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1. Introduction 
At the RAN1#59bis meeting, the CSI-RS density of 1 resource element (RE) per physical resource block (PRB) per antenna port was agreed upon, and now further details on the CSI-RS design will be discussed considering both intra- and inter-cell channel measurements. In this contribution, we present our views on the CSI-RS design.
2. Intra-cell CSI-RS Design
2.1. Intra-cell CSI-RS Multiplexing 
Similar to the Rel. 8 CRS design, intra-cell CSI-RS should be orthogonal. Alternatives for orthogonal intra-cell CSI-RS multiplexing are frequency domain multiplexing (FDM), code division multiplexing (CDM), and time domain multiplexing (TDM). Our first design criteria for the intra-cell CSI-RS design is full power utilization. Figures 1(a), 1(b), and 1(c) show simple examples of CSI-RS multiplexing of 4 Tx antennas. In Fig. 1(a), the CSI-RSs of 4 Tx antennas are multiplexed using FDM [1]. In this case, the CSI-RS of each Tx antenna can borrow the power of the REs that are nulled to maintain the orthogonality to the CSI-RSs of the other Tx antennas. Thus, full power utilization can be achieved with 6 dB boosting of the CSI-RS over the PDSCH at each Tx antenna. On the other hand, in Fig. 1(b), the CSI-RS of Tx 0 and Tx 1 and that of Tx 2 and Tx 3 are multiplexed using TDM [2],[3]. In TDM, the CSI-RS of each Tx antenna cannot borrow the power of the nulled REs located in the other OFDM symbol, and thus full power utilization cannot be achieved. Although, pure FDM is the preferable option for full power utilization, larger power boosting is needed for larger numbers of Tx antennas, e.g., 9 dB power boosting is necessary for 8 Tx antennas. Note that the Release 8 specification has limitation of power boosting up to 6dB. If there is a limitation to the power boosting for Rel-10, hybrid FDM and CDM can be applied as illustrated in Fig. 1(c), where Tx 0 (Tx 1) and Tx 2 (Tx 3) are multiplexed by CDM using orthogonal cover codes (OCCs) over two consecutive OFDM symbols [4]. In this case, full power utilization is achieved with 3 dB power boosting of the CSI-RS over the PDSCH at each Tx antenna. One disadvantage to CDM is the destruction of orthogonality due to channel variation, thus the OCCs should be used for two consecutive symbols.
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(a) FDM

[image: image2.emf]Antenna #0

Antenna #1

Antenna #2

Antenna #3

PDSCH

Tx 0 Power

Subcarrier

Tx 1 Power

Subcarrier

Tx 2 Power

Subcarrier

Tx 3 Power

Subcarrier

Subcarrier

Subcarrier

Subcarrier

Subcarrier

10-th 

sym.

11-th 

sym.

EPRE of each CSI-RS of each Tx antenna =1/2 Total EPRE of PDSCH of all Tx antennas 


(b) FDM+TDM
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(c) FDM+CDM

Figure 1 Intra-cell CSI-RS multiplexing

2.2. CSI-RS Scrambling 
Similar to the Rel. 8 CRS, cell specific scrambling can be applied for inter-cell randomization.
3. Inter-cell CSI-RS Design
3.1. Inter-cell CSI-RS Multiplexing / Collision Avoidance

Shifting and hopping are the two means that can be applied to inter-cell CSI-RS multiplexing and collision avoidance [5], [6]. Since the duty cycle of CSI-RS is long (typically 10 msec) and the density of the CSI-RS is low (1 RE/port/PRB), a relatively large number of reuse factors can be obtained. Thus, our preference is to apply shifting for inter-cell CSI-RS multiplexing. Shifting can be applied at the subframe-level and RE-level. Our preference is a combination of these two approaches. Figure 2 shows an example of inter-cell CSI-RS multiplexing. Cell 1, cell 2, and cell 3 can be regarded as CoMP set 1, and cell 4, cell 5, and cell 6 are CoMP set 2. Intra-RB multiplexing is applied within CoMP sets, where RE-level time/frequency domain shifting is applied. Inter-subframe multiplexing is applied among CoMP sets, where subframe-level time domain shifting is applied. Note that cells belonging to different CoMP sets can also be multiplexed within the PRB.
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Figure 2 Inter-cell CSI-RS multiplexing by shifting

Figure 3 shows an example of RE-level time/frequency domain shifting patterns for 4 Tx antennas. The figure shows that 10 shifting patterns are available within a RB. Assuming 8 subframes excluding the 0-th and 5-th subframes containing the primary and secondary synchronization signals (PSS/SSS) and that the Physical broadcast channel (PBCH) can be used for the CSI-RS transmission, the total reuse factor of the CSI-RS for 4 Tx antennas assuming 10 msec periodicity is 10 x 8 = 80. In the case of 8 Tx antennas, the reuse factor is 40. If these reuse factors are not sufficient, additional means such as cell or antenna specific CSI-RS hopping or RB sparse CSI-RS transmission with RB-level frequency domain shifting can be considered. 
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Figure 3 Intra-RB CSI-RS multiplexing by RE-level shifting

3.2. PDSCH Muting 
Among synchronized cells, PDSCH muting ensures orthogonality among inter-cell CSI-RSs, which can improve the channel estimation accuracy of inter-cell channel estimation. On the other hand, muted REs represent additional interference to Rel. 8 UEs. In order to minimize the negative impact on Rel. 8 UEs, it is desirable to keep the number of CSI-RS-affected subframes as low as possible. Thus, our preference is that PDSCH muting can be applied to a set of CSI-RSs that are multiplexed within a RB, i.e., the CSI-RS in a CoMP set. Among non-synchronized cells, the PDSCH muting cannot ensure orthogonality, thus PDSCH muting, if supported, should be configurable by the network.

3.3. Interference Measurement

The agreed CSI-RS density of 1 RE/port/PRB implies a 12 subcarrier spacing for each Tx antenna. This corresponds to the window size of 5.55 sec, which is almost the same as the cyclic prefix (CP) length, and makes interference (noise) estimation more challenging. One alternative means to estimate interference is to use the Rel. 8 CRS [7]. However, inter-cell collision of the CRS leads to pessimistic CQI estimation that degrades the system throughput. Another alternative is to introduce silent resources [8] that are sparse and random in the frequency and time domains. 
4. Conclusion
· For intra-cell CSI-RS multiplexing, FDM is preferred. If there is a limitation to the power boosting of the CSI-RS over the PDSCH, FDM+CDM may be employed.

· For inter-cell CSI-RS multiplexing, inter-subframe multiplexing with subframe-level time domain shifting can be applied among CoMP sets, whereas intra-RB multiplexing with RE-level time/frequency domain shifting can be applied within a CoMP set.

· PDSCH muting, if supported, 

· shall be applied only among cells that are multiplexed within PRB, i.e., cells in a CoMP set and 
· can be configurable by the network, which enables the network to turn off muting in non-synchronized cells.
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