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1. Introduction

In RAN1 #59bis meeting, the density of CSI-RS had been decided as follow [1]:
CSI-RS density: 1 RE per port per PRB for 2, 4, and 8 ports
In this contribution, we further discuss intra cell CSI-RS design, comprising CSI-RS pattern and CSI-RS multiplexing. Then, aspects of the multi-cell CSI-RS multiplexing are analyzed. Finally, some proposals on the CSI-RS design for LTE-A are given.

2. Intra cell CSI-RS design

2.1. CSI-RS pattern
It seems the common consensus that CSI-RS should not be positioned in the OFDM symbols where the Rel-8 CRS and PDCCH are located. However, whether CSI-RS should avoid the OFDM symbols where the Rel-9/10 DMRS locates or not, still raises much controversy. Some analysis is provided in [2]. One of the problems is negative impact of Rel-9/10 DM-RS power reduction and imbalance. Due to the power boosting of CSI-RS, the power of Rel-9/10 DM-RS will be decreased, which may incur performance degradation especially for high rank transmission. Moreover, the imbalance of power between the RE pairs of Rel-9/10 DM-RS based on CDM-T will add demodulation complexity and cause significant negative impact on OCC. Some evaluations are shown in figure 1. Simulation parameters are listed in appendix 1. 
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Figure 1 impact of DM-RS power reduction and imbalance
CSI-RS boosting is defined as the ratio of CSI-RS EPRE to PDSCH EPRE in the OFDM symbol with CSI-RS.

· CSI-RS boost 3dB: CSI-RS borrow the power just from punctured RE. Data and DMRS EPRE maintain the same as data EPRE in other OFDM symbols.

· CSI-RS boost 6dB and 9dB: CSI-RS borrow the power equally from punctured RE, data and DMRS RE .Data and DMRS EPRE is less than data EPRE in other OFDM symbols.
Observations:
· As CSI-RS power boosting increases, DM-RS power decreases and demodulation performance reduces. When CSI-RS power boost equals 9dB, throughput loss is about 15.8%. 
In addition, TDM-based CSI-RS results in partial use of power. Therefore, CSI-RS for all ports should be localized in one symbol. Figure 2 gives an example of CSI-RS pattern. Figure in left is an example of FDM multiplexing, while figure in right is CDM multiplexing.
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Figure 2 CSI-RS pattern for 8 antenna ports
2.2. CSI-RS multiplexing
In [3-4], the CDM-based CSI-RS as shown in figure 2 shows the following advantages:

· Different phase shift (of ZC sequence) guarantees the orthogonality of different antenna ports
· Since much denser CSI-RS can be placed in frequency domain, fine frequency selectivity can be captured for every port.
· DFT-based channel estimation suppresses noise and provides performance gain.
Some performance comparison between FDM-based CSI-RS and CDM-based CSI-RS are shown in figure 3-5. Simulation parameters are listed in appendix 2.
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Figure 3 performance comparisons between        Figure 4 performance comparisons between

FDM and CDM CSI-RS for 8 antenna ports        FDM and CDM CSI-RS for 4 antenna ports
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Figure 5 performance comparisons between FDM and CDM CSI-RS for 2 antenna ports 
Observations:
· In case of FDM-based CSI-RS power boost, the CDM-based CSI-RS pattern outperforms the FDM-based CSI-RS pattern 
In addition, from the aspect of the impact on the legacy UEs, FDM-based CSI-RS pattern with power boost leads to more negative impact than CDM-based CSIRS pattern [5]. Therefore, CDM-based CSIRS pattern is our preference.
3. Inter-cell CSI-RS design

In contribution [6], consistent CSI-RS design for FDD and TDD is studied in detail. For the sake of simple consistency between FDD and TDD, single and configurable CSI-RS sub-frame within configurable periodicity is a must. And in this case, it is a simple issue for the eNodeB to decide in which sub-frame the CSI-RS is transmitted. Furthermore, combined design between the signaling of CSI-RS sub-frame index and periodicity can also be applied to further reduce the signaling overhead.  
Based on CSIRS pattern in figure 2, by the shift of OFDM symbol or/and sub-carrier, multi-cell CSI-RS orthogonality can be easily achieved. Figure 6 shows an example of inter-cell CSIRS multiplexing.
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Figure 6 inter-cell CSIRS multiplexing
In addition, since there are abundant ZC sequences which can be used for CSI-RS, the interference of CSI-RS between different cells can also be easily randomized by the CDM based sequence hopping structure similar as Rel-8 UL RS and the interference from neighboring cells can be mitigated by the CDM-based CSI-RS. 
4. Conclusions

Given the analysis and results in this document, our current suggestions on CSIRS are as following: 
1. Intra-cell CSI-RS pattern should be localized in one OFDM symbol.
· CSI-RS should avoid the OFDM symbols with Rel-9/10 DM-RS.
· TDM-based CSI-RS pattern should be precluded due to partial use of power.
2. Intra-cell CSI-RS of different antenna ports can be multiplexed by phase shift based on ZC sequences.
3. Inter-cell CSI-RS should be localized in one subframe for the consistent FDD and TDD.
· Single and configurable CSI-RS sub-frame within configurable periodicity is adopted for LTE-A. It depends on the implementation of eNodeB to decide in which sub-frame the CSI-RS is scheduled.
4. Inter-cell CSI-RS orthogonality can be easily achieved by the shift of OFDM symbol or/and sub-carrier.
· CDM-based sequence hopping structure similar to Rel-8 UL RS can be reused to randomize the interference of CSI-RS between different cells.
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Appendix 1, simulation parameters for evaluation of DM-RS power reduction and imbalance
	Parameter
	Value

	Scope of Stage-1 simulations
	Required CSI-RS density per PRB in support of Rel-10 downlink SU-MIMO

	Carrier frequency
	2 GHz

	Transmission bandwidth
	5 MHz

	eNB antenna configuration
	8 Tx uncorrelated

	UE antenna configuration
	2 Rx uncorrelated

	Channel model
	LTE-ETU

	UE velocity
	30 km/h

	PDCCH / PDSCH configuration
	2/ 12 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
	HARQ, AMC,no rank adaptation

	Detector
	MMSE 

	Precoding/feedback granularity 
	4 PRB

	Transmit precoding/feedback
	8-Tx: (Samsung)
codebook with effective size of 6-bit

	Transmission rank
	Rank=2

	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
	5 ms 

	CSI-RS pattern
	Shown in figure7 

	CQI/PMI reporting delay modeling
	5ms

	Channel estimation for CQI/PMI selection
	Ideal CSI for CQI/PMI selection (reference case)

	Channel estimation for demodulation
	2D-MMSE over DM-RS

	Simulation output
	PDSCH throughput vs. SNR. 
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Figure7 an example of CSIRS and DMRS co-localize OFDM symbol
Appendix 2, simulation parameters for evaluation of CSI-RS multiplexing method
	Parameter
	Value

	Carrier frequency
	2 GHz

	Transmission bandwidth
	5 MHz

	eNB antenna configuration
	8/4/2 Tx uncorrelated

	UE antenna configuration
	2 Rx uncorrelated

	Channel model
	GSM-TU

	UE velocity
	3 km/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
	8-Tx: (Samsung)
codebook with effective size of 6-bit,

	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 pattern

CDM pattern

	Channel estimation for CQI/PMI selection
	Ideal CSI for CQI/PMI selection (reference case)

	
	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. 
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