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1. Introduction
At the previous RAN1#56 meeting, a way forward regarding the downlink reference signal (DL RS) design for LTE-Advanced was agreed upon [1]. In [1], it was agreed to define two types of RS, i.e., the RS targeting PDSCH demodulation (DM-RS) and the RS targeting channel state information (CSI) generation (CSI-RS), in addition to the RS defined in the Rel-8 LTE. However, we need to decide further details on the DL RS to establish the radio interface for LTE-Advanced. In particular, the RS density and multiplexing scheme are key issues that must be resolved to evaluate the performance for the ITU-R submission. Furthermore, in order to design the DL RS structure, a common understanding regarding the DL RS usage in the LTE-Advanced deployment scenario is important. Therefore, this contribution presents our views on the DL RS design and usage for LTE-Advanced.
2. Design Concept for DL RS in LTE-Advanced
· Antenna virtualization for CRS

In the downlink, a cell-specific common RS (CRS) is required for demodulation of control signaling, handover measurement, received timing synchronization, and so on. From the backward compatibility perspective, the CRS structure should be based on the Rel-8 cell-specific RS structure and used to support Rel-8 LTE UEs within the cell. Regarding the CRS, we agree to employ antenna virtualization [2],[3] to reduce the overhead as well as to utilize fully multiple power amplifiers. Figure 1 shows an example of usage cases for antenna virtualization. We prefer to support the CRS for up to two antenna ports, which is the baseline eNB antenna structure in Rel-8 LTE. In Fig. 1, by employing the antenna virtualization with one (two) CRS antenna port(s), the total RS overhead including the UE-specific DM-RS is reduced from 23.8% to 14.3% (19.0%) when four transmit antennas are assumed at the eNB.
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Figure 1 – Antenna virtualization for CRS

· Define antenna-specific CSI-RS

The CRS is a “cell-specific and antenna-common” RS due to the application of antenna virtualization. Thus, cell- and antenna-specific RSs targeting CSI generation (CSI-RS) are required for link adaptation and precoding operation. Regarding the CSI-RS, it was agreed that the density of CSI-RSs should be sufficiently sparse in the time and frequency domains [1]. Especially, in the time domain, we do not need a CSI-RS in each subframe [4]. Thus, we propose adopting an insertion interval into the subframes that have a CSI-RS similar to the case with the uplink sounding RS (UL SRS) as shown in Fig. 2. The minimum insertion interval is 2 msec and should be configurable. Furthermore, we prefer to define orthogonal CSI-RSs with at least up to eight antenna ports within a cell (further extension to inter-cell orthogonality is FFS).
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Figure 2 – Configuration of subframes with CSI-RS
· Define UE-specific DM-RS

Regarding the DM-RS, we believe that the design concept was sufficiently given in the way forward [1]. The remaining major issues are density optimization and the layer-orthogonal multiplexing scheme [5],[6]. Both issues are very important to the ITU-R submission.
3. Candidate Structures for Each DL RS
In this section, we present candidate structures for each DL RS, i.e., CRS, CSI-RS, and DM-RS based on the design concept explained in the previous section.
3.1. CRS
The CRS structure should be based on the cell-specific RS in Rel-8 LTE. Thus, we employ the same structure up to two antenna ports for antenna virtualization as shown in Fig. 3(a). In addition to the normal (mandatory) structure, we would like to investigate the benefits to introducing another low density structure based on the Rel-8 cell-specific RS in the MBSFN subframe suggested by several companies [7],[8] as shown in Fig. 3(b).
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Figure 3 – CRS structures

3.2. CSI-RS
In Section 2, we mentioned that the insertion interval of subframes with a CSI-RS should be similar to that for the UL SRS. Here, we discuss a scheme to multiplex CSI-RS into the subframe. Figures 4(a) and 4(b) show examples of the CSI-RS multiplexing scheme for up to eight antenna ports (Note that the gain from introducing inter-cell orthogonality is FFS). We basically consider multiplexing of CSI-RS into OFDM symbols for the PDSCH which is not overlapped with those including other types of RSs such as CRS or DM-RS. Furthermore, we consider FDM and/or CDM as orthogonal multiplexing schemes for CSI-RSs belonging to different antenna ports.
[image: image4.emf]Subframe

