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1. Introduction

In RAN1 #56bis and #57bis meeting, followings have been agreed as a CSI-RS design guideline:

· The duty cycle can be defined for CSI-RS transmission.

· The CSI-RS should be possible to transmit without LTE-A only subframe.

· The CSI-RS are punctured into the data region of normal/LTE-A only subframe.

· Strive for same CSI-RS pattern regardless of subframe type.

In addition to the agreements, other detailed design guidelines [1]-[5] have been also discussed such as possible candidates of duty cycle, maximum number of CSI-RS in an RB considering legacy UE, wideband CSI-RS support and so on. During RAN1 #59bis meeting, the density of CSI-RS was discussed from LTE-A performance and legacy UE impact viewpoints. Since the performance difference between alternatives is marginal while the legacy impact shows significant performance loss as the CSI-RS overhead goes higher, following was agreed as a progress:
· CSI-RS density: 1 RE per port per PRB for 2, 4, and 8 ports

     Although the density of CSI-RS is agreed, lots of remaining CSI-RS issues such as exact CSI-RS pattern and power boosting support should be further discussed and decided for the progress. Therefore, in this contribution, we discuss on remaining details of CSI-RS design in LTE-Advanced. 
2. CSI-RS port multiplexing

        The CSI-RS is in general used for the measurement purpose so that its estimation accuracy of tracking frequency selectivity characteristics seems to be insignificant since the frequency feedback granularity is already coarse so that the CSI feedback is averaged within a subband due to limited feedback channel capacity as seen in the performance comparison between 1RE/AP/RB and 2RE/AP/RB [1]-[4]. On the other hand, the accuracy of the channel estimation on the position of the CSI-RS should be relatively high to provide appropriate MIMO performance.
Two multiplexing approaches such as CDM and FDM have been proposed and investigated so far. Regarding the CDM-based CSI-RS port multiplexing, ZC-sequence based CDM multiplexing is proposed for the sake of keeping commonality between downlink CSI-RS and uplink SRS and for exploiting processing gain to increase the SINR. On the other hand, FDM-based CSI-RS port multiplexing is proposed to keep the simplicity in terms of implementation and provide robust performance regardless of the Doppler frequency and delay spread of the channel. Due to inter code interference, the performance of CDM-based multiplexing could be degraded as the Doppler frequency and/or delay spread becomes higher, thereby resulting in huge CQI mismatch.  Since the CSI-RS is seen by all LTE-A UEs in a cell, this impact cannot be avoided if a UE suffers high delay spread and/or Doppler frequency. Therefore, it seems to be beneficial to adopting the FDM-based CSI-RS antenna port multiplexing to avoid inter code interference.

Proposal 1: FDM-based CSI-RS antenna port multiplexing is adopted. 
3. CSI-RS power boosting

       In RAN1 #59bis meeting, 1RE/AP/PRB is agreed as the CSI-RS overhead irrespective of the number of CSI-RS  ports since the performance of LTE-A UE with single-cell MIMO operation seems to be similar between three alternatives while the legacy impact is relatively significant as the number CSI-RS gets larger. Since the CSI-RS is also used for multi-cell operation such as CoMP, it should further investigated whether the CSI-RS power should be possible to boost up if it is used for other cell measurements although the legacy impact in a serving cell becomes more serious.
Proposal 2: the necessity of power boosting of CSI-RS should further investigated from multi-cell operation viewpoint.
4. CSI-RS pattern
     Since the overhead of CSI-RS is agreed, further details of CSI-RS pattern should be discussed. Therefore, some CSI-RS pattern design aspects and example patterns are discussed in this section.

· CSI-RS antenna port power balancing

Full power utilization at eNB transmitter have been considered as one of important design criteria for MIMO transmission scheme design since the power loss at eNB always comes with throughput loss directly, thus antenna power balanced design is important to allow low cost power AMP at the eNB. Keeping that in mind, the same number RE of all CSI-RS ports should be positioned in an OFDM symbol to keep the antenna power balance across CSI-RS ports assuming FDM-based CSI-RS port multiplexing .

Proposal 3: power balancing across CSI-RS ports should be kept to allow full power utilization at the eNB.

