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1. Introduction
In RAN1#60 meeting, the following conclusions [1] were agreed for downlink CSI-RS:
· Full-power utilization is the design target.
· LS to RAN4 asking about the feasibility of 9 dB boosting.

· Same data RE power between a data RE in the OFDM symbol containing CSI-RS and a data RE in the OFDM symbol without CSI-RS/Rel-8 CRS is assumed within a subframe

· Resource elements (REs) of CSI-RS are configured and/or tied to system -parameters for inter-cell orthogonality, i.e, no collision between CSI-RS.

· Partial collision of CSI-RS for inter-cell randomization is not precluded.

· CSI RS pattern for {2,4,8} CSI-RS ports

· Port 0 is fully configured (subframe, OFDM symbol, frequency location) by L3 signaling and/or tied to system parameters 

· The other ports follow port0 (implicit)
In this contribution, we provide our views on intra-cell CSI-RS design for LTE-A, focusing on pattern and multiplexing method.
2. Intra-cell CSI-RS design
2.1.  CSI-RS pattern and multiplexing method
In this section, different CSI-RS patterns and multiplexing method are analyzed. To design the suitable structure for CSI-RS, except conclusions agreed in RAN1#60 meeting, the following aspects should be considered:
· Performance: CSI-RS measurement is used for channel state information feedback, such as PMI and CQI. While precision of channel state information feedback lies on two factors: CSI-RS measurement and feedback mechanism. And any feedback mechanism leads to some error between feedback information and real channel state information. Therefore, requirement for channel estimation precision is not severe. CSI-RS performance should be evaluated in terms of the system throughput with realistic feedback.
· Avoid collision: CSI-RS should not collide with the CRS, R9/R10 DRS and the control region, namely PBCH, PDCCH and SCH. However, it is not clear that whether CSI-RS placing on the same symbol where R8 DRS is located. In the case that CSI-RS is placed on the same symbol with R8 DRS, transmission mode 7 will be forbidden. This has negative impact on cell edge user. For TDD system, performance loss may be more serious since the number of downlink subframe is limited. 
· Inter-cell reuse: enough resource within one subframe could be used to support inter-cell re-use. For TDD system, CSI-RS schedule is restricted by the number of downlink subframe. In some Uplink-downlink configurations, there is not enough downlink subframes to configure CSI-RS for different cells respectively. In addition, it leads to more impact on R8 UE that CSI-RS is distributed in multi-subframe [2]. Therefore, multi-cell CSI-RSs should be located in one subframe and inter-cell reuse  within one subframe should be considered in intra-cell CSI-RS design.
· Uniform design: both normal CP and extended CP should be considered together. In order to reduce channel estimation complexity, CSI-RS normal CP and extended CP should be designed as similarly as possible.
Until the last meeting, many CSI-RS patterns [3-5] had been provided and multiplexing methods mainly were FDM, TDM and hybrid of FDM and CDM. TDM-based CSI-RS could not achieve the target of full-power utilization. FDM-based CSI-RS needs the 9dB power boosting and RAN4 is yet to respond the LS sent out. Therefore, hybrid of FDM and CDM type of patterns are focused in the investigation below.

Hybrid of FDM and CDM contains two schemes, shown in figure1.The figure at left in figure1, namely FDM+CSM, distinguishes different ports by FDM and cyclic shift of ZC sequence. CSI-RS ports 1-4 occupy the same four resource elements and are distinguished with different phases of the same ZC sequence, such as
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. CSI-RS ports 5-8 placed on another four resource elements and are multiplexed in similar manner as ports 1-4. The figure at right in figure1,  namely FDM+CDM, distinguishes different ports by FDM and orthogonal spread in time domain, CSI-RS ports 1-2 occupy the same resource elements but is configured by different orthogonal codes, such as [11], [1-1]. CSI-RS ports 3-4, ports 5-6 and ports 7-8 are located in different resource elements respectively and multiplexed in similar manner as ports 1-2. 
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FDM+CSM                                                                    FDM+CDM
Figure1 intra-cell CSI-RS pattern 
2.2. Performance
In this section, performance of above two CSI-RS patterns is evaluated. The basic transmission assumption is SU with 4 uncorrelated TX and 2 uncorrelated RX. PMI feedback with rank1, different vehicular speeds and channel models are considered. More simulation assumptions can be found in Appendix. It is noted that simulation with VB channel model adopts subframe with extended CP. 

Figure 2-4 plot the throughput curves of the above two CSI-RS patterns. It is clearly shown that, in all the cases of modulation schemes, the performance curves of these two CSI-RS patterns are very close in different speeds and channel models, even in the case of large delay spread, such as VB.
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Figure 2 CSI-RS performance in ETU (3km/h)
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Figure 3 CSI-RS performance in ETU (120km/h)
[image: image6.emf]-4 -2 0 2 4 6 8 10 12 14

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

VB 3km/h 4*2 rank1 extendedCP

Es/N0(dB)

TP(bit/s/hz) 

 

 

FDM+CDM 3dB

FDM+CSM 0dB


Figure 4 CSI-RS performance in VB (3km/h)
3. Conclusions
In this contribution, we discussed the intra-cell CSI-RS design for LTE-A downlink transmission. The observations on intra-cell CSI-RS design are as following:  
· FDM+CDM pattern and FDM+CSM pattern have similar performance.
· FDM+CSM pattern is characterized that all ports of CSI-RS are located in one symbol:
· It can avoid more collisions, especially for R8 DRS;

· It is easier to be located in subframe with extended CP.

Therefore, we propose FDM+CSM pattern is adopted for intra-cell CSI-RS design for LTE-A.
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5. Appendix
Simulation assumptions for CSI-RS pattern
	Parameter
	Value

	Carrier frequency
	2 GHz

	Transmission bandwidth
	5 MHz

	eNB antenna configuration
	4 Tx uncorrelated

	UE antenna configuration
	2 Rx uncorrelated

	Channel model
	ETU,VB

	UE velocity
	3 km/h,120km/h

	PDCCH / PDSCH configuration
	3 / 11 OFDM symbols per subframe

	Scheduling in time
	Scheduling in every downlink sub-frame

	Channel coding (PDSCH)
	Rel-8 turbo coding

	Number of allocated PRB
	4 PRB (contiguous allocation)

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

	Detector
	MMSE for rank>1, otherwise MRC

	Precoding/feedback granularity 
	4 PRB

	Transmit precoding/feedback
	4-Tx: (Samsung)
Baseline-1: codebook with effective size of 6-bit, to be selected by each company

	Transmission rank
	Rank-1 (baseline)

	Common reference signal configuration
	2 port Rel-8 CRS in every sub-frame

	CSI-RS allocation
	Full bandwidth, single sub-frame

	CSI-RS duty cycle configuration
	10 ms interval is the baseline

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

	CSI-RS reference patterns 
	FDM+CSM pattern

FDM+CDM pattern

	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

	Simulation output
	PDSCH throughput vs. SNR. 








_1331133867.vsd

_1331364683.unknown

_1325677863.vsd

