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1 Introduction
CSI-RS can be used for CSI estimation to support multiple LTE-Advanced features, e.g. single-cell MIMO and CoMP. CSI-RS should be cell specific, and is agreed to be much sparser in frequency-time domain than DMRS when punctured into the data region of normal/MBSFN subframe [1].

In this contribution, we discuss and present our views on CSI-RS design for LTE-A.
2 Basic consideration on CSI design
2.1 The role of LTE Rel-8 CRS as CSI-RS for LTE-A
In RAN1#57, further progress is made from the agreement of no mixed use of Rel-8 CRS and Rel-10 CSI RS for a configured Rel-10 CSI measurement in UE in a given cell (for all possible number of antenna ports in the cell) [2]. Although mixed use of Rel-8 CRS and Rel-10 CSI RS has not been precluded, we consider the agreement on no mixed use as the current working assumption. 
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· For 
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=4 or 8, the role of R8 CRS as CSI-RS should allow the antenna virtualization on CRS that can be adopted to reduce CRS overhead dramatically without performance penalty, in other words, 
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 ports according to agreement of no-mixed RS types [2]. Even though 
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 may allow R8 CRS as CSI-RS, doing so may introduce two different CSI-RS patterns (newly-designed CSI-RS for 
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) and therefore requires relatively more complicated implementation hardware as well more signaling overhead (not only 
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) to inform UE of CSI-RS configuration for each non-serving cell in the CoMP measurement set. So, R10 CSI-RS is used on all 
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· For 
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, even with antenna virtualization, 
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 suffers not only worse performance on PDSCH for R8 UE but also worse performance on PBCH/PDCCH/PHICH for both R8 and R10 UE. Therefore, we should only consider 
[image: image18.wmf]ANT

CRS

N

N

=

 for 
[image: image19.wmf]{

}

2

,

1

Î

ANT

N

, which allows reuse of R8 CRS as CSI-RS. 
Proposal-1: The role of R8 CRS as CSI-RS is given in Table 1.
	
	No. antenna ports = 1
	No. antenna ports = 2
	No. antenna ports = 4
	No. antenna ports = 8

	NR8 CRS = 1
	1 Rel-8 CRS
	-
	-
	-

	NR8 CRS = 2
	-
	2 Rel-8 CRS
	4 Rel-8 CSI RS
	8 Rel-10 CSI RS

	NR8 CRS = 4
	-
	-
	4 Rel-8 CSI RS
	8 Rel-10 CSI RS


Table 1 Role of R8 CRS as CSI-RS
2.2 CSI-RS transmission region
For backward compatibility, CSI-RS transmission should not break into SCH/PBCH/PDCCH region as well as the CRS/URS symbols. 
Proposal-2: The indices of symbols per subframe that can carry CSI-RS would belong to {5-th symbol in even-numbered slot, (
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2.3  CSI-RS time period
The transmission of CSI-RS within MBSFN subframe could avoid the performance impact to R8 UE, however, the number of configured MBSFN subframe for CSI-RS transmission should be limited. Therefore, we recommend CSI-RS belonging to one port are transmitted in single subframe per CSI-RS cycle. They are not transmitted in consecutive subframes.
In order to support different CSI-RS measurement cycle as well as to support the CSI-RS transmission within MBSFN subframe whose transmission cycle is in unit of radio frame, CSI-RS transmission cycle per cell can be chosen from 5ms and integer multiple of 10ms. Any cycle less than 5ms may need too many subfames that cannot be configured as MBSFN subframe so that performance impact to R8 UE would be an issue again. On the other hand, any cycle longer than 20ms may not provide sufficient CSI-RS measurement for all UE’s some of which may have high speed. 
Proposal-3: CSI-RS transmission cycle per cell can be {5, 10, 20} ms. CSI-RS belonging to one port are transmitted in single subframe per CSI-RS cycle.
2.4 CSI-RS frequency density
Because CSI-RS can be transmitted within MBSFN-based PDSCH region, the impact to R8 PDSCH performance is not a high-priority factor in consideration of CSI-RS density per RB. 
To ensure unified channel estimation and interpolation function as well as balanced channel measurement capability, CSI-RS pattern per port should be uniformly repeated in wideband. Such repeated CSI-RS pattern can contain one CSI-RE RE, or multiple adjacent or non-adjacent CSI-RS RE’s.

