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1. Introduction

The following agreements were reached regarding the downlink CSI reference signal (DL CSI-RS) design for LTE-Advanced during RAN1 #57 and #57bis.
· No mixed use of Rel. 8 CRS and Rel. 10 CSI-RS for a configured Rel. 10 CSI measurement of a given cell at Rel. 10 UE (for all possible number of antenna ports in the cell)

· For the configured CSI measurement, the UE measures based either on Rel. 8 CRS or on Rel. 10 CSI-RS for the given cell
· Eight Rel. 10 CSI-RS can be configured for Rel. 10 CSI measurements in a given cell

· For this case of Rel. 10 CSI measurements, only the eight Rel. 10 CSI-RS are used for the CSI measurements corresponding to the given cell
· Mixed use of Rel. 8 CRS and Rel. 10 CSI-RS for a configured CSI measurement of a given cell at Rel. 10 UE is not precluded if some benefits can be clearly shown, e.g., overhead reduction and performance improvement
· CSI-RS are punctured into the data region of normal/MBSFN subframes
In RAN1 #58, views on the CSI-RS pattern design were discussed in [1]-[8] but no conclusions have yet been drawn. In this contribution, we present our views on the DL CSI-RS design for LTE-Advanced.
2. Views on DL CSI-RS Design
2.1. Transmission Intervals
Impact of CSI-RS transmission interval was discussed in [1], [2], and [5]. In order to avoid performance degradation of the broadcast channel such as PBCH or SIB-0, transmission of the CSI-RS in subframes #0 and #5 should be avoided. Therefore, we agree that the transmission interval for the CSI-RS should be a multiple of a 5-ms period.
2.2. Possible OFDM Symbols Used for CSI-RS Mapping
Issues regarding possible OFDM symbols that could be used for CSI-RS mapping are raised in [3] as follows.

· Should OFDM symbols for PDCCH and Rel. 8 CRS be avoided ?
· Should OFDM symbols for Rel. 9/10 UE-specific RS be avoided ?
· Should OFDM symbols for Rel. 8 UE-specific RS be avoided ?
We agree with the first two points, i.e., OFDM symbols used for PDCCH, Rel. 8 CRS, and Rel. 9/10 UE-specific RS should be avoided for CSI-RS mapping. However, it may not be necessary to avoid OFDM symbols used for a Rel. 8 UE-specific RS because Rel. 8 UEs will use the Rel. 8 CRS for SU-MIMO demodulation in deployment scenarios employing CSI-RSs for LTE-Advanced UEs.
2.3. Insertion Density and Mapping Scheme Per RB

We first assume that the CSI-RS will be transmitted following the working assumption: 2 REs/RB per antenna port with six subcarrier spacing. As discussed in some contributions [1], [3], and [4], the insertion density of 8 REs/RB for up to 4 antenna ports is reasonable even if we consider a performance degradation for Rel. 8 LTE UEs, which were scheduled to RBs that include CSI-RS. Figure 1 shows candidates for the CSI-RS insertion pattern for 4 antenna ports (8 REs/RB) using FDM or FDM/CDM.
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Figure 1 – DL CSI-RS insertion patterns for 4 antenna ports

If we simply extend the CSI-RS pattern up to 8 antenna ports while keeping the same insertion density per antenna port, the density of total CSI-RS per RB becomes 16 REs/RB. However, some companies raised a concern regarding the performance degradation for Rel. 8 LTE UEs, which were scheduled to RBs that include the Rel. 10 CSI-RS [3], [4]. Thus, the following three options for a CSI-RS insertion scheme for eight antenna ports are considered. A comparison of the three options is given in Table 1 and is explained as follows.
· Opt. 1: Double the density per RB (16 REs/RB)
Option 1 is straightforward. It could be achieved using FDM/CDM for CSI-RS insertion as shown in Fig. 2(a). The CSI-RS for the first 4 antenna ports are inserted using 16 REs, and the CSI-RS for the remaining 4 antenna ports are inserted in the same REs as first 4 antenna ports using CDM. As we mentioned, the drawback of this option is that there is a significant degradation in performance for Rel. 8 LTE UEs, which are scheduled to RBs that include the Rel. 10 CSI-RS.
· Opt. 2: Keep the same density (8 REs/RB) while increasing the frequency spacing
Option 2 inserts the CSI-RS for 8 antenna ports within one RB as illustrated in Fig. 2(b). To retain the insertion density of 8 REs/RB, this option increases the frequency spacing for the CSI-RS insertion, i.e., only 1 RE/RB is used for each antenna port. This option could avoid performance degradation problem raised in Option 1 for the Rel. 8 LTE UE. However, a concern regarding this option is the degradation in the CSI measurement accuracy for the Rel. 10 UE due to the lower insertion density in the frequency domain per antenna port.
· Opt. 3: Keep the same density (8 REs/RB) while using two subframes [1],[4]

