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1 Introduction

In RAN1 #57bis, the proposals [1~4] for DM-RS pattern are discussed and it is suggested to continue discussion on DM-RS design in RAN1 #58. 

In [1], we discussed the DM-RS pattern design principles and performance comparison between CDM and FDM and proposed that 
· DM-RS positions for rank 1~2 should be a subset of those for rank up to 4.
· The 4th OFDM symbol may not be available for DM-RS patterns since it is used for control channels when system bandwidths are less than or equal to 10 RBs.
· The CDM pattern should be chosen as the DM-RS pattern for rank 1 and 2 transmission. 
· The CDM+FDM pattern could be chosen as the DM-RS pattern for rank 3 and 4 transmission.

In this contribution, we further investigate the multiplexing methods TDM, FDM and CDM from the aspects of performance, power usage and implementation complexity. 

2 Performance of CDM and FDM pattern 
In our companion contribution [5], for Rel-9, there are two options for rank 1 and 2 DM - RS pattern design:
· Option 1: Reuse R8  UE-specific RS position and TDM for 2 layer transmission;

· Option 2: Forward compatible patterns which could be CDMed or FDMed as shown in Figure 1.
In the same contribution [5], we also showed a performance comparison for dual layer beamforming. The simulation results suggest the following: 
· Option 1:
· R8 pattern always has worse performance compared to the patterns of option 2.
· Option 2:
· When the UE speed is low (3km/h), the performance of newly designed CDM and FDM patterns is very similar.
· When the UE speed is high (60km), the performance of newly designed FDM pattern is slightly better than that of CDM pattern. 
Although in Rel-9 we need to consider the backward compatibility, in Rel-10, the performance maybe the first concern, since more advanced MIMO technologies and CoMP need to be efficiently supported. So for Rel-10, newly designed patterns seem more attractive. 
In our contribution [4], we investigated whether CDM or FDM should be supported when the rank is equal to 1 or 2. Based on that evaluation, although FDM is slightly better from a performance point of view, CDM seems more attractive considering that the DMRS should also support MU-MMO. 
Furthermore, as shown in figure 1, there are two CDM options: CDM in frequency domain as in CDM pattern 0 or CDM in time domain as in CDM pattern 1. Considering the lower channel selectivity in time domain when the speed below 10km/h, we have a slight preference for the CDM pattern 0.
From the above analysis, we propose:
Proposal 1:

The CDM pattern 0 shown in figure 1 should be supported in Rel-10 for rank 1 and 2. 
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Figure 1 New DM-RS patterns for Release 10 rank 1 and rank 2 
The LTE-A design shall support more than 2 layers, and probably not only SU-MIMO, but also MU-MIMO could support more than 2 layer transmission. 
To evaluate the performance of DM-RS patterns for higher layer (Rank <=4) transmission and keeping in mind that a maximum of 24 REs per RB shall be reserved for rank 3~8 transmissions, four patterns given in the reference [6~9] are considered and shown in Figure 2. 
The simulation results are shown in Appendix. From the simulation results, it can be seen that 
· When the speed is 3km/h, the throughput is almost the same for the four different DM-RS patterns. 
· When the speed is 60km, the pure CDM pattern has the worst performance due to the time-frequency selectivity. CDM+FDM pattern, CDM+TDM pattern, and FDM pattern have very similar performance.

· When the speed is 120km/h, the CDM+TDM pattern has the best performance. The reason is that the frequency selectivity of the SCM-C channel is lower than the time selectivity at 120km/h. If the frequency selectivity is more severe, like e.g. in a TU channel, the CDM+FDM pattern may have an advantage. So considering the different channels to be supported by LTE-A, the performance of the CDM+TDM pattern and CDM+FDM pattern are quite similar. Again the pure CDM pattern has the worst performance.
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Figure 2 DM- RS patterns for R10 ranks <= 4
3 Further analysis of the DMRS design
3.1 Power sharing analysis
In LTE-A, DMRS was introduced to support up to 8 layer transmissions and keep the overhead acceptable.

The precoding vector and power density on the DMRS and the corresponding PDSCH layer should be the same, otherwise, the power offset between DMRS and PDSCH need to be informed to UE for correct QAM demodulation. We should keep this benefit in mind when designing DMRS patterns. 
Assuming the total transmission power for one OFDM symbol inside one RB is P. For two layer transmission the PDSCH of different layers are multiplexed by spatial code, therefore the PDSCH EPRE for each layer is P/24(Figure 3). 
For CDM (Figure 4), where the DMRS for different layers are multiplexed by an orthogonal code, it’s very natural that the DMRS EPRE for each layer is also P/24 as the PDSCH EPRE, which will save control signaling overhead. 