Given the CSI-RS overhead per port cannot exceed 1/840, the product of CSI-RS subcarrier spacing and time cycle in unit of subframe should be no smaller than 60. Considering the CSI-RS period in Proposal-3 on up to 8 ports, we propose that frequency spacing per port should be limited to {6, 8, 12, 16, 24} sub-carriers.
Proposal-4: CSI-RS should be uniform over wideband. The choices on frequency spacing per port should be limited to {6, 8, 12, 16, 24} sub-carriers. 
2.5 CSI-RS design considering CoMP 

In order to measure accurate channel information from each CoMP cell, UE should know location and period of CSI-RS from each CoMP cell.  To assure fair channel measurement of each CoMP cell, CSI-RS should be orthogonal between any two cooperative cells, for example the frequency and time location of CSI-RS RE’s from adjacent cells should be staggered. Because it is relatively difficult to multiplexing CSI-RS from multiple cells over frequency domain and over symbols per single subframe, subframe-based TDM is an obvious option to implement the multiplexing of CSI-RS in CoMP measurement cells due to configurable long CSI-RS cycle.  
Proposal-5: The CSI-RS multiplexing among cells (in CoMP mode) should contain subframe-based TDM as baseline.
3. CSI-RS pattern

Based on above analysis, we study four CSI-RS patterns over 8 antenna ports, where CSI-RS per port consumes one RE for every 24 subcarriers in pattern 1, every 12 subcarriers in pattern 2, every 8 subcarriers in pattern 3, and every 6 subcarriers in pattern 4. Figure 1 shows the design example of these four CSI-RS patterns. 
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Figure 1 Four CSI-RS patterns
4. Simulation Results for CSI-RS pattern

In this section we provide link-level and system-level simulation results for the four CSI-RS patterns given in previous section. 
First we compare MSE of CSI-RS channel estimation in link simulation. The simulation parameters are listed in Table 2. The simulation result in Figure 2 shows the reasonable trend -- the MSE decreases as CSI-RS frequency density increases. 
	Number of Antenna
	8×2

	Carrier Frequency
	2.0GHZ

	Inter element distance at UE
	0.5 lambda

	Inter element distance at eNodeB
	10 lambda

	system bandwidth
	10MHz

	Channel Model
	ITU Urban Macro_NLOS

	UE Speed
	30km/h

	Channel Estimation
	LS

	Interpolation
	2D-MMSE


Table 2 Simulation parameters for CSI-RS MSE
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Figure 2 MSE for four CSI-RS patterns
For the system-level simulation, the simulation parameters are listed in Table 3. The transmission mode is adaptive SU-MIMO up to rank 2 with Ri feedback. Ri is calculated based on averaging channel estimation on CSI-RS and is feedback in each subband. The UE throughput curves for each CSI-RS pattern along with the one based on ideal subband Ri feedback are shown in Figure 3, and indicate that CSI-RS patterns with no more than 12 subcarrier-spacing have no obvious performance difference. The sector throughputs counting CSI-RS overhead are computed in Table 4, which shows pattern 2 has better performance than other CSI-RS patterns.
	System BandWidth:
	10.0(MHz)

	Deployment configuration
	Drop 10 UE in each of 18 sector,

	ISD   
	500(m)  

	Channel Model
	3GPP Case 1 with 2D antenna pattern per TR36.814

	Schedule Module
	Proportional fair and frequency selective scheduling;

Scheduling granularity of one subframe

	Transmission Mode
	SU-MIMO with Ri feedback

	Feedback 
	Ri Feedback of subband
Reporting period: 10 ms ;

Delay: 3 ms

	eNB antenna number
	8, ULA, 0.5 lambda

	UE antenna number
	2, ULA, 0.5 lambda

	Duplex method 
	FDD

	Link adaptation
	Real CQI

	Traffic Model
	Full Buffer


Table 3 Simulation parameters for CSI-RS system-level simulation
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Figure 3 UE Throughput for 4 CSI-RS pattern
	
	Pattern 1
	Pattern 2
	Pattern 3
	Pattern 4

	Sector Throughput considering 
CSI-RS overhead   (Mbps)
	15.8994
	19.8243
	19.6255
	19.3506




Table 4 Sector Throughput counting CSI-RS overhead

5. Conclusions
In this contribution we discuss the CSI-RS design and propose:
· Rel-8 CRS is used for CSI measurement when number of total antenna ports is 1 or 2; new CSI-RS is defined for CSI measurement when number of total antenna ports is 4 or 8.
· CSI-RS transmission cycle per cell can be {5, 10, 20} ms; CSI-RS per port are transmitted in single subframe per CSI-RS cycle; the symbols to carry CSI-RS in one subframe can be chosen from {5, (
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)}; the CSI-RS multiplexing among cells (in CoMP mode) should contain subframe-based TDM as baseline.
· CSI-RS should be uniformly distributed over wideband. The choices on frequency spacing per port should be limited to {6, 8, 12, 16, 24} sub-carriers. However, further simulations show subcarrier spacing of 24 may suffer performance loss, and the different subcarrier spacings of no more than 12 have small performance differentiation. 
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