RB

REs for CRS and

control signaling

REs for DM-RS

(example)

CSI-RS

(example)

Subframe

RB

One symbol per subframe Two symbols per subframe

Density per symbol is FFS

Subframe

RB

REs for CRS and

control signaling

REs for DM-RS

(example)

CSI-RS

(example)

REs for CRS and

control signaling

REs for DM-RS

(example)

CSI-RS

(example)

Subframe

RB

One symbol per subframe Two symbols per subframe

Density per symbol is FFS


(a) FDM

[image: image5.emf]Subframe

RB

One symbol per subframe

Subframe

RB

Two symbols per subframe

Density per symbol is FFS

REs for CRS and

control signaling

REs for DM-RS

(example)

CSI-RS

(example)

Subframe

RB

One symbol per subframe

Subframe

RB

Two symbols per subframe

Density per symbol is FFS

REs for CRS and

control signaling

REs for DM-RS

(example)

CSI-RS

(example)

REs for CRS and

control signaling

REs for DM-RS

(example)

CSI-RS

(example)


 (b) CDM

Figure 4 – Examples of CSI-RS structures

An additional issue to be investigated is backward compatibility to Rel-8 LTE UEs. If RBs with the CSI-RS are assigned to Rel-8 LTE UEs, performance degradation is expected. To address this problem, two options are considered.
· Delegate the issue to eNB scheduling – implementation matter [9]
· CSI-RS multiplexing only into RBs scheduled for LTE-Advanced UEs – some specifications may be needed to indicate the RBs with CSI-RS to LTE-Advanced UEs
3.3. DM-RS
As agreed in [1], the baseline structure of DM-RS for LTE-Advanced is the UE-specific RS in Rel-8 LTE. Thus, similar design criteria can be reused. More specifically, we can apply TDM of the DM-RS to the control region and CRS, i.e., multiplexing to 4th, 7th, 10th, and 13th OFDM symbols within the subframe. Thus, the one remaining issue is density optimization in the frequency domain considering multi-layer transmission. Figures 5(a) and 5(b) show examples of the UE-specific DM-RS structure for the single-layer and two-layer transmissions, respectively. We need to investigate the optimum density for each transmission type. We present our simulation results for single-layer transmission case in [10].
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Figure 5 – Examples of DM-RS densities
In [1], it was also agreed that DM-RSs on different layers are mutually orthogonal. For the multiplexing scheme, FDM, CDM and a hybrid scheme were proposed [5],[6]. Figures 6(a) and 6(b) show examples of the DM-RS multiplexing scheme assuming double-layer transmission using FDM and CDM, respectively. We consider that the FDM has an advantage in achieving good orthogonality among different layers. Meanwhile, the CDM has an advantage in achieving a good ability to track the channel variation in the time and frequency domains.
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(b) CDM
Figure 6 – DM-RS multiplexing scheme for different layers
4. Conclusion
This contribution presented our views on the DL RS design and usage for LTE-Advanced. Our preferences are summarized hereafter.
· Antenna virtualization is applied to CRS in order to reduce its overhead

· Used for demodulation of control signaling, handover measurement, received timing synchronization, and so on.

· CRS structure should be based on the Rel-8 cell-specific RS for up to two antenna ports
· Instead, cell- and antenna-specific CSI-RSs are defined

· Insertion interval should be similar to that for UL SRS (i.e., minimum 2 msec and configurable)
· Define orthogonal CSI-RS for at least up to eight antenna ports within a cell (further extension to inter-cell orthogonality is FFS)

· UE-specific DM-RS is defined for PDSCH demodulation

· Remaining main issues are density optimization and layer-orthogonal multiplexing scheme
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