted dozens of patterns as the proposal.
In this contribution, we select eleven patterns for the further link level evaluation. The TDL channel model is applied to 4GHz carrier frequency in this study.
2 Simulation setup and the selected patterns
The common simulation parameters are listed in TABLE 1. Note that in this evaluation, the CRS and CSI-RS of LTE are not transmitted. The simulation is under 4x4 MIMO structure, with two-layer and four-layer transmission. TABLE 2 shows the port multiplexing method for each DMRS pattern, followed by the eleven figures of the RE mapping of the patterns. The eight-layer performance comparison is not provided in the contribution.
The channel estimation we’ve applied is the post-FFT interpolation based on 1D-MMSE at frequency and time domain respectively. The interpolation at the frequency domain comes first. The coefficients for the interpolation are determined by the parameter estimation on the delay spread and the Doppler spread. Note that the algorithm we’ve considered requires at least three effective reference signals after performing the de-spreading. For the patterns of which the parameter estimation can’t be performed, the interpolation coefficients for handling the maximum delay spread or the maximum Doppler spread are applied.  
Also note that for Pattern 5 and 6, the interpolation at the time domain comes first. 
The resource allocation of one PRB is considered. The main reason is to inspect the channel estimation impact to the performance without the PRB bundling. The situation happens on the distributed-type resource allocation.
	Carrier frequency 
	4GHz 

	MIMO configuration
	4x4

	MIMO correlation
	medium at eNB, low at UE

	Layer number for transmission
	2 and 4 layers

	Data allocation
	1 PRB

	PRB bundling 
	1

	Scheduling unit
	14 symbols ( 2 for PDCCH)

	Transmission scheme
	random beamforming by Rel-8 4 TX codebook

	Link adaptation
	fixed MCS at MCS= 2, 5, 14 and 23

	HARQ
	disabled 

	Channel coding
	Turbo code

	Channel estimation method
	1D-MMSE applied to frequency domain and time domain respectively

	Parameter estimation
	Doppler spread estimation and delay spread estimation based on DMRS

	Time/freq tracking 
	not applied


TABLE 1, the common simulation parameters
	
	Port multiplexing

	Pattern 1: MTK 6x3
	CDM in frequency domain and TDM

	Pattern 2: MTK 6x2
	CDM in frequency domain and TDM

	Pattern 3: QC 6x2
	CDM in frequency domain and FDM

	Pattern 4: QC 6x4
	CDM in frequency domain and FDM

	Pattern 5: INTEL 6x2
	CDM in frequency domain and TDM

	Pattern 6: INTEL 6x3
	CDM in frequency domain and TDM

	Pattern 7: HW 6x2
	CDM in frequency domain and FDM

	Pattern 8: E/// 12x2
	CDM in frequency domain ( OCC-2 and DFT-4)

	Pattern 9: LGE 12x4
	CDM in frequency domain ( OCC-2 and DFT-4)

	Pattern 10: CATT 8x2
	CDM in frequency domain ( OCC-2 and OCC-4)

	Pattern 11: CATT 8x4
	CDM in frequency domain ( OCC-2 and OCC-4)


TABLE 2, port multiplexing method
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       Pattern 1: MTK 6x3             Pattern 2: MTK 6x2              Pattern 3: QC 6x2
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      Pattern 4: QC 6x4               Pattern 5: Intel 6x2               Pattern 6: Intel 6x3
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       Pattern 7: HW 6x2             Pattern 8: E/// 12x2            Pattern 9: LGE 12x4
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                      Pattern 10: CATT 8x2             Pattern 11: CATT 8x4