Option 3 combines TDM and FDM (or FDM/CDM) for CSI-RS insertion as shown in Fig. 2(c). The CSI-RSs for the first four antenna ports are inserted in a subframe, and the CSI-RSs for the remaining four antenna ports are inserted in a different subframe. In this option, an insertion density per RB could be kept the same as that for the four antenna ports (8 REs/RB). However, when the same transmission interval is applied to the CSI-RS per antenna port, the number of RBs that include the CSI-RS doubles compared to Options 1 and 2. This leads to an increase in the probability that the Rel. 8 UEs are scheduled to RBs that include CSI-RS. Another issue to be noted is that it is difficult for the eNode B to transmit the CSI-RS under full power amplifier (PA) utilization due to the use of TDM.
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(a) Option 1: Doubling the density per RB (16 REs/RB)
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(b) Option 2: Keeping the same density (8 REs/RB) while increasing frequency spacing
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(c) Option 3: Keeping the same density (8 REs/RB) while using two subframes
Figure 2 – DL CSI-RS insertion patterns for 8 antenna ports
Table 1 – Comparison of CSI-RS insertion options for 8 antenna ports
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The simulation results given in ANNEX show that Opt. 1 provides slightly better performance compared to Opts. 2 and 3 for cell-edge UE in a low SINR region.
2.4. Inter-cell Deployment

Similar to the Rel. 8 LTE, inter-cell randomization by applying a cell-specific scrambling code should be the baseline for inter-cell deployment. However, the gain from employing the inter-cell orthogonality for the CSI-RS should be carefully investigated and should not be precluded at this stage. To achieve inter-cell orthogonality, the following two approaches are considered.
Approach 1: Application of a timing offset of subframes or frequency offset of RBs among cells to transmit the CSI-RS [3],[6]

Approach 2: Application of a cell-group common utilization of CSI-RS antenna ports, e.g., by employing cell-group common scrambling sequence where the pseudo random sequence is initialized based on higher-layer signaling
3. Conclusion

In this contribution, we presented our views on the DL CSI-RS design for LTE-Advanced. Our views are summarized below.
· Transmission interval of CSI-RS should be a multiple of a 5-ms period.
· At least OFDM symbols used for the PDCCH, Rel. 8 CRS, and Rel. 9/10 UE-specific RS should be avoided for CSI-RS mapping.
· Insertion density and multiplexing scheme:

· 8 REs/RB for 4 antenna ports
· Multiplexing scheme to be FDM or FDM/CDM

· FFS for 8 antenna ports (three options are considered)
· Gain from employing the inter-cell orthogonality for the CSI-RS should be carefully investigated and should not be precluded at this stage
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ANNEX
We evaluate Opts. 1 – 3 from the viewpoint of mean square error (MSE) and block error rate (BLER) performances assuming MU-MIMO transmission with 8 Tx antennas at eNode B and 2 UEs with 2 Rx antennas. Fading between antennas is assumed to be uncorrelated. The other simulation conditions are given in Table 2. 
Table 2 – Simulation conditions
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Figure 3 shows the MSE performance of Opts. 1 – 3 assuming subband (5 RB) based CSI generation. Although two power boosting values, i.e. 6 dB and 9 dB, are evaluated for Opt. 3, the use of 6 dB power boosting is more realistic taking into consideration practical PA utilization. In this case, this figure shows that Opt. 1 provides better MSE performance compared to Opts. 2 and 3.
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Figure 3 – MSE performance
Figures 4(a) and 4(b) show the BLER performances of MU-MIMO using CSI generation of Opts. 1 – 3 for a QPSK modulation with the coding rate of R = 1/2 and 3/4, respectively. These figures show that Opt. 1 provides slightly better BLER performance compared to Opts. 2 and 3 for the cell-edge UE in a low SINR region.
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(a) QPSK R = 1/2




(b) QPSK R = 3/4
Figure 4 – BLER performance
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