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1 Introduction
In RAN1#60 meeting, we agreed that for CSI-RS, full power utilization is the design target, and an LS has been sent to RAN4 asking about the feasibility of 9dB power boosting, which is necessary for FDM pattern with eight transmit antennas. In RAN1#60bis meeting, agreement is that we should focus on the following main problems:
· Reuse factor per subframe for 2,4,8 ports

· Available resource elements for CSI-RS location

· Necessary signalling

· Pattern

In this contribution, regarding above problems, we provide detailed analysis of different patterns and give our views on this issue of intra cell CSI-RS design.
2 Available REs for CSI-RS location
CSI-RS should avoid the following RE location:
· CRS symbols: It has been agreed that CSI-RS should avoid Rel-8 CRS (4 CRS ports for 8 CSI-RS design), and for possible collision with CRS of neighboring cells, CRS symbols should also be avoided.
· The first 3 or 4 OFDM symbols used as PDCCH: It has already been agreed in RAN1#59 meeting that CSI-RS mapping pattern design should avoid 1-3rd OFDM symbol used as PDCCH, and at the same time the 4th OFDM symbol should also be avoided when system bandwidth is 1.4MHz.
· Rel9/10 DM RS REs location: CSI-RS REs location should avoid DM RS REs location, but because the location of DM RS REs are fixed regardless of different cells, other location of DM RS symbols could also be used as CSI-RS.

· Rel8 DRS: if CSI-RS REs location collide with DRS symbols, transmission mode 7 will be limited, and the performance will also be reduced especially in TDD system, so it’s better to avoid Rel-8 DRS symbols.
· Subframes carrying PBCH, synchronization signal and paging channel in both TDD and FDD system (subframes{0,4,5,9} for FDD and subframes{0,1,5,6}for TDD), special subframe in TDD system: To promise the reliability of system, subframes that include PBCH, synchronous signals and paging within a radio frame should be excluded from the CSI-RS subframe set. Special subframe in TDD is difficult to be configured as CSI-RS subframe because of different GP configurations.
3 Pattern
There are mainly three CSI-RS design patterns:

1. FDM patterns: when one REs is used as CSI-RS of one antenna port, the same location of the other antenna ports must be muted, to get full use of power of one OFDM symbol, 9dB power boosting is needed, an LS to RAN4 has been sent out. 
2. CDM+FDM: two OFDM symbols are used, and each two REs are code division multiplexed to get channel estimation of two ports, port 0-1, port 2-3, port 4-5 and port 6-7 are frequency division multiplexed. The main disadvantage of this pattern is that collision will happen with R8 DRS symbols. 
3. CSM+FDM: one OFDM symbol is used and each 4 REs are used to get channel information of 4 ports (e.g. port0-3 or port4-8 ) by using cyclic shift of same ZC sequence, and CSI-RS of port 0-3 and port 4-7 are frequency division multiplexed. 
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c) CSM+FDM
Figure1. Intra cell 8 Tx CSI-RS patterns a) FDM b)CDM+FDM c)CSM+FDM

The following sections give analysis from reuse factors and simulation results of these three different patterns.
4 Power boosting and reuse factor per subframe for 2,4,8 ports

There are two schemes to support inter cell reuse:
Option1: different CSI-RS REs location of neighbour cells are configured within one subframe 
Option2: CSI-RS of neighbour cells are located in different subframes

For the second option, if RE muting is used to get more accurate channel estimation of neighbour cells, it may have more impact to Rel 8 UEs. Another problem is that limited downlink subframes can be used to configure CSI-RS considering above available CSI-RS RE locations, e.g. in DL/UL configuration equals to 2/3, there is limited reuse factor if option 2 is adopted.
So we propose to have enough reuse factors in one subframe. Similar as CRS reuse factor, it would be sufficient for CSI-RS to have reuse factor of 3, since the number of cooperation cells of intra site CoMP is 3, different cell clusters could be differentiated by allocating CSI-RS in different subframes.
The power boosting value and reuse factor value of three patterns are given below, as shown in table1.

FDM: for 2 Tx, power boosting is 3dB, and reuse factor is 6, for 4 Tx, power boosting is 6dB and reuse factor is 3, for 8Tx, power boosting is 9dB, and the reuse factor is 1, to satisfy the reuse factor of 3, R8 DRS collision and the 4th OFDM symbol could be used as CSI-RS, and reuse factor is extended to 3.

CDM+FDM: for 2 Tx, power boosting is 0 dB, and reuse factor is 24, for 4 Tx, power boosting is 3dB and reuse factor is 10, for 8Tx, power boosting is 6dB, and the reuse factor is 5.

CSM+FDM: for 2 Tx, power boosting is 0 dB, and reuse factor is 6, for 4 Tx, power boosting is 0 dB and reuse factor is 3, for 8Tx, power boosting is 3dB, and the reuse factor is 1, similar as FDM pattern, to satisfy the reuse factor of 3, R8 DRS collision and the 4th OFDM symbol could be used as CSI-RS, and reuse factor is extended to 3.

	
	power boosting(dB)
	Reuse factor

	
	2Tx
	4Tx
	8Tx
	2Tx
	4Tx
	8Tx

	FDM
	3
	6
	9
	6
	3
	1 and 3 by using DRS symbols

	CDM+FDM
	0
	3
	6
	24
	12
	5

	CSM+FDM
	0
	0
	3
	6
	3
	1 and 3 by using DRS symbols


Table1 power boosting values and reuse factor values of three patterns
5 Simulation results
CSI-RS measurement is used for channel state information feedback, such as PMI and CQI. Simulation results are provided considering different patterns, the simulation assumption is shown in appendix, real channel estimation based on CSI-RS is used to get precoding matrix. Similar performance is shown among three patterns since the density of CSI-RS is only one RE/port/PRB, considering together with the available CSI-RS RE location and reuse factor, we prefer to adopt CSM+FDM or FDM (if 9dB boosting can be used).
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Figure2. Intra cell 8Tx CSI-RS performance for different patterns
6 Conclusions
In this paper, we provided our views on several different aspects related to CSI-RS. The key proposals in this document are summarized below:

· It’s better to avoid Rel 8 DRS symbols as much as possible when designing CSI-RS.
· From the simulation results, there is little difference among three different patterns.
· It’s better to use one subframe to support inter cell reuse, and reuse factor of 3 is preferred.
· According to the REs available for CSI-RS location and reuse factors, it’s better to adopt CSM+FDM or FDM pattern (if 9dB power boosting can be used), for better collision avoidance with R8 DRS at least in 2 Tx and 4 Tx. When 8 Tx is adopted, collision with R8 DRS could be ignored to get reuse factor of 3.
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Appendix 1 – Simulation assumptions

	Parameter description
	Value / Comment

	Carrier frequency
	2 GHz

	Transmission bandwidth
	5 MHz

	Channel model
	3GPP-TU

	UE velocity
	3 km/h

	Number of allocated PRB
	4 PRB (contiguous allocation)

	MCS, HARQ & link adaptation
	Separate MCS (QPSK-1/2, 16QAM-1/2, 64QAM-1/2), no HARQ, no link adaptation

	Precoding/feedback granularity 
	2 PRB

	Transmission rank
	Rank-1 

	CSI-RS duty cycle configuration
	10 ms interval.

	CQI/PMI reporting delay modeling
	Minimum delay of five subframes between time of computation at UE and use for precoding at eNodeB 

	Channel estimation for CQI/PMI selection
	Channel estimation over CSI-RS for CQI/PMI selection

	Channel estimation for demodulation
	Ideal channel estimation over DM-RS
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