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1. Introduction
In 3GPP RAN1#56 meeting, it was concluded in the way forward on CoMP and MIMO DL RS [1] as below: 
· UE specific

· Transmitted only in scheduled RBs and the corresponding layers

Different layers can target the same or different UEs

· Design principle is an extension of the concept of Rel-8 UE-specific RS (used for beamforming) to multiple layers

Details on UE-specific RS pattern, location, etc are FFS

· RSs on different layers are mutually orthogonal

· RS and data are subject to the same precoding operation

· complementary use of Rel-8 CRS by the UE is not precluded
In 3GPP RAN1#56bis meeting, the progress on DM-RS is:
· DM-RS

· 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

In [2], Demodulation RS for low rank (dual ports beamforming) has been investigated in terms of overhead and means of multiplexing. However, the scenario of high speed and parameter of RS power were not considered. Overhead and means of multiplex will be investigated further in those scenarios.
In addition, some design philosophy and consideration on Demodulation RS for high rank (3-8 layers) are also discussed in this contribution.
2. DM RS design for low rank transmission
2.1. RS overhead for rank 2 transmission
The overhead of DM RS for rank 1 is decided to be 12 REs per RB; for rank 2 transmission, whether using 12 REs per RB needs to be confirmed. 
In this contribution, based on the conclusion DM-RS “Design principle is an extension of the concept of Rel-8 DM-RS (used for beamforming)”, four different RS structures (2x4, 2x6, 2x8, and 2x12), as shown in Figure 1, are compared.
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Pattern 3 (2x8)                                      pattern 4 (2x12)      

Figure 1 Rank 2 DM-RS structures for normal CP

Some simulation parameters are given in Table 1 and simulation results are shown in Figure 2 and 3. From the simulation results, we can see that at low and moderate SNR, pattern 2, pattern 3, pattern 4 in figure1 have similar performance, and are better than pattern 1. At high SNR, with reference to pattern 4, pattern 1, pattern 2, pattern3 respectively get approximately 7.76%，11.6%, 5.27% gain at speed of 3km/h and 3.5%,7.4% ,2.9% at speed of 30km/h . Especially, pattern 2 has better performance than pattern 1 at high SNR. This is because patttern1 for dual-layer is not enough to track channel. 
Briefly, taking consideration on the tradeoff between the channel estimation performance and overhead, for rank 2 transmission, DM-RS with 12 REs per RB shows the best choice. 
Table 1 Simulation parameters for DM-RS overhead  
	Number of Antennae
	8×2 

	Carrier Frequency
	2.0 GHz

	Inter element distance at UE
	0.5lambda

	Inter element distance at eNodeB
	0.5 lambda

	system bandwidth
	5M

	Channel Model
	SCM-UrbanMacro

	Channel Coding
	Turbo code

	Number of PRB
	6

	Granularity of channel estimation
	1 

	Channel estimation
	MMSE2D

	Detection algorithm
	MMSE

	Number of HARQ retransmission
	YES

	Number of retransmission
	4

	AMC
	YES

	UE Speed
	3km/h  30km/h 

	Pilot_powerboost
	0dB  

	Feedback
	perfect
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Figure 2 Performance of different DM-RS patterns for normal CP (3km/h) 
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 Figure 3 Performance of different DM-RS patterns for normal CP (30km/h) 
2.2. Multiplexing method
Besides the RS overhead, the multiplexing method will also influence the performance of channel estimation. In [2], we compared FDM/TDM-based DM-RS with CDM-based DM-RS using the same RS overhead, and two methods have the similar performance in low speed case. In this section, some new factors, such as DM-RS power boost and high speed case, are further considered. 
In [2], FDM/TDM-based DM-RS has the same power as data per stream, as shown in figure4 (a). This has less power assumption than CDM-based. Based on this scheme of power allocation, the comparison between FDM/TDM-based and CDM-based are not fair. Therefore, FDM/TDM-based DM-RS power should be boosted, as shown in Figure4 (b). 
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(a)  power boost （0dB）                             (b) power boost（3dB）
Figure 4 DM-RS power boost
Figure 5 shows an example of DM-RS structures for different multiplexing schemes. Based on these patterns, we provide more performance curves on DM-RS multiplexing methods.
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Figure 5 DM-RS structures for different multiplexing methods
Some simulation parameters are given in table 2, the results are shown in figure 6 and figure 7. From the figures, we can find that: at low speed with BLER=0.01, FDM-based DM-RS has 0.5dB gain; and at high speed with BLER=0.01, FDM-based DM-RS has 1.2dB gain. The performance loss is because the orthogonality of CDM-based RS is broken when UE mobility is high or the channel is very dispersive in frequency. 
In conclusion, FDM/TDM-based DM-RS is preferred in low rank transmission (rank 2) from the performance point of view and also considering that moderate and high mobility is an usual scenario for low rank transmission.
Table 2 Simulation parameters for DM-RS multiplex 
	Number of Antennae
	8×2

	Carrier Frequency
	2.0GHz

	Inter element distance at UE
	0.5lambda

	Inter element distance at eNodeB
	0.5 lambda

	system bandwidth
	5M

	Channel Model
	SCM-UrbanMacro

	Channel Coding
	Turbo code

	Number of PRB
	6

	Granularity of channel estimation
	1

	Channel estimation
	MMSE2D

	Detection algorithm
	MMSE

	Number of HARQ retransmission
	NO

	AMC
	NO

	Pilot_powerboost
	FDM（3dB） CDM （0dB）

	feedback
	perfect

	Modulation and code
	16 QAM 1/2

	speed
	3km/h  120km/h
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Figure 6 the performance of different DM-RS multiplex for normal CP
[image: image12.png]BLER

