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1. Introduction
In RAN1#61 meeting, the following conclusions [1] were agreed for downlink CSI-RS:
· CSI RS port multiplexing is based on CDM for each pair of CSI RS port

· Avoidance of port 5 of the same cell should be addressed.
· A nested structure among 2, 4, 8 CSI-RS ports simplifies the implementation

· The pattern with smaller number of CSI-RS port is a subset of the pattern with larger number of CSI-RS port

· Study a single and multiple patterns in terms of achievable reuse factor and signaling overhead.
· A time-invariant time/frequency shift is used in a cell
· Each company is encouraged to bring pattern proposals for normal and extended CPs, and for FDD and TDD

In this contribution, we provide our views on remaining issues of CSI-RS design for LTE-A, focusing on subframe configuration and pattern.
2.  CSI-RS design
2.1. Subframe configuration in FDD and TDD system

So far, periodic CSI-RS transmission is the consensus for the CSI-RS design. However, the topic about whether CSI-RS transmission is in single subframe or multiple subframes is still under discussion. On one hand, resource within one subframe is enough to support inter-cell re-use. On the other hand, to distribute CSI-RS in multiple subframes will lead to more impact on R8 UE [2]. Therefore, 
· Multi-cell CSI-RSs should be located in one subframe. 

In order to avoid collision with PBCH, SSCH and PSCH, some companies proposed that CSI-RS should not be located in subframe 0 and subframe 5. However, for TDD system, DL subframes in some uplink-downlink configurations are scarce. Table 1 shows the number of available CSI-RS subframe for different UL/DL configurations. If both subframe 0 and subframe 5 are excluded, there is no available CSI-RS subframe in configuration 0 and there is only one available CSI-RS subframe in configuration 6, which limits CSI-RS periodicity. 
Table 1: The number of available CSI-RS subframe for different UL/DL configurations 
	UL/DL configuration
	number of available CSI-RS subframe

	
	without subframe 0 and 5
	with subframe 0
	with subframe 0 and 5 

	0
	0
	1
	2

	1
	2
	3
	4

	2
	4
	5
	6

	3
	4
	5
	6

	4
	5
	6
	7

	5
	6
	7
	8

	6
	1
	2
	3


Resource allocation in subframe 0 and subframe 5 within central 6 PRBs for TDD system are shown in Figure 1 and Figure 2. Comparing with normal subframe, there are a few available resource elements in subframe 0. Although remaining available resource elements are difficult to support enough reuse factors, they still could transmit at least one-cell CSI-RS (8 ports), shown in Figure 1. Comparing with subframe 0, subframe 5 just uses central 72 subcarries of one symbol to transmit synchronization signal and there are enough resource elements to transmit CSI-RS, shown in Figure2. Therefore, 
·  For TDD system, subframe 0 and subframe 5 could be considered for CSI-RS transmission.
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Figure 1: Resource allocation in subframe 0 within central 6 PRB
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Figure 2: Resource allocation in subframe 5 within central 6 PRB
2.2.  CSI-RS pattern 
In this section, different CSI-RS patterns and multiplexing methods are analyzed. To design a suitable structure for CSI-RS, the following aspects should be considered:
· Reuse factor: the more reuse factor, the less collision between CSI-RS. However, when reuse factor reaches one specific value, the remaining collision on CSI-RS could be neglected and larger reuse factor could not introduce significant performance gain. Therefore, 
· For 8 ports CSI-RS, reuse factor of 3 is reasonable; for 4 and 2 ports CSI-RS, larger reuse factor could be considered.
· Uniform design: in order to reduce complexity of signal design and channel estimation, CSI-RS pattern and reuse factor for normal CP and extended CP should be same. In addition, for TDD system, a nested structure among normal subframe and subframe 0 and 5 should be satisfied. Therefore, 
· To simplify the implementation, a uniform design for normal CP and extended CP and a nested structure for normal subframe and subframe 0 and 5 are desired.
· Avoid collision: CSI-RS should not collide with the CRS, R9/R10 DMRS and the control region, namely PBCH, PDCCH and SCH. However, collision with port 5 is still an open issue. On one hand, to avoid collision with port 5 will restrict CSI-RS design, such as optimized pattern and reuse factor. On the other hand, collision with port 5 will impact performance of channel estimation. Therefore, 
· Performance of transmission mode 7 should be further investigated when the DRS RE/s is/are punctured by CSI-RS
Until the last meeting, following conclusion on CSI-RS port multiplexing has been drawn: CSI-RS port multiplexing is based on CDM for each pair of CSI-RS port. The prevalent scheme contains hybrid of FDM and CDMT and hybrid of FDM and CDMF, shown in Figure 3. The figure at left in Figure 3, namely FDM+CDMT, each pair of CSI-RS port is distinguished by orthogonal spread in time domain. The figure at right in Figure 3, namely FDM+CDMF, each pair of CSI-RS port is distinguished by orthogonal spread in frequency domain. 
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Figure3: Intra-cell CSI-RS pattern (normal CP)
The characteristics of the above two schemes are listed in the Table 2.
Table 2: Characteristics of FDM+CDMT pattern and FDM+CDMF pattern
	
	FDM+CDMT
	FDM+CDMF

	Reuse factor ( 8 ports)
	· For normal subframe, both normal CP and extended CP could support at least reuse factor of 3.
· For subframe 0, normal CP could support reuse factor of 1 and extended CP could support reuse factor of 2.
· For subframe 5,normal CP could support reuse factor of 3 and extended CP could support reuse factor of 2
	· For normal subframe, both normal CP and extended CP could support reuse factor of at least 3.

· For subframe 0, normal CP could support reuse factor of at least 1 and extended CP could support reuse factor of 3.
· For subframe 5, both normal CP and extended CP could support reuse factor of a 3.

	Uniform design
	· a uniform design for normal CP and extended CP and a nested structure among normal subframe and special subframe
	· a uniform design for normal CP and extended CP and a nested structure among normal subframe and special subframe


FDM+CDMT and FDM+CDMF have similar characteristics in some aspects but FDM+CDMF provides larger reuse factor in subframe 0 and subframe 5, which is important in TDD system. Therefore, 
· FDM+CDMF pattern for CSI-RS in LTE-A is a better choice. And detailed pattern are shown in Figure4, Figure 5 and Figure 6.
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Figure4 CSI-RS pattern for LTE-A
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Figure5 CSI-RS pattern with collision of 1 Rel-8 DRS RE punctured
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Figure6 CSI-RS pattern with collision of 2 Rel-8 DRS REs 
3. Conclusions
In this contribution, we discuss the CSI-RS design for LTE-A downlink transmission. The observations on CSI-RS design are as following:  
· Subframe configuration in FDD and TDD system: 
· Multi-cell CSI-RSs should be located in one subframe. 

· For TDD system, subframe 0 and subframe 5 could be considered for CSI-RS transmission.

· CSI-RS pattern:
· For 8 ports CSI-RS, 3 of reuse factor is reasonable; for 4 and 2 ports CSI-RS, larger reuse factor could be considered.
· To simplify the implementation, a uniform design for normal CP and extended CP and a nested structure for normal subframe and subframe 0 and 5 are desired.

· Performance of transmission mode 7 should be further investigated when the DRS RE/s is/are punctured by CSI-RS
Based on above design principle, FDM+CDMF pattern for CSI-RS in LTE-A is our preferred.
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