3 DMRS pattern analysis

The three-set DMRS pattern in Pattern 1 has been our proposal in [1]. It facilitates the Doppler spread estimation based on using DMRS. Note that the symbol spacing between the three sets is not equal. The purpose is to leverage the CSI-RS configuration of LTE and also to reserve port 0 CRS of LTE with configurable bandwidth and periodicity for time/frequency tracking and measurement.
In Pattern 1, the second set located at symbol 9 and 10 can be further moved forward to symbol 8 and 9. Pattern 2 is the two-set structure for benchmarking purpose.
The structure of Pattern 3 and 4 may allow the channel impulse response estimation when the PRB bundling size is large. Also in Pattern 3, the extrapolation is only applied to two OFDM symbols. One concern is when the CDM is applied for port multiplexing, the channel estimation error could be increasing with the large delay spread, because the reference signals for multiplexing are not adjacent.
The intention of Pattern 5 and 6, obviously, is to mitigate the effect of extrapolation. However, it may restrict the UE implementation that the interpolation in time domain should come first. 
In Pattern 7, the spacing between the DMRS is equal among a couple of PRBs when the bundling is enabled. The extrapolation effect could be the concern under the large delay spread when the PRB bundling is disabled.
In Pattern 8, the interpolation quality in frequency domain can be better when the layer number for multiplexing is small. For example, the 6-tap interpolation in one PRB can be performed for two layers multiplexed by OCC = 2. However, the channel estimation quality in high speed could be the concern under the two-set structure. 
The 4-set structure in Pattern 9 is to handle the high speed scenario. However, the large number of reference signal will raise the coding rate. It is questionable that if the improved channel estimation quality can compensate the increasing coding rate.
In Pattern 10, the extrapolation is applied to 5 OFDM symbols. As such, the performance could be degraded in high speed scenario. For Pattern 11, it could be advantageous in four-layer transmission because of the balance between the coding rate and the reference signal number.
4 Simulation results analysis

The coding rate of the two-layer and four-layer cases are shown in TABLE 3 and 4, respectively. TABLE 5 and 6 show the number of taps for performing channel estimation in a PRB and the availability of performing the parameter estimation by using DMRS. 
The performance of the DMRS patterns are compared by using the method in 36.101, which is to compare the SNR of achieving 70% of the maximum throughput. We try to identify the top 3 DMRS patterns for each case we simulate. If the results are close, they are grouped together as the joint winners.
In our view, Pattern 1, 4, 5, 6, 11 are quite competitive. Pattern 8 is not included because of the degraded performance in the case of high MCS and the highway speed (MCS=23, 120Km/hr), as shown in Fig. 12. It is also expected that the Pattern 7 can perform much better when the PRB bundling is enabled.
It is notable that, 4 out of the 5 patterns with good performance are at least of 3 sets, which are Pattern 1, 4, 6 and 11. It means, the slightly-increasing coding rate can be well compensated by the significantly improved channel estimation quality. The good performance of multiple sets can also be observed at MCS=2 cases, as shown in Fig. 1, 2, 13 and 14.
We would like to point out that, the DMRS pattern evaluation is mainly on comparing the channel estimation quality, and the trade off on the coding rate. It doesn’t completely represent the demodulation performance. The reference signal for time/frequency tracking is still not designed yet. We want to point out that, if taking DMRS for serving the purpose of time/frequency tracking, the frequency tracking accuracy and the time for convergence are strongly related to the available number of reference signal. Therefore, the tracking performance could be different for the UE with different number of scheduled resource blocks. The time tracking resolution is also related to the scheduled number of resource blocks, and the PRB bundling size.
The eleven patterns we’ve simulated may not fully cover the proposals from all the companies. We suggest that the proposal from each company should be restricted to one pattern for each scheduling unit ( 7 symbols, 14 symbols or mini slot), if the further evaluation will be proceeded.
	Two-layer case
	Available RE number in one PRB ( 12x 14)
	Coding rate for 

MCS=2
	Coding rate for 

MCS=5
	Coding rate for 
MCS=14
	Coding rate for 

MCS=23

	Pattern 1: MTK 6x3
	126
	0.22 (56/252)
	0.38 (96 /252)
	0.49 (248 /504)
	0.68 (512/756)

	Pattern 2: MTK 6x2
	132
	0.21 (56/264)
	0.36 ( 96 /264)
	0.47 (248 /528)
	0.65 (512/792)

	Pattern 3: QC 6x2
	132
	0.21 (56/264)
	0.36 ( 96 /264)
	0.47 (248 /528)
	0.65 (512/792)

	Pattern 4: QC 6x4
	120
	0.23 (56/240)
	0.4 (96 /240)
	0.52 (248 /480)
	0.71 (512/720)

	Pattern 5: INTEL 6x2
	132
	0.21 (56/264)
	0.36 ( 96 /264)
	0.47 (248 /528)
	0.65 (512/792)

	Pattern 6: INTEL 6x3
	126
	0.22 (56/252)
	0.38 (96 /252)
	0.49 (248 /504)
	0.68 (512/756)

	Pattern 7: HW 6x2
	132
	0.21 (56/264)
	0.36 (96 /264)
	0.47 (248 /528)
	0.65 (512/792)

	Pattern 8: E/// 12x2
	120
	0.23 (56/240)
	0.4 (96 /240)
	0.52 (248 /480)
	0.71 (512/720)

