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1. Introduction

The precoded downlink RS is agreed for demodulation purpose in order to reduce the RS overhead. Since the demodulation RS (DM-RS) is precoded with the same precoder applied for data, the precoding matrices can be transparent to a UE and it is only needed to transmit DM-RS corresponding to the layers. Some more details have been agreed as a baseline for evaluations so far on DM-RS are as follows:

· DM-RS overhead

· Rank 1 transmission: 12 REs per RB (same overhead as Rel-8)

· Rank 2 transmission: 12 REs per RB to be confirmed

· Rank 3-8 transmissions: max 24 REs (total) per RB

· Strive for same REs per antenna port in each Rank

· Strive for same CSI-RS and DM-RS patterns regardless of subframe type

As shown above, the DM-RS overhead can be defined as the number of REs per RB in each transmission rank. In addition, unified DM-RS pattern irrespective of the subframe type seems to be promoted to minimize UE complexity. However, further details seem needed to be discussed to have a progress on the DM-RS. Thus, in this contribution, we will discuss on some more details of designing DM-RS for LTE-Advanced based on the agreed baseline. 

2. Consideration points for DM-RS Design 
· Transmission mode independent DM-RS
Up to 8-layer transmission in LTE-A system, UE-specific precoded DM-RS will be supported, thus achieving peak spectral efficiency requirement. Since the DM-RS is a UE-specific, it should be decided in advance whether the DM-RS will be optimized for each transmission mode or unified DM-RS will be used irrespective of the transmission mode. From the UE complexity point of view, it seems that the unified DM-RS has a benefit in terms of UE complexity since the demodulation operation will be the same regardless of the transmission mode. In addition, the unified DM-RS may provide some additional benefits when considering joint optimization of SU-MIMO/MU-MIMO and CoMP since flexible scheduling is possible among the multiple transmission modes that can be transparent to a UE. However, due to universally designed DM-RS for all transmission modes, a specific transmission mode may not provide sufficient performance gain. In this case, we may consider separate DM-RS for a specific transmission mode. First of all, it should be investigated whether universal DM-RS works properly for all transmission modes. Then, if the universal DM-RS can provide reasonable performance for each transmission mode, it is preferable to employ same DM-RS irrespective of the transmission mode. Otherwise, we may consider different DM-RS according to the transmission mode.
· Rank independent DM-RS
To support multiple transmission modes, it is preferable to have same DM-RS pattern irrespective of the rank so that a UE may perform same demodulation process under different transmission mode such as SU-MIMO, MU-MIMO and CoMP. Here, the same DM-RS pattern regardless of the rank implies that each layer’s DM-RS pattern (e.g., frequency time position and code) is same in all ranks so that layer-1 channel can be estimated with same channel estimator irrespective of the rank, for instance. If this property is supported, UE can demodulate all transmission modes with same operation so that UE design complexity can be minimized. Furthermore, by allowing dynamic mode adaptations due to UE transparency in DM-RS, LTE-A system can provide optimized performance in each situation. Therefore, it is preferable to have fixed DM-RS pattern for each layer irrespective of the rank. However, as we discussed before, if the performance is not sufficient due to this restriction, separate design of DM-RS according to the rank or specific rank can be considered. 
· DM-RS power boosting 
The details of DM-RS overhead for each transmission have been discussed and 12 REs per RB in rank 1 transmission is agreed as a baseline and maximum DM-RS overhead is also confined to 24 REs. However, it seems that the DM-RS power is not taken into account as an overhead. The DM-RS can be considered especially for CDM-multiplexed DM-RS design since the RS power may be shared by multiple layers so that poorer channel estimation performance can be expected as the number of layers goes higher. Therefore, it is worthwhile to investigate DM-RS power boosting whether it can provide a benefit

3. DM-RS Design Examples
So far, several DM-RS structures [1]-[6] have been proposed for higher order MIMO support. It seems that two design points can be first discussed such as DM-RS pattern and multiplexing method for higher rank. In this section, two DM-RS patterns are investigated such as Rel-8 antenna port 5 extension and newly designed pattern. In addition, we also study the performance according to multiplexing method such as FDM and CDM for rank-2 case.