For FDM (Figure 5), where the DMRS of different layers are multiplexed within the same OFDM symbol, in order to fully use the total transmission power, the DMRS EPRE for each layer is P/12, which is 3dB higher than the PDSCH EPRE. 
For TDM (Figure 6), where the DMRS of different layers are multiplexed in different OFDM symbols, in order to fully use the total transmission power, the DMRS EPRE for each layer is P/12, which is also 3dB higher than the PDSCH EPRE. Note that, unlike FDM, because the DMRS are located in different OFDM symbols, it’s hard to share the power among different layers.
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Figure 3 PDSCH EPRE per layer
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Figure 4 DMRS EPRE of CDM pattern
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Figure 5 DMRS EPRE of FDM pattern
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Figure 5 DMRS EPRE of TDM pattern
When the rank is equal to or less than 4, according to the performance evaluation in section 2, it seems like FDM pattern, CDM+FDM pattern and CDM+TDM pattern have very similar performance and pure CDM pattern has the worst performance for high speeds. 
When up to 8 transmit antennas are available, there is the possibility that MU-MIMO with two layers per user also needs to be supported to fully exploit the MU-MIMO gain. In this case, the DMRS for 2 layers will be allocated to one user and the DMRS for the other two layers will be allocated to the other user. 
Here, it will be difficult to keep the DMRS EPRE for each layer and PDSCH EPRE for each layer the same in all different cases. However,  TDM generally puts more constraints on the power sharing among different layers. So the CDM+FDM pattern is slightly better than CDM+TDM pattern from the flexible power sharing point of view. 
In any case, moving up to 4 layers introduces a power offset between the DMRS EPRE and PDSCH EPRE, so it may need to be for further studied how to best solve this for MU-MIMO with multiple-layers per user.
3.2            The support of MU-MIMO 
In LTE-A, the DMRS patterns for SU-MIMO should also be able to support MU-MIMO. 
Starting from a very frequent scenario, where we have rank 1 and rank 2 transmission, and where there is one layer per user and a maximum of two users are multiplexed, we can see that there is already an advantage for CDM.

For FDM there would be an increase of complexity coming from the scheduling flexibility needed for MU-MIMO: 

Indeed, when multi-user paring is achieved, the DMRS pattern for rank 2 transmission is used, and the DMRS will occupy 12 REs. 
When multi-user paring fails, there are two options: 
· One is to restrict the DMRS for the target user to 6 REs and reserve the DMRS REs intended for the second user. This would contradict with the way forward that 12 REs assumed for rank 1 transmission.
· Another option is to use all the 12 REs for the DMRS of the desired user like in the rank 1 SU mode, but this would require different channel estimators if FDM is used.
Proposal 2:

Based on the above mentioned, CDM + FDM pattern 0 shown in figure 2 should be supported in Rel-10 for ranks below or equal to 4.
4 Summary of proposals for the LTE-A DM-RS pattern
According to the above analysis, we propose that 

· For rank 1 and 2 transmission, the CDM pattern 0 shown in figure 1 should be supported considering the performance, efficient and flexible power sharing, and the support of MU-MIMO.
· For rank 3 and 4 transmission, the CDM+FDM pattern in figure 2 should be supported considering the performance, and efficient and flexible power sharing.
· How to resolve the power offset between DMRS and PDSCH when using CDM+FDM pattern of figure 2 in MU-MIMO is for further study.
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Appendix 
1. DM-RS pattern performance for Rank 4 transmission 
Table A.1 Simulation Assumptions
	Parameter
	Value

	Number of Antennae
	4x4

	System bandwidth
	5 MHz

	Channel Estimation
	LMMSE

	Channel Model
	SCM-C

	Retransmission time
	4

	Precoding granularity
	1 PRB

	Channel Coding
	Turbo code

	Carrier Frequency
	2.0 GHz

	Detection Algorithm
	MMSE

	Number of PRBs  for one TB
	4RBs

	UE Speed
	3km/h, 60km/h, 120km/h
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Figure 4 Performance of different patterns (rank=4) under 3km/h

[image: image8.emf]0 5 10 15 20 25 30 35

0

1

2

3

4

5

6

7

8

9

SNR(dB)

Throughput(bps/Hz)

Four-layer transmission,Rank4,4x4,SCM-C,60km/h

CDM+FDM

CDM+TDM

FDM

CDM


Figure 5 Performance of different patterns (rank=4) under 60km/h

[image: image9.emf]0 5 10 15 20 25 30 35

0

1

2

3

4

5

6

7

SNR(dB)

Throughput(bps/Hz)

Four-layer transmission,Rank4,4x4,SCM-C,120km/h

CDM+FDM

CDM+TDM

FDM

CDM


Figure 6 Performance of different patterns (rank=4) under 120km/h
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