	Pattern 9: LGE 12x4
	96
	0.29 (56 /192)
	0.5 (96 /192)
	0.65 (248 /384)
	0.89 (512/576)

	Pattern 10: CATT 8x2
	128
	0.22 (56 /256)
	0.375 (96 /256)
	0.48 (248 /512)
	0.67 (512/768)

	Pattern 11: CATT 8x4
	112
	0.25 (56 /224)
	0.43 (96 /224)
	0.55 (248 /448)
	0.76 (512/672)


TABLE 3, coding rate for two-layer simulation
	Four-layer case
	Available RE
number in one PRB ( 12x 14)
	Coding rate for 

MCS=2
	Coding rate for 

MCS=5
	Coding rate for 
MCS=14

	Pattern 1: MTK 6x3
	108
	0.22 (96/432)
	0.39 (168/432)
	0.59 (512 /864)

	Pattern 2: MTK 6x2
	120
	0.20 (96/480)
	0.35 (168/480)
	0.53 (512 /960)

	Pattern 3: QC 6x2
	120
	0.20 (96/480)
	0.35 (168/480)
	0.53 (512 /960)

	Pattern 4: QC 6x4
	96
	0.25 (96/384)
	0.44 (168/384)
	0.67 (512 /768)

	Pattern 5: INTEL 6x2
	120
	0.20 (96/480)
	0.35 (168/480)
	0.53 (512 /960)

	Pattern 6: INTEL 6x3
	108
	0.22 (96/432)
	0.39 (168/432)
	0.59 (512 /864)

	Pattern 7: HW 6x2
	120
	0.20 (96/480)
	0.35 (168/480)
	0.53 (512 /960)

	Pattern 8: E/// 12x2
	120
	0.20 (96/480)
	0.35 (168/480)
	0.53 (512 /960)

	Pattern 9: LGE 12x4
	96
	0.25 (96/384)
	0.44 (168/384)
	0.67 (512 /768)

	Pattern 10: CATT 8x2
	128
	0.19 (96/512)
	0.33 (168/512)
	0.50 (512 /1024)

	Pattern 11: CATT 8x4
	112
	0.21 (96/448)
	0.38 (168/448)
	0.57 (512 /896)


TABLE 4, coding rate for four-layer simulation

	Two-layer case
	CE tap number in one PRB for each layer ( tap number in freq domain x tap number in time domain)
	Allow delay spread estimation in a PRB?
	Allow Doppler spread estimation in a PRB?

	Pattern 1: MTK 6x3
	3x3
	YES
	YES

	Pattern 2: MTK 6x2
	3x2
	YES
	NO

	Pattern 3: QC 6x2
	3x2
	YES
	NO

	Pattern 4: QC 6x4
	3x4
	YES
	YES

	Pattern 5: INTEL 6x2
	3x2
	YES
	NO

	Pattern 6: INTEL 6x3
	3x3
	YES
	YES

	Pattern 7: HW 6x2
	3x2
	YES
	NO

	Pattern 8: E/// 12x2
	6x2

	YES
	NO

	Pattern 9: LGE 12x4
	6x4
	YES
	YES

	Pattern 10: CATT 8x2
	4x2
	YES
	NO

	Pattern 11: CATT 8x4
	4x4
	YES
	YES


TABLE 5, CE tap number and the availability of parameter estimation for two-layer simulation

	Four-layer case
	CE tap number in one PRB for each layer ( tap number in freq domain x tap number in time domain)
	Allow delay spread estimation in a PRB?
	Allow Doppler spread estimation in a PRB?

	Pattern 1: MTK 6x3
	3x3
	YES
	YES

	Pattern 2: MTK 6x2
	3x2
	YES
	NO

	Pattern 3: QC 6x2
	3x2
	YES
	NO

	Pattern 4: QC 6x4
	3x4
	YES
	YES

	Pattern 5: INTEL 6x2
	3x2
	YES
	NO

	Pattern 6: INTEL 6x3
	3x3
	YES
	YES

	Pattern 7: HW 6x2
	3x2
	YES
	NO

	Pattern 8: E/// 12x2
	3x2
	YES
	NO

	Pattern 9: LGE 12x4
	3x4
	YES
	YES

	Pattern 10: CATT 8x2
	2x2
	NO
	NO

	Pattern 11: CATT 8x4
	2x4
	NO
	YES


TABLE 6, CE tap number and the availability of parameter estimation for four-layer simulation

	case
	Winner 
	Runner-up
	Third place

	MCS=2, TDL_A ds=30ns, Doppler= 110Hz, two layers
	Pattern 11
	Pattern 9/Pattern 6/Pattern 1/Pattern 4
	Pattern 8