· CSI-RS placement

Two alternatives have been proposed for the placement of CSI-RS such as uniform frequency spacing and non-uniform frequency spacing of the CSI-RS. Keeping that 1RE/AP/RB is interpreted as average CSI-RS overhead in mind, non-uniform frequency spacing also can be considered as a candidate of CSI-RS pattern. The figure 1 and 2 show the examples of the CSI-RS with uniform frequency spacing or non-uniform spacing with same average CSI-RS overhead.
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Figure 1. Uniform frequency spacing of a CSI-RS port
(The same position is used for a CSI-RS port in every PRB).
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Figure 2. Non-uniform frequency spacing of a CSI-RS port 

(The same position is used for a CSI-RS port in the PRB containing CSI-RS).

       Since the feedback granularity is relatively coarse, the non-uniform spacing may not have any performance degradation due to the absence of CSI-RS in some parts of RBs. Therefore, further evaluation of two approaches seems to be needed to have design freedom of the CSI-RS.
5. Simulation results

      In this selection, the CSI-RS placements described in the section 4 are evaluated in link-level. In the evaluation, we compare three alternatives as follows:
· Alt-1: uniform spacing of each CSI-RS port in every 12RE as shown in the figure 1 and all PRB are used for CSI measurement.

· Alt-2: non-uniform spacing and odd PRB contains CSI-RS as shown in the figure 2 and all PRB are used for CSI measurement.

· Alt-3: the same CSI-RS patterns with Alt-2 and PRBs containing CSI-RS are only used for CSI measurement.

     In the link simulation, 4Tx rank-2 SVD precoding with un-quantized feedback with frequency selective precoding is used to see the impact of channel measurement accuracy and the subband based un-quantized PMI is fed back every 10ms. Further details of assumption are shown in the table 1.
Table 1. Assumptions for link-level evaluation

	Carrier frequency
	2 GHz

	Bandwidth
	5 MHz

	RB Assignment
	4 RBs

	Feedback granularity
	4RBs for a PMI and CQI

	Channel Model
	Ped-A, TU

	Antenna Configuration (Tx x Rx)
	4x2

	Duty Cycle for CSI-RS transmission
	5ms

	Mobility
	3km/h

	Precoding
	4Tx rank-2 SVD precoding with un-quantized feedback 

	CSI-RS Channel Estimation
	Linear interpolation

	Power Boosting of CSI-RS
	None

	MCS
	Rel-8 MCS

	DM-RS channel estimation
	Perfect


The figure 3 shows the link throughput performance with SVD precoding under Ped-A channel according to the CSI-RS patterns and CSI-RS measurement method. As seen in the figure, the performance of alternatives seems quite similar regardless of the SNR regions, this is because the coarse feedback granularity and low delay spread channel is assumed. 
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Figure 3. Performance comparison between alternatives under Ped-A 3km/h. 

      The figure 4 shows the performance under TU channel according to the CSI-RS patterns and channel measurement method. As seen in the figure 4, the performance difference between alternatives is quite marginal although performance loss is shown compared with perfect channel estimation case.
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Figure 4. Performance comparison between alternatives under TU 3km/h. 

Observation: the performance difference of single cell closed-loop MIMO scheme according to CSI-RS patterns and channel measurement seems negligible. Therefore, CSI-RS patterns provide other benefits such as low implementation complexity and/or provide better multi-cell CSI-RS design should be prioritized.  

6. Conclusions
In this contribution, we discussed on CSI-RS design aspects including multiplexing, power boosting, and patterns. In addition, performance evaluation is also conducted to compare the CSI-RS placement alternatives. From the discussions and the evaluation results, we may conclude as follows:
· FDM-based CSI-RS multiplexing should be supported.

· The necessity of CSI-RS power boosting should be further investigated from multi-cell operation viewpoint.

· Power balancing across the CSI-RS ports should be kept in mind for CSI-RS pattern design to allow full power utilization at eNB.

· The performance different between uniform and non-uniform spacing of CSI-RS pattern seems to be negligible from LTE-A performance point of view. Therefore, other benefits such as implementation complexity and/or flexible multi-cell operation should be prioritized for the choice of CSI-RS pattern.
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