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1 Introduction
In Rel-10/11, the UE shall assume that CSI reference signals are not transmitted
-
in the special subframe(s) in case of frame structure type 2,
-
in subframes where transmission of a CSI-RS would collide with transmission of synchronization signals, PBCH, or SystemInformationBlockType1 messages,

-
in the primary cell in subframes configured for transmission of paging messages in the primary cell for any UE with the cell-specific paging configuration.
Hence, more downlink subframes are available for CSI-RS transmission in FDD than those in TDD. As shown in Figure 1, all the subframes can be used for CSI-RS transmission in FDD while only several subframes are available for CSI-RS transmission in TDD. This could limit the flexibility of CSI-RS configuration for TDD. In this contribution, we first discuss the motivations for CSI-RS enhancement in Rel-12, and then present possible methods for CSI-RS enhancement on NCT.
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Figure 1: Illustration of subframes usable for CSI-RS transmission
2 Discussion

2.1 Motivation for CSI-RS enhancement

In Rel-10/11, CSI-RS transmission is not supported in the special subframe(s), which was mainly to simplify the design since different DwPTS lengths shall be considered. Considering the new deployments and technologies in Rel-12, the CSI-RS configurations are limited in the following scenarios especially for TDD:
Scenario 1: TDD UL-DL configuration 0
TDD UL-DL configuration 0 is expected to be frequently used in flexible TDD UL-DL reconfigurations based on traffic adaptation. For a cell with low load, TDD UL-DL configuration 0 is desirable from energy saving perspective since the minimum number of downlink subframes exist. On the other hand, for TDD UL-DL configuration 0, only subframe #0/5 can support CSI-RS transmission. Further, PBCH and SSS are transmitted in subframe #0 every radio frame. Hence the usable CSI-RS patterns are very limited as shown in Figure 2. In TDD subframe #5, SIB1 is transmitted with 20ms periodicity and SSS is transmitted in every radio frame. It is also noted that paging may occur per radio frame in both TDD subframe #0 and subframe #5, which puts further restriction on CSI-RS configuration. Hence, additional CSI-RS configurations are needed especially for TDD UL-DL configuration 0.
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Figure 2: Usable CSI-RS patterns for TDD subframe #0
Scenario 2: Small cell
In Rel-12, small cell enhancement is introduced. For dense small cell deployment, the inter-cell interference of CSI-RS will be more serious. In Rel-10/11, inter-cell interference of CSI-RS can be reduced by configuring zero power CSI-RSs. With limited CSI-RS patterns available, the handling of CSI-RS inter-cell interference becomes more difficult. Further, it is noted that with CoMP, multiple CSI process can be configured, each with its own non-zero power CSI-RS configuration, zero power CSI-RS configuration, and interference measurement resource configuration, all of which relies on the available CSI-RS patterns. Hence, additional configurations for CSI-RS are needed in Rel-12.
Given that legacy control region are not present on NCT, it provides opportunities to have more CSI-RS patterns on NCT. With the above analysis, we have the following proposal:
Proposal 1: CSI-RS enhancement should be considered in Rel-12.
2.2 CSI-RS enhancement on NCT
For the Rel-12 NCT design, the following methods should be supported for CSI-RS enhancement.
· Allow CSI-RS transmissions in DwPTS for TDD
The simplest approach to allow CSI-RS transmission in DwPTS is to support the existing CSI-RS configurations that can fit in the DwPTS durations. Figure 3 (normal CP) and Figure 4 (extended CP) illustrate the examples of applicable Rel-10 CSI-RS patterns for some DwPTS durations. However, there is no existing CSI-RS pattern usable for DwPTS with special subframe configuration 0/5/9 for normal CP and special subframe configuration 0/4/7 for extended CP. It is further noted that reusing existing CSI-RS patterns for DwPTS is not limited to NCT.
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Figure 3: CSI-RS patterns can be used in DwPTS for normal CP
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Figure 4: CSI-RS patterns can be used in DwPTS for extended CP
· Define new CSI-RS patterns for NCT
Since legacy PDCCH is not transmitted on NCT, the first two OFDM symbols can be used for CSI-RS transmission, assuming tracking reference signal is not transmitted in the same subframe. As an example, Figure 5 shows the additional CSI-RS patterns that can be defined for NCT. This method can be used for both normal CP and extended CP, and can be supported in DwPTS with any special subframe configurations.
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Figure 5: New CSI-RS patterns for NCT
With the above discussion, we have the following proposal:
Proposal 2: The following methods can be considered for CSI-RS enhancements in Rel-12:

· Allow CSI transmission in DwPTS with the existing CSI-RS patterns
· Define new CSI-RS patterns in the first two OFDM symbols on NCT
3 Conclusions
In this contribution, we provide our analysis on CSI-RS enhancement on NCT and have the following proposals: 
Proposal 1: CSI-RS enhancement should be considered in Rel-12.
Proposal 2: The following methods can be considered for CSI-RS enhancements in Rel-12:

· Allow CSI transmission in DwPTS with the existing CSI-RS patterns
· Define new CSI-RS patterns in the first two OFDM symbols on NCT
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