	MCS=2, TDL_C ds=300ns, Doppler= 444Hz, two layers
	Pattern 8/Pattern 11
	Pattern 1/Pattern 10/Pattern 4/Pattern 9
	Pattern 6/Pattern 5

	MCS=5, TDL_C ds=300ns, Doppler= 444Hz, two layers
	Pattern 8 
	Pattern 11
	Pattern 1/Pattern 10/Pattern 5

	MCS=5, TDL_A ds=30ns, Doppler= 110Hz, two layers
	Pattern 1/Pattern 11/Pattern 6
	Pattern 4
	Pattern 8

	MCS=14, TDL_A ds=10ns, Doppler= 11Hz, two layers
	Pattern 1/Pattern 6
	Pattern 4
	Pattern 11/Pattern 8

	MCS=14, TDL_A ds=30ns, Doppler= 110Hz, two layers
	Pattern 1/Pattern 6
	Pattern 5
	Pattern 8/Pattern 4

	MCS=14, TDL_B ds=100ns, Doppler= 444Hz, two layers
	Pattern 5
	Pattern 1
	Pattern 11

	MCS=14, TDL_C ds=300ns, Doppler= 444Hz, two layers
	Pattern 1 
	Pattern 5
	Pattern 11 /Pattern 4 /Pattern 3

	MCS=14, TDL_C ds=300ns, Doppler=1850Hz, two layers, SCS=60KHz
	Pattern 1/Pattern 5
	Pattern 6/Pattern 11
	Pattern 8/Pattern 2/Pattern 4

	MCS=14, TDL_E ds=30ns, Doppler=1850Hz, two layers, SCS=60KHz
	Pattern 1
	Pattern 5/Pattern 6/Pattern 11/Pattern 4
	Pattern 3

	MCS=23, TDL_C ds=300ns, Doppler= 444Hz, two layers
	Pattern 1
	Pattern 6
	Pattern 5/Pattern 4/Pattern 11

	MCS=23, TDL_A ds=30ns, Doppler= 110Hz, two layers
	Pattern 5
	Pattern 3/Pattern 1/Pattern 2/Pattern 10
	Pattern 8/Pattern 7

	MCS=2, TDL_A ds=30ns, Doppler= 110Hz, four layers
	Pattern 9
	Pattern 11
	Pattern 1/Pattern 6

	MCS=2, TDL_C ds=300ns, Doppler= 444Hz, four layers
	Pattern 9/Pattern 8/Pattern 11
	Pattern 1
	Pattern 5

	MCS=5, TDL_A ds=30ns, Doppler= 110Hz, four layers
	Pattern 11
	Pattern 1/Pattern 6/Pattern 9
	Pattern 8

	MCS=5, TDL_C ds=300ns, Doppler= 444Hz, four layers
	Pattern 8/Pattern 11
	Pattern 9
	Pattern 5/Pattern 1/Pattern 2

	MCS=14, TDL_C ds=300ns, Doppler= 444Hz, four layers
	Pattern 11
	Pattern 1
	Pattern 6

	MCS=14, TDL_A ds=30ns, Doppler= 110Hz, four layers
	Pattern 8
	Pattern 5
	Pattern 3/Pattern 2/Pattern 11


TABLE 7, list of the top 3 performance for each case
	
	No. to be 

Winner
	No. to be 

Runner-up
	No. to be 

Third place

	Pattern 1: MTK 6x3
	7
	7
	3

	Pattern 2: MTK 6x2
	0
	1
	2

	Pattern 3: QC 6x2
	0
	1
	3

	Pattern 4: QC 6x4
	0
	5
	3

	Pattern 5: INTEL 6x2
	2
	5
	5

	Pattern 6: INTEL 6x3
	3
	4
	3

	Pattern 7: HW 6x2
	0
	0
	1

	Pattern 8: E/// 12x2
	5
	0
	5

	Pattern 9: LGE 12x4
	2
	3
	0

	Pattern 10: CATT 8x2
	0
	2
	1

	Pattern 11: CATT 8x4
	7
	3
	7


TABLE 8, statistics of the number at top 3 positions for each pattern
5 Conclusion

Finally we have,

Observation 1, The following 5 patterns are quite competitive,
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 Pattern 1: MTK 6x3   Pattern 4: QC 6x4    Pattern 5: INTEL 6x2   Pattern 6: INTEL 6x3    Pattern 11: CATT 8x4
Observation 2, It is notable that, 4 of the 5 patterns with good performance are at least of 3 sets, which are Pattern 1, 4, 6 and 11. It means, the slightly-increasing coding rate can be well compensated by the significantly improved channel estimation quality.

