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1 Introduction
In LTE Advanced (LTE-A) systems, CSI-RS is responsible for providing LTE-A UEs with a reliable signal for estimating channel state information which supports enhanced multi-antenna technologies such as Single-user MIMO (SU-MIMO), Multi-user MIMO (MU-MIMO), and Coordinated Multipoint (CoMP) transmission. So far the following CSI-RS details have been agreed within RAN1:

· CSI-RS punctures the data region in normal and MBSFN subframes
· CSI-RS structure is sparse in time and frequency. 
· The CSI-RS density is 1RE/RB/Antenna Port for 2Tx, 4Tx, and 8Tx.   
· Full-power utilization is the design target.

· Same data RE power between a data RE in the OFDM symbol containing CSI-RS and a data RE in the OFDM symbol without CSI-RS/Rel-8 CRS is assumed within a subframe.
· CSI RS pattern for {2,4,8} CSI-RS ports:
- Port 0 is fully configured (subframe, OFDM symbol, frequency location) by L3 signaling and/or tied to system parameters. The other ports follow port0 (implicit)
This contribution discusses our views on the some of the open issues for CSI-RS design.

2 Issues on Intra-cell CSI-RS Design
2.1 Available Resource Elements for CSI-RS
As the first step in designing CSI-RS, the REs that can be used for CSI-RS transmission must be identified (or equivalently, the REs that cannot be used). Our preference is to avoid the following regions:

· Control region

· OFDM symbols with CRS

The rationale for avoiding the two regions mentioned above should be clear considering the high reliance of LTE eNB and UE operations on signals transmitted on these regions. In addition, the REs used for DM-RS transmission should not be used such that CSI-RS does not hinder LTE-A channel estimation operation. 

Besides CRS, DM-RS, and control region, special care needs to be given such that CSI-RS does not collide with PBCH, PSS, and SSS. However, unlike the control signalling and the CRS, these signals are transmitted on only a fraction of the transmitted subframes at specific OFDM symbols. One alternative in designing CSI-RS is to avoid REs used for PBCH, PSS, and SSS altogether. However, such an approach would impose significant design constraints even for those subframes without PBCH, PSS, and SSS. The other alternative is to design the CSI-RS for a subframe without these signals and let the eNB appropriately allocate one of multiple CSI-RS resources. For example, if an eNB has configured the CSI-RS to be transmitted on a subframe (ex. Subframe #5) where PSS and SSS is transmitted, it would not use a CSI-RS pattern which transmits on OFDM symbols 5 and 6 (FDD case).
Proposal: Avoid control region, OFDM symbols with CRS, and REs that can be used for DM-RS. Available resource for transmission of CSI-RS in FDD:
· All REs in OFDM symbols #3, #9, #10
· REs in OFDM symbols #5, #6, #12, #13 which are not used for DM-RS
2.2 CSI-RS Pattern and Multiplexing
The next question is how to multiplex the CSI-RS for different antenna ports. Our preference is a combination of FDM and TDM where 2 OFDM symbols are used for the transmission of CSI-RS of all antenna ports. An example of the proposed CSI-RS pattern is shown in Figure 1 for 8, 4, and 2 CSI-RS antenna ports for normal subframes.
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Figure 1. Proposed CSI-RS patterns for 8, 4, and 2 CSI-RS antenna ports.

Note that in the above CSI-RS patterns, CSI-RS is transmitted such that there is as much non-pairwise puncturing as possible. The reason for locating CSI-RS in such a manner was to minimize the impact of Release 8 and 9 UEs receiving downlink transmission based on SFBC. It has been shown in [1] that non-pairwise puncturing results in smaller performance degradation for Release 8, 9 UEs when SFBC is used.

One of the requirements agreed during RAN1#60 was to design the CSI-RS such that full power utilization can be achieved. In order to achieve this goal for the above patterns, CSI-RS is transmitted as shown in Figure 1 for half of the system bandwidth while it is transmitted with CSI-RS antenna port location switched in the time domain for the remaining half. For example, in the case of 8-port CSI-RS transmission, CSI-RS is transmitted using Pattern A in Figure 2 for the one half of RBs in the system bandwidth while it is transmitted using Pattern B in the rest of the RBs.
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Figure 2. Proposed CSI-RS pattern for 8 CSI-RS antenna ports to achieve full power utilization.

Proposal: Use a FDM/TDM based CSI-RS pattern design as shown in Figure 1 and Figure 2.
2.3 Reuse Factor

As discussed in [2], there are multiple options for providing orthogonality among CSI-RS transmissions of different cells. One such option is to allocate different time offsets in units of subframes to different cells. Another option is to use PRB sparse CSI-RS transmission such that CSI-RS is transmitted on preselected RBs and allocate different frequency offsets to different cells [3]. However, each option has its own limitations. For example, the application of time offsets can be limited in TDD configurations while PRB sparse CSI-RS transmission may not be efficient in highly frequency selective channels. For these reasons, it is necessary to have to the capability to transmit orthogonal CSI-RS from different cells on the same subframe and RB.
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Figure 3. Proposed set of CSI-RS patterns for 8 CSI-RS antenna ports to achieve inter-cell orthogonality.

Figure 3 shows the proposed set of CSI-RS patterns for guaranteeing orthogonal CSI-RS transmission from three cells for the case of 8 CSI-RS antenna ports. Note that the CSI-RS is always contained within the same 2 OFDM symbols for all three patterns. This feature allows the UE to measure the channel quality of up to three different cells simultaneously. 

The three CSI-RS patterns shown in Figure 3 provide orthogonality for up to three different cells. Therefore the reuse factor is same as that of the CRS. Our opinion is that a reuse factor of 3 should be sufficient and should be taken as the baseline for LTE-A when the allocation of CSI-RS is tightly controlled. However, for non-macro eNBs (e.g., home eNodeBs, femtos, picos, CSGs, etc.) in HetNets, it might not be possible to tightly control the CSI-RS allocation. For these eNBs, a separate set of CSI-RS resources can be set aside [4].

Proposal: Use reuse factor of 3 as baseline for deployment scenarios when the allocation of CSI-RS can be tightly controlled. Set aside a separate set of CSI-RS for cases where this is not possible (ex. HetNet).
3 Summary
In this contribution, Samsung’s view on some of the open CSI-RS issues is summarized. Based on the agreement from previous RAN1 discussions we propose:

· Avoid transmitting CSI-RS on regions mentioned in Section 2.1.

· FDM/TDM based CSI-RS pattern for intra-cell CSI-RS antenna port multiplexing

· FDM based CSI-RS resource allocation for orthogonal CSI-RS transmission from multiple cells

· Consideration of setting aside some CSI-RS time-frequency resources for non-macro eNodeBs in HetNets in addition to the three set of orthogonal CSI-RS patterns in Figure 3.
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