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1. Introduction
In 3GPP RAN1 meeting56, it was concluded in the way forward on CoMP and MIMO DL RS [1]. The conclusions on the UE specific RS are copied 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 [2], UE specific RS for 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 was not considered. Overhead and means of multiplex will be investigated further in this contribution in those scenarios.
In addition, some design philosophy and consideration on UE specific RS for higher order MIMO are discussed.
This contribution can be regarded as a starting point for further investigations and discussions on reference signal design for UE-specific RS for LTE-A.

2. UE-specific RS design for dual ports beamforming
2.1. RS overhead
The overhead of UE-specific RS is the one key aspect for designing UE-specific RS pattern. In [2], some cases, such as 2x6, 2x8, 2x12, have been considered. 
In this contribution, four different RS structures, as shown in Figure 1, are compared,.
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Figure 1 2-UE-specific 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, but better than pattern 1, while at high SNR, with reference to pattern 4, pattern 1,pattern 2, pattern3 respectively get approximately 7.76%，11.6%and 5.27% gain at speed of 3km/h and 3.5%,7.4% and 2.9% at speed of 30km/h . Especially, pattern 2 has better performance than pattern 1. This is because patttern1 for dual-stream is not enough to track channel. 
Table 1 Simulation parameters for UE-specific 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  

	Feedfact
	perfect
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Figure 2 the performance of different UE-specific RS patterns for normal CP (3km/h) 
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 Figure 3 the performance of different UE-specific RS patterns for normal CP (30km/h) 
Considering that dual-stream beamforming is usually used in scenarios of moderate and high SNR regions, the total of 12 UE-specific RS per subframe seems providing best tradeoff between the channel estimation performance and overhead.

2.2. Multiplexing method：FDM vs. CDM
Besides the RS overhead, the multiplexing method will also influence the performance of channel estimation. In [2], we compare FDM-based UE-specific RS with CDM-based UE-specific RS, which has the same overhead as FDM-based UE-specific RS. Two multiplex methods have the similar performance in low speed case. In this section, some new factors, such as UE-specific RS power boost and high speed case, are considered. 
In [2], FDM-based UE-specific RS has the same power as data in the same stream, which is shown in figure4 (a). However, in dual-stream beamforming of FDM-based UE-specific RS is applied. It is facilitated to adopt power boosting to increase the performance. We boost pilot UE-specific RS power by pulling the unused power of RS in other streams. Figure 4 (a) shows an example of UE-specific RS w/o power boost. Figure 4(b) has the same power assumption as CDM-based without power boost. In following sections, both schemes of power boost are considered.
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(a)  power boost （0dB）                             (b) power boost（3dB）
Figure 4 UE-specific RS power boost
Figure 5 show an example of UE-specific RS structures for different multiplex schemes. Based on these patterns, we provide more simulation on UE-specific RS multiplexing methods.
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(a)    FDM-based                                              (b) CDM-based
Figure 5 UE-specific 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: 

· For FDM-based UE-specific RS without power boost, two multiplexing methods have the similar performance in low speed case. When BLER equal 0.01, FDM-based UE-specific RS has 0.4dB gain. While the performance of CDM-based method will deteriorate if UE mobility is high or the channel is very dispersive in frequency, When BLER equal 0.01, FDM-based UE-specific RS has 1.2dB gain .This is because the orthogonality between different codes on UE-specific has been broken.

· For FDM-based UE-specific RS with power boost of 3dB, the performance of FDM based method becomes even better. FDM-based UE-specific RS has 1.4dB gain at low speed and 2.2dB gain at high speed.
· In addition, FDM-based method should be better in terms of complexity of channel estimation and flexibility of pattern design.
Table 2 Simulation parameters for DRS 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（0dB   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 UE-specific RS multiplex for normal CP
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Figure 7 the performance of different UE-specific RS multiplex for normal CP
Considering the high speed cases and power boost, FDM of different UE-specific RS is preferred. 
3. UE-specific RS design for higher order MIMO

Based on the above results, some design philosophy and consideration on UE specific RS for dual-layer is extended to higher order MIMO.

· Overhead of UE-specific RS should not only be considered in terms of throughput, but also be able to support rank adaptation.

· Multiplexing method of UE-specific RS should be considered in terms of performance in all cases and complexity of channel estimation.

· Avoid collision with CRS/PDCCH/PBCH/P-SCH/S-SCH 
In higher order MIMO modes, UE-specific RS pattern for one stream is same as port 5 in LTE Rel-8, as shown in figure 7. Figure 8 shows an example of FDM-based UE-specific RS for higher order MIMO, where overhead is 12REs per subframe. Figure 9 shows an example of CDM-based UE-specific RS for higher order MIMO, where overhead is 16REs per subframe. To be able to support 8 streams by CDM based RS, the overhead should be multiple of 8. Considering limits of overhead, we provide an example of overhead of 16REs.

[image: image13.wmf]0

=

l

even

-

numbered slots

odd

-

numbered slots

0

=

l

6

=

l

6

=

l

1

s

1

s

1

s

1

s

1

s

1

s

1

s

1

s

1

s

1

s

1

s

1

s


Figure 7 UE-specific RS pattern for one stream
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Figure 8 FDM-based UE-specific RS for higher order MIMO
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2streams                                      4 streams                                            8streams        
Figure 9 CDM-based UE-specific RS for higher order MIMO

· For smaller number of streams, FDM-based structure RS should be applied 

· For larger number of streams, the scenario of low speed is more practical, in which the orthogonality between different codes of CDM-based UE-specific RS could be kept. CDM based RS has better performance than FDM based RS due to increase in SNR of pilot signals. However, the scenario of high SNR is also common, in which the gain from increased SNR of pilot should be small. Otherwise, CDM-based UE-specific RS is more complicated than FDM-based UE-specific RS in channel estimation. Therefore, both of multiplexing schemes should be investigated further for larger number of streams.
4. Conclusion
In this contribution, we further discuss overhead and multiplexing of UE-specific RS for smaller number of streams, considering power boost and scenario of high mobility. Based on investigation on smaller number of stream, some design philosophy and consideration on UE specific RS for larger number of stream are discussed Our recommendations on the DL RS design based on the discussions in this contribution are listed below: 
· Considering backward compatibility and performance, a DRS pattern with 12 resource elements per subframe for high order MIMO is adopted.

·  For smaller number of streams, FDM-based RS structure could provide better or similar performance as CDM-based RS. When FDM-base RS structure has the same power consumptions as CDM-based RS, performance of FDM-based RS can be improved further.
· For lager number of streams, both FDM-based RS structure and CDM-based RS structure should be investigated.
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