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1. Introduction
The UE-specific reference symbol (RS) overhead for dual-layer beamforming has been agreed which amounts to a total of 12 resource elements for 1-2 layers transmission. Rank 1 and rank 2 transmission with the same set of RE has also been decided. Whether rank1/2 pattern in R9 is the same as that in R8 is still an open issue. A clean and unified UE-specific RS pattern for dual-layer beamforming is desirable. 
In this contribution we further narrow down the UE-specific RS pattern for dual-layer beamforming by analyzing associated trade-offs and also provide UE-specific RS design in special subframe for TDD.
2. Discussion
In this section, different UE-specific RS patterns are analyzed for dual-layer beamforming. To design the suitable structure for UE-specific RS, the following aspects should be considered:
· Compatibility: UE-specific RS should be considered across R8, R9 and R10. In order to design unified system, UE-specific RS pattern in R10 should be an extension of that in R9 and back-compatibility should also be considered in R9.
· To guarantee performance of TDD system, UE-specific RS design in special subframe should be considered together with that in normal subframe.
· Avoiding collision: the UE-specific RS should not collide with the common reference signal (CRS) for legacy system and the control region, namely PBCH, PDCCH and SCH, as shown in figure1. Given the cell dependent frequency shifting of the legacy CRS, avoiding the RS symbols completely may be required for cooperative multipoint transmission schemes. Therefore, UE-specific RS patterns should be only allocated on non-CRS OFDM symbols. Furthermore, the patterns considered here are designed assuming the maximum of 3 OFDM symbols in control region. Therefore, for normal CP configuration, UE-specific RS will be placed on symbols 3 and 12. 
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Figure1 CRS and control region 

· Performance: The channel estimation performance of the UE-RS patterns can be impacted by the location of the RS. Generally, it is observed that placement of the RS on the edges of the RB yields the better performance.  
· Easy channel estimation: minimized number of RS and channel estimator configurations. 
In the following, we study different UE-specific RS structures for dual layer beamforming. UE-specific RS structures are defined across the sub-frame and are based on different multiplexing structures such as CDM and FDM. In the FDM design each layer is assigned a set of REs specific to this layer. In the CDM design, each layer of each UE is assigned a spreading sequence. The RS for each layer is spread using its assigned spreading sequence over a set of REs shared by other layers. The spreading sequence assigned to these set of layers should be orthogonal to minimize the cross-talk. 
2.1. UE-specific RS structure for dual-layer beamforming
Figure 2 shows the different patterns for dual-layer beamforming. Pattern P1-1/P1-2 is similar to R8 UE-specific RS. Patterns P2-1/P2-2 and P3-1/P3-2 try to place the RS tones near the edge OFDM symbols. Pattern P4-1/P4-2 applies CDM multiplexing.

[image: image3.emf]0



l

0

R

0

R

0

R

0

R

6



l 0



l

0

R

0

R

0

R

0

R

6



l

1

R

1

R

1

R

1

R

1

R

1

R

1

R

1

R

5

R

5

R

5

R

5

R

5

R

5

R

5

R

5

R

5

R

5

R

5

R

5

R

0



l

0

R

0

R

0

R

0

R

6



l 0



l

0

R

0

R

0

R

0

R

6



l

1

R

1

R

1

R

1

R

1

R

1

R

1

R

1

R

5

R

5

R

5

R

5

R

5

R

5

R

6

R

6

R

6

R

6

R

6

R

6

R

0



l

0

R

0

R

0

R

0

R

6



l 0



l

0

R

0

R

0

R

0

R

6



l

1

R

1

R

1

R

1

R

1

R

1

R

1

R

1

R

5

R

5

R

5

R

5

R

5

R

5

R

5

R

5

R

5

R

5

R

5

R

5

R

0



l

0

R

0

R

0

R

0

R

6



l 0



l

0

R

0

R

0

R

0

R

6



l

1

R

1

R

1

R

1

R

1

R

1

R

1

R

1

R

5

R

5

R

5

R

5

R

5

R

5

R

0

l

0

R

0

R

0

R

0

R

6

l

0

l

0

R

0

R

0

R

0

R

6

l

1

R

1

R

1

R

1

R

1

R

1

R

1

R

1

R

6

R

6

R

6

R

6

R

6

R

6

R

5

R

5

R

5

R

5

R

5

R

5

R

0



l

0

R

0

R

0

R

0

R

6



l 0



l

0

R

0

R

0

R

0

R

6



l

1

R

1

R

1

R

1

R

1

R

1

R

1

R

1

R

5

R

5

R

5

R

5

R

5

R

5

R

5

R

5

R

5

R

5

R

5

R

5

R

P1-1 P2-1 P3-1

P1-2

P2-2 P3-2

0



l

0

R

0

R

0

R

0

R

6



l 0



l

0

R

0

R

0

R

0

R

6



l

1

R

1

R

1

R

1

R

1

R

1

R

1

R

1

R

5

R

5

R

5

R

5

R

5

R

5

R

5

R

5

R

5

R

5

R

5

R

5

R

                       [1 1]/[1-1]          [1 1]/[1-1]

0



l

0

R

0

R

0

R

0

R

6



l 0



l

0

R

0

R

0

R

0

R

6



l

1

R

1

R

1

R

1

R

1

R

1

R

1

R

1

R

P4-1

P4-2

6

R

6

R

6

R

6

R

6

R

6

R


Figure 2: UE-specific RS patterns for dual-layer beamforming
In the following table 1, we give the comparison summary for these four patterns. Since it is easy for any pattern to be extend to support more ranks, forward compatibility is not referred to in Table 1.  
Table 1: Comparison of different patterns for dual-layer beamforming
	