Observation 3, The good performance of multiple sets can also be observed at MCS=2 cases (lower SNR).

Observation 4, Even for the low speed scenario, the 3-set DMRS patterns can still outperform 2-set DMRS patterns in many cases. It is also not practical for the network to allocate different DMRS patterns due to the change of the channel condition.
Observation 5, If taking DMRS for serving the purpose of time/frequency tracking, the frequency tracking accuracy and the time for convergence are strongly related to the available number of reference signal. Therefore, the tracking performance could be different for the UE with different number of scheduled resource blocks. The time tracking resolution is also related to the scheduled number of resource blocks, and the PRB bundling size.
Proposal 1, RAN1 should start to discuss the reference signal for time/frequency tracking and AGC adjustment.

Proposal 2, Restrict on the one proposal for each scheduling unit ( 7 symbols, 14 symbols, or mini slot) for each company. Otherwise it is not easy to compare fairly. 

Proposal 3, At least for the case of 14 symbols as the scheduling unit, the three-set DMRS pattern should be considered. The channel estimation quality is improved significantly. It also facilitates the UE implementation on Doppler spread estimation of using DMRS.

Proposal 4, The configurable DMRS pattern is not necessary for the 4GHz case. It is not practical to change the pattern due to different channel condition. Therefore, the single DMRS pattern can be considered for each scheduling unit. And the single pattern is also applicable for different subcarrier spacing.
6 Reference
  [1] R1-1612146
7 Simulation curves
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    Fig. 1, MCS=2, 2 layers, TDL_A ds=30ns,                           Zoom in of Fig. 1
         Doppler= 110Hz                                  
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    Fig. 2, MCS=2, 2 layers, TDL_C ds=300ns,                          Zoom in of Fig. 2

         Doppler= 444Hz
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     Fig. 3, MCS=5, 2 layers, TDL_A ds=30ns,                        Zoom in of Fig. 3
          Doppler= 110Hz                                  
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     Fig. 4, MCS=5, 2 layers, TDL_C ds=300ns,                     Zoom in of Fig. 4

           Doppler= 444Hz
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     Fig. 5, MCS=14, 2 layers, TDL_A ds=10ns,                        Zoom in of Fig. 5
          Doppler= 11Hz                                   
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     Fig. 6, MCS=14, 2 layers, TDL_A ds=30ns,                    Zoom in of Fig. 6

           Doppler= 110Hz
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    Fig. 7, MCS=14, 2 layers, TDL_B ds=100ns,                      Zoom in of Fig. 7

         Doppler=444Hz  
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       Fig. 8, MCS=14, 2 layers, TDL_C ds=300ns,                    Zoom in of Fig. 8

            Doppler=444Hz                                    
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 Fig. 9, MCS=14, 2 layers, TDL_C ds=300ns, SCS=60KHz                  Zoom in of Fig. 9
      Doppler=1850Hz                                    
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  Fig. 10, MCS=14, 2 layers, TDL_E ds=30ns, SCS=60KHz              Zoom in of Fig. 10

        Doppler=1850Hz                                    
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      Fig. 11, MCS=23, 2 layers, TDL_A ds=30ns,                    Zoom in of Fig. 11
           Doppler=110Hz
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      Fig. 12, MCS=23, 2 layers, TDL_C ds=300ns,                     Zoom in of Fig. 12
            Doppler=444Hz                           
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     Fig. 13, MCS=2, 4 layers, TDL_A ds=30ns,                          Zoom in of Fig. 13

           Doppler=110Hz                                   
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      Fig. 14, MCS=2, 4 layers, TDL_C ds=300ns,                          Zoom in of Fig. 14

            Doppler=444Hz                                   
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    Fig. 15, MCS=5, 4 layers, TDL_A ds=30ns,                            Zoom in of Fig. 15

          Doppler=110Hz                                   
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     Fig. 16, MCS=5, 4 layers, TDL_C ds=300ns,                        Zoom in of Fig. 16

            Doppler=444Hz
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     Fig. 17, MCS=14, 4 layers, TDL_A ds=30ns,                        Zoom in of Fig. 17

            Doppler=110Hz
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     Fig. 18, MCS=14, 4 layers, TDL_C ds=300ns,                       Zoom in of Fig. 18

            Doppler=444Hz
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