BF 8°2(0.5 0.5) UrbanMacro 160AM 172 120kmih

10 15 Eil
Es/ND(dE)




Figure 7 the performance of different DM-RS multiplex for normal CP
2.3. Pattern

Figures8 shows different patterns for rank 2 transmission. Pattern 2-1 is multiplexed on the Rel-8 UE-specific RS location, which is compatible with Rel-8 rank 1 beamforming and easily supports rank adaptation. Pattern2-2 places RS on the edge OFDM symbols of PRB. It can achieve a little performance improvement compared to pattern2-1 due to better interpolation. However, the RSs in this pattern conflicts with S-SCH of frame structure type2. It not only limits dual layers transmission but also introduces complexity on supporting rank adaptation.
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Pattern2-1                                                             Pattern2-2
Figure 8 Different patterns for 2 layers transmission
Further, performance of different patterns is investigated. Some simulation parameters are given in table 3, the results are shown in figure 9 and figure 10. From the figures, we can observe:

· When the granularity of channel estimation is 1 PRB, pattern2-2 has slight performance improvement compared to pattern2-1 due to better interpolation, especially for high speed. While the gain is marginal, about 0.2dB at moderate speed and 0.4dB at high speed.

· When the granularity of channel estimation is greater than 1 PRB, the performance improvement gap shrinks due to asymmetric RS pattern in frequency domain. When the granularity of channel estimation is 6PRB, pattern2-2 has similar performance as pattern2-1 at moderate speed, and at high speed it has about 0.2dB gain. 

Table 3 Simulation parameters for DM-RS pattern 
	Number of Antennae
	8×2

	Carrier Frequency
	2.0GHz

	Inter element distance at UE
	0.5lambda

	Inter element distance at eNodeB
	0.5 lambda

	system bandwidth
	5M

	Channel Model
	SCM-UrbanMacro

	Channel Coding
	Turbo code

	Number of PRB
	6

	Granularity of channel estimation
	1PRB / 6PRBs

	Channel estimation
	MMSE2D

	Detection algorithm
	MMSE

	Number of HARQ retransmission
	NO

	AMC
	NO

	feedback
	perfect

	Modulation and code
	16 QAM 1/2

	speed
	30km/h  120km/h
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Figure 9 Performance of different RS pattern (granularity of channel estimation is 1PRB)  
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Figure 10 Performance of different RS pattern (granularity of channel estimation is 6PRB) 
In the following table 4, we give the comparison summary for these two patterns and conclude that Pattern2-1 is preferred for dual layers transmission in terms of system complexity and performance.
Table 4 comparison between   pattern2-1 and pattern2-2
	
	Pattern2-1
	Pattern2-2

	advantage
	· No additional collision with other physical channel

· Compatible with R8

· Easy for rank adaptation

· Performance gain due to symmetric RS pattern in frequency domain
	· Performance gain due to better interpolation
· Overall, slight performance gain

	disadvantage
	·  Performance loss due to outer interpolation
· Overall, slight performance loss
	· Collision with S-SCH in frame structure type 2

· Non-compatible with R8

· Complexity for rank adaptation
· Performance loss due to asymmetric RS pattern in frequency domain


3. DM-RS design for high rank transmission
Based on the above results, some design philosophy and consideration on DM RS for low rank transmission is extended to high rank transmission.

· Overhead 
Max 24 REs for 3-8 layers transmission have been decided as overhead estimation for evaluation. Performance needs to be evaluated, including even lower overhead, such as 16RE. Moreover, in order to support rank adaptation, RS overhead should be kept consistent for different rank transmission, while RS overhead cannot be kept the same in terms of performance optimization. For example, 24REs overhead is too large for single and dual layers transmission. Therefore RS overhead should balance performance and facilitate rank adaptation. 
· Multiplexing method 

There are three multiplexing methods in DM-RS, such as CDM, FDM/TDM, hybrid of FDM/TDM/CDM. For FDM/TDM, it has better or similar performance as others. Especially for moderate to high mobility, FDM/TDM has also its own advantage. Therefore, FDM/TDM needs to be investigated further. For CDM, code length is 8 at least for different rank transmission. Anther drawback is the lack of RS overhead scalability as a function of the number of spatial layers. This leads high RS overhead for low rank transmission. Besides, performance loss incurred due to orthogonality of RS cannot maintain at moderate to high speed. Therefore, CDM-based DM-RS is not optimal selection. However, some proposals figured out that MU operation benefits from CDM as the UE has knowledge of its own code as well as potentially the other codes in use, yet it should be proved further. For hybrid of TDM/FDM/CDM, it has characteristics of both TDM/FDM and CDM. How to assemble two multiplexing methods needs to be investigated.
· Avoid collision with CRS/PDCCH/PBCH/P-SCH/S-SCH 

Based on above analysis, some examples of DM-RS are provided. Figure 11 and 12 show two examples of DM-RS for high rank transmission with overhead of 16REs and 24REs per subframe respectively. 
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Figure 11 DM-RS for high rank transmission (overhead=16)
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Figure 12 DM-RS for high rank transmission (overhead=24)
4. Conclusion
In this contribution, we further discuss overhead and multiplexing of DM-RS for low rank transmission, considering power boost and scenario of high mobility. Based on investigation on low rank transmission, some design philosophy and consideration on DM RS for high rank transmission are discussed. Our recommendations on the DL DM-RS design are listed below: 
· For low rank transmission:

· 12 REs per RB for rank 2 transmission; 

· FDM/TDM-based RS structure can provide better performance than CDM-based RS, so FDM/TDM-based RS is preferred for low rank transmission; 

· For dual layers transmission, pattern2-1 is preferred in terms of system complexity and performance.

· For high rank transmission, both FDM/TDM-based RS structure and hybrid RS structure should be investigated further in terms of overall system complexity and performance.
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