	Advantage
	Disadvantage

	Pattern  P1-1/P1-2
	· Compatible with R8
· Performance gain due to symmetric RS pattern in frequency domain
	· Collision with PBCH for TDD, and PBCH/SCH for FDD
· Performance loss due to outer interpolation

	Pattern  P2-1/P2-2
	· No collision

· Easy design in special subframe

· Performance gain due to better interpolation
· Performance gain due to symmetric RS pattern in frequency domain
· Less channel estimator configurations 
	· Non-compatible with R8

	Pattern  P3-1/P3-2
	· Performance gain due to better interpolation
	· Non-compatible with R8
· Collision with S-SCH for TDD
· Performance loss due to asymmetric RS pattern in frequency domain
· More channel estimator configurations 

	Pattern  P4-1/P4-2
	· Performance gain due to better interpolation
· transparent multi-user operation
· facilitating the interference estimation
	· Non-compatible with R8
· Collision with PBCH for TDD,SCH for FDD

· Performance loss due to asymmetric RS pattern
· Performance loss due to loss of orthogonality in high speed


From Table 1, it can be concluded that: 

· Pattern P1-1/P1-2 has better back-compatibility, which makes system unified and reduces system complexity. This is our current preference.

· Pattern P2-1/P2-2 avoids collision and has better performance. It could be investigated further.
2.2. UE-specific RS design for DwPTS
UE-specific RS design should be considered in both normal and special subframe. In this section, UE-specific RS structure in special subframe is discussed.

DwPTS duration is different from normal subframe and can be configured to contain 3, 9, 10, 11, or 12 symbols. For the case of 3 symbols, UE-specific RS is not required since there is only PDCCH and P-SCH in DwPTS. For other cases, UE-specific RS is necessary, some schemes are discussed in the following:

Scheme 1: parts of Rel-8 UE-specific RS in normal subframe
Parts of UE-specific RS is reserved along with the configuration of special subframe. Channel estimation can be done through these residual UE-specific RS. This scheme does not need to specifically define UE-specific RS for DwPTS. On the other hand, it may increase the number of channel estimator configurations due to variable UE-specific RS patterns for different special subframe configurations. In addition, even experience performance will loss due to less overhead and interpolation scarcity.

Scheme 2: new UE-specific RS

Considering performance and complexity, new UE-specific RS for DwPTS needs to be defined. Figure 3 shows an example of UE-specific RS pattern in special subframe. RS pattern is similar as the normal subframe and does not vary to different special subframe configurations. 
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Figure 3: UE-specific RS structure in special subframe
3. Evaluation results
In section 2, we showed different patterns for rank 1/2 transmission and analyze the associated tradeoffs. Performance of those patterns is investigated in this section.
Since CDM-based patterns may lose orthogonality in high speed scenarios or in frequency selective channels, its performance shall degrade [6] [7]. Therefore, in the following, only Pattern 1-2, Pattern 2-2 and Pattern 3-2 are simulated. Some simulation parameters are given in Table 2, while the results are shown in Figure 4 and Figure 5. We can observe:

· When the granularity of channel estimation is 1 PRB, pattern 3-2 has slight performance improvement compared to pattern 2-2 and pattern 1-2 due to better interpolation, especially for high speed. The gain is marginal at moderate speed. Pattern 3-2 has the same performance as pattern 2-2 and obtains about 0.2dB gain compared pattern 1-2 at moderate speed.

· When the granularity of channel estimation is bigger than 1 PRB, the performance improvement of Pattern 3-2 reduces due to asymmetric RS pattern in the frequency domain. When the granularity of channel estimation is 6 PRBs, pattern 2-2 and pattern 3-2 achieve similar performance. Compared with pattern1-2, Pattern 2-2/3-2 has about 0.1dB gain at low speed and 0.4dB gain at high speed, respectively.
Table 2: Simulation parameters for DM-RS pattern

	Number of antennas
	8×2

	Carrier frequency
	2.0 GHz

	UE antenna element spacing
	0.5lambda

	eNodeB antenna element spacing
	0.5 lambda

	System bandwidth
	5 MHz

	Channel model
	SCM-Urban Macro

	Channel coding
	Turbo code

	Number of PRBs
	6

	Granularity of channel estimation
	1PRB / 6PRBs

	Channel estimation
	MMSE2D

	Detection algorithm
	MMSE

	HARQ retransmissions
	No

	AMC
	No

	Modulation and code
	16 QAM 1/2

	UE Speed
	30km/h  120km/h
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Figure 4: Performance of different RS patterns (granularity of channel estimation is 1 PRB)  
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Figure 5: Performance of different RS patterns (granularity of channel estimation is 6 PRBs) 
4. Conclusions
In this contribution, we compare different UE-specific RS patterns for dual-layer beamforming. In addition, the design of UE-specific RS pattern in special subframe is discussed. Our recommendations on UE-specific RS for dual-layer beamforming are:
· Pattern P1-1/P1-2 has better backward compatibility, which provides a unified system design and reduces complexity.
· Pattern P2-1/P2-2 avoids collision and has better performance. It could be investigated further.
· New UE-specific RS pattern in special subframe shall be considered.
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