· Extension from Rel-8 antenna port 5
Rank-2 DM-RS pattern can be extended from Rel-8 rank-1 UE-specific RS while keeping same DM-RS pattern in Rank-1 so that backward compatible design is possible. Two types of extension can be considered based on FDM and CDM. Following figure 1 shows examples of rank-2 DM-RS pattern.
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(a) Pattern-1 (FDM/TDM) [5]                                   (b) Pattern-2 (FDM/TDM/CDM) [5]
Figure 1. DM-RS pattern (rank-1 backward compatible)
For the Pattern-2, two types of CDM multiplexing are possible such as case-1 and case-2. For the case-1, first and second OFDM symbol containing DM-RS are CDM multiplexed [5], thereby resulting in performance degradation in highly frequency selective channel (i.e., ETU channel) due to inter-code interference. This can be solved if two RSs having same frequency position are multiplexed in code domain as shown in case-2.
 The figure 2 shows the MSE of pattern 2 according to CDM multiplexing case and Doppler frequency in ETU channel. As seen in the figure 2, case-2 performs better under low/medium mobility under ETU channel.  
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Figure 2. MSE of Pattern 2 according to the case.

Therefore, it seems better to use case-2 CDM to provide robust channel estimation performance under highly selective channel.
· New design for rank-2
For better design of higher rank DM-RS, newly designed DM-RS pattern can be also considered as shown in the figure 3. 
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(c) Pattern-3 (FDM/TDM)                                (d) Pattern-4 (FDM/TDM/CDM) [6]

Figure 3. DM-RS pattern (rank-1 non backward compatible)

· MSE performance
Figure 4 shows MSE of DM-RS according to the pattern and multiplexing method in ETU 3km/h. It seems that the performance is more dependent on DM-RS pattern than the multiplexing method. In addition, Rel-8 antenna port 5 extension performs better as compared with newly designed pattern.
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Figure 4. MSE according to DM-RS pattern in ETU 3km/h
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Figure 5. MSE according to DM-RS pattern in ETU 30km/h
As seen in figure 5, if Doppler frequency goes higher, the MSE of DM-RS patterns show similar performance. Therefore, it would be worthwhile to optimize DM-RS performance under low mobility scenario.
· BLER performance
The figures 6 and 7 show the BLER performance according to DM-RS pattern under high SNR operating ranges. As seen in the figures, the BLER performances reflect the MSE such that DM-RS pattern having lower MSE performs worse and the performance gap becomes more significant as the SNR goes higher as similar as MSE. 
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Figure 6. BLER performance according to DM-RS pattern in ETU 3km/h (16QAM, R=1/2)
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Figure 7. BLER performance according to DM-RS pattern in ETU 3km/h (64QAM, R=1/2)
Observation: it is shown that the antenna port 5 in Rel-8 performs well as compared with newly designed DM-RS pattern since the RS is well distributed in an RB. In addition, performance difference between FDM and CDM seems negligible, however, a couple of advantages such as reuse of channel estimator of rank-1. Therefore, as far as channel estimation performance is not different, CDM seems to be better choice as a multiplexing method.
4. Summary
In this contribution, we discussed on DM-RS design for higher MIMO support and studied several DM-RS patterns with link level evaluation. The discussions can be summarized as follows:

· Same DM-RS irrespective of the transmission mode is preferred as far as it works properly for all transmission modes.

· Rank independent design (e.g., CDM multiplexing) is preferred as a baseline as far as significant performance degradation is not shown.

· Pattern-1 and Pattern-2 extended from Rel-8 antenna port 5 seems to provide better channel estimation performance as compared with newly designed DM-RS pattern.
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Annex: Link-level Simulation Assumptions
Simulation assumptions for the DM-RS pattern evaluation are summarized in the table 1.

Table 1. Details of link-level simulation assumptions

	Carrier frequency
	2 GHz

	Bandwidth
	5 MHz

	RB Assignment
	4 RBs

	Channel Model
	ETU (3km/h and 30km/h)

	Antenna Configuration
	4x2

	Antenna Correlation
	Uncorrelated

	Precoding
	Fixed precoding (in Rel-8 rank-2)

	Channel Estimation
	1 RB based 2D-MMSE

	Power Boosting of DM-RS
	Same power as that for data RE

	CDM multiplexing for DM-RS
	2x2 Walsh code
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