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1 Motivations to increase CSI-RS capacity
CSI-RS was introduced in Rel-10 when downlink transmission mode 9 was introduced, for the purpose of CSI feedback. Both non-zero-power CSI-RS and zero-power CSI were supported, where non-zero-power CSI-RS is for UE to measure the channel state information and zero-power CSI can be configured to improve the channel estimation accuracy. The Rel-11 CoMP feature also heavily relies on CSI-RS. In addition to non-zero-power CSI-RS and zero-power CSI-RS, CSI-IM was also defined for Rel-11 CoMP, i.e. downlink transmission mode 10. Any CSI-IM must be covered by a zero-power CSI-RS configuration. In order to provide different interference hypothesis and CSI for multiple transmission points, a UE in downlink transmission mode 10 can be configured up to 3 non-zero-power CSI-RS and up to 4 zero-power CSI-RS. 
In Rel-12 small cell physical layer enhancement, discovery signal was supported, in which CSI-RS can be part of the discovery signal. The current agreement is that the duration of a discovery signal occasion can be up to 5 subframe [1]. It is agreed that a UE can be configured with up to 5 zero-power CSI-RS in one discovery signal duration of 5 ms, such that sufficient muting can be provided to improve the measurement accuracy using the CSI-RS discovery signal. Obviously, this translates to higher demand of available orthogonal CSI-RS resources within 5ms. Furthermore, CSI-RS multiplexing capacity is expected to be even more critical in further denser/hyper-dense small cell deployments.

The current CSI-RS multiplexing capacity [2] is illustrated in Table 1. It is noted that the CSI-RS multiplexing capacity is limited for the UL-heavy TDD UL/DL configurations. 
Observation: The current CSI-RS multiplexing capacity for TDD is limited 
Table 1: CSI-RS multiplexing capacity within 5ms, normal CP, port 15 only
	TDD UL/DL configuration
	Number of orthogonal CSI-RS within 5ms

	
	First half of a radio frame
	Second half of a radio frame

	0
	4
	16

	1
	24
	36

	2
	44
	56

	3
	4
	96

	4
	24
	96

	5
	44
	96

	6
	4
	36


Note: The CSI-RS multiplexing capacity within 5ms for FDD is 84 and 96 for the first and second half of a radio frame respectively.
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Figure 1: 16 orthogonal CSI-RS configuration in DwPTS of 12 OFDM symbols, normal CP
2 Proposals to support CSI-RS in DwPTS
While the current specification does not support CSI-RS in DwPTS, it is believed that supporting CSI-RS in DwPTS is a cost-effective way to increasing the CSI-multiplexing capacity, by including additional CSI-RS configurations. An example is provided in Figure 1, where 16 orthogonal CSI-RS configurations can be provided within DwPTS of 12 OFDM symbols for normal CP. The additional orthogonal CSI-RS configurations can be different for different DwPTS durations. It is noted that the additional CSI-RS configuration does not need to change the CSI-RS itself. Only additional CSI-RS RE mapping configurations need to be specified. Therefore, we have the following proposals:

Proposal 1: RAN to initiate the work on the support of CSI-RS in DwPTS in early stage of Rel-13.
Proposal 2: RAN to consider early implementation of CSI-RS in DwPTS in Rel-12 specifications.
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