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1. Introduction
Two types of RS such as CSI-RS and DM-RS are agreed to be used for the measurement and demodulation purposes, respectively. Many aspects of CSI-RS have been extensively discussed in the previous meetings. In this contribution, we bring forward the CSI-RS design aspects concerning the consistency in frame structure type 1 and type 2.

In this contribution, we first review the frame structure type 1 and 2, and analyze the aspects of CSI-RS design in frame structure type 1 and 2. Then, CSI-RS Pattern over multiple PRBs and subframes are discussed. Finally, for the purpose of further progress and consistent CSI-RS design in both frame structure types, some suggestions on CSI-RS design are proposed.
2. CSI-RS design in frame structure type 1 and 2
Frame structure type 1 and type 2 are shown in Figure 1 and 2. In case of frame structure type 2, the UL/DL configurations are shown in Table 1.

So far, a periodic CSI-RS transmission with configurable periodicities is the common consensus for the CSI-RS design. However, the topic about the CSI-RS transmission in single subframe or multiple subframes is still under discussions. Concerning the CSI-RS transmission in single subframe or multiple subframes, the following aspects should also be taken into discussions:
CSI-RS transmission in single subframe:

When CSI-RS for all antenna ports are transmitted in single subframe, signaling of suitable CSI-RS periodicity and subframe index, which are decided by eNodeB depending on the frame structures and frame structure configurations, should be enough for both TDD and FDD systems to measure the channel.  
· Explicit signaling of subframe index: In both frame structures type 1 and 2, feasible subframe index and periodicity for CSI-RS transmission are decided and broadcasted by eNodeB. In this case, for frame structures type 1 and type 2, the same CSI-RS design can be easily made. Furthermore, the signaling overhead can be reduced by combined design between the signaling of subframe index and periodicity for the CSI-RS transmission.
· Implicit signaling of subframe index: In this case, only the signaling about CSI-RS transmission periodicity needs to be broadcasted by eNodeB, the subframe index is typically bonded to the Cell-ID. However, due to the different presence (or absence) of the DL subframes in different frame structures and frame structure configurations, a simple bonding is not feasible for consistent CSI-RS design. Considering CSI-RS transmitted in multiple subframes, the bonding is even more complex.
CSI-RS transmission in multiple subframes:
In this case, antenna ports are separated into multiple groups and different groups are mapped onto different subframes. There may be the three ways to design consistent CSI-RS transmission scheme:   
· First, signaling of suitable CSI-RS periodicity and multiple subframes indices, which are decided in eNodeB side depending on the frame structures and frame structure configurations, is broadcasted in the cell. Based on the broadcasted CSI-RS periodicity and multiple subframes indices, UE can measure the channel corresponding to different antenna ports arranged in different subframes.

· Second, a straightforward improvement of the first method is using a predefined look-up-table to make suitable arrangement of the DL subframes in which CSI-RS of antenna ports from different group can be transmitted. In this case, signaling of CSI-RS periodicity and the index of elements in look-up-table is broadcasted in the cell. Based on the predefined look-up-table and the received CSI-RS periodicity and the index of elements in look-up-table, UEs can measure the channel. 

· Third, signaling of CSI-RS periodicity, subframe index and subframe offset are broadcasted in the cell. Based on the received CSI-RS periodicity and subframe index, UEs can receive the CSI-RS from some antenna ports. Based on the subframe offset and the subframe in which the CSI-RS of these antenna ports are transmitted, UEs can receive the CSI-RS from the rest antenna ports of eNodB.

For the first method, when compared with the scheme that CSI-RS for all antenna ports is transmitted in single subframe, signaling overhead will be incurred. For the last two methods, much overhead will be incurred by the design of look-up-table (for the second method) or subframe offsets (for the third method) to accommodate different frame structures and frame structure configurations. Correspondingly, extra signaling overheads will be incurred.
Furthermore, mismatch between different antenna ports measured in different subframes will also cause performance degradation.   
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Figure 1 frame structure type 1, for FDD
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Figure 2 frame structure type 2, for TDD

Table 1 UL/DL configurations for TDD.

	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


3. Considerations on CSI-RS Pattern

To avoid the collision with CRS/DRS and possible DM-RS, the available resource for CSI-RS is very limited.  In order to accommodate enough cells’ CSI-RS transmission, CSI-RS Pattern over multiple PRBs and subframes has been discussed in previous meetings. As discussed in the previous section, CSI-RS Pattern over subframes that is CSI-RS transmission in multiple subframes has some drawbacks and difficult for consistent CSI-RS design in both frame structure types. However, taking the granularities of CQI/PMI/RI into considerations, CSI-RS Pattern over multiple PRBs seems attractive for LTE-A.

4. Multiplexing of CSI-RS

So far, two main multiplexing schemes of CSI-RS (i.e. FDM and CDM) are widely discussed [5-8]. The detailed performance comparison between CDM-based CSI-RS and FDM-based CSI-RS had been presented in [7-8], and the CDM-based CSI-RS shows the following advantages:

· Since much denser CSI-RS can be placed in frequency domain, fine frequency selectivity can be captured for every port.

· Since multiple antenna ports can be distinguished through phase shifts of the orthogonal sequence (e.g. ZC sequence), the RS overhead can be limited.

· Due to the lower overhead and more precise channel measurement, the performance degradation of Rel-8 PDSCH will be limited and at the same time the quality of channel measurement for Rel-10 UE is still guaranteed.
5. Conclusions
In this contribution, we discuss the aspects concerning the easy and consistent CSI-RS design in frame structure types 1 and 2. Based on the above discussions, we prefer:

· The CSI-RS for all antenna ports may be arranged in single subframe or multiple subframes. However, taking consistency between FDD and TDD into consideration, the CSI-RS arranged in single subframe is preferable.
· CSI-RS Pattern over multiple PRBs should be FFS.

· Both CDM-based and FDM-based CSI-RS multiplexing schemes shall be investigated further. Considering the less impact on performance of Rel-8 PDSCH, and lower overhead with CDM-based CSI-RS, we suggest the CDM-based CSI-RS for LTE-A.
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