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1. Introduction
In the RAN1#68-bis meeting, TRS was agreed for unsynchronized new carrier type as below:
- New carrier type can carry 1 RS port (consisting of the Rel-8 CRS Port 0 REs per PRB and Rel-8 sequence) within 1 subframe with 5ms periodicity

▪ This RS port is not used for demodulation

In current TDD system, CSI-RS is not transmitted in any configurations of special subframe. However, some needs for transmission of the CSI-RS in the special subframes are proposed [1]~[4].

In this contribution, we will discuss these issues and provide our views.
2. Observations and Motivations

In [5], 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 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. 

And, the UE shall assume that none of the CSI reference signals corresponding to a CSI reference signal configuration are transmitted in subframes where transmission of any of those CSI reference signals would collide with transmission of synchronization signals or PBCH.
The subframe configurations of channels and signals considered for the transmission of CSI-RS such as SIB1, paging messages, synchronization signals and PBCH are:
- SIB1: subframe #5 in every even radio frame

- Paging message

▪ FDD: subframe #9, {#4, #9} or {#0, #4, #5, #9} in one of every 1, 2, 4, 8 or 16 radio frame(s)

▪ TDD: subframe #0, {#0, #5} or {#0, #1, #5, #6} in one of every 1, 2, 4, 8 or 16 radio frame(s)

- Synchronization signals

▪ FDD: subframe {#0, #5} for PSS/SSS in every radio frame
▪ TDD: subframe {#0, #5} for SSS and subframe {#1, #6} for PSS in every radio frame

- PBCH: subframe #0 in every radio frame

In TDD, subframe #0, #1, #5 and #6 have restrictions on CSI-RS configurations by SIB1, paging messages, PSS/SSS and/or PBCH. For example, if two paging subframes (subframe #0 and #5) in every radio frame are configured, CSI-RS would not be transmitted in these paging subframes. In this example with configurations TDD UL-DL configuration 1, only one CSI-RS subframe configuration with 5ms CSI-RS periodicity could be possible, i.e., a few CSI-RS configurations having the same CSI-RS subframe configuration could be possible for NZP CSI-RS, ZP CSI-RS and/or IMR configurations. Furthermore, in this example with configurations TDD UL-DL configuration 0, there could be no available CSI-RS subframe configuration.

The available number of CSI-RS subframe configurations without restrictions by the above channels and signals is shown in Table 1 for FDD and each TDD UL-DL configuration and for each CSI-RS periodicity. According to Table 1, the number of available CSI-RS configurations for TDD is significantly less than for FDD. 
Table 1: The available number of CSI-RS subframe configurations without restrictions
	
	CSI-RS periodicity

	
	5ms
	10ms
	20ms
	40ms
	80ms

	FDD
	3
	6~7
	12~15
	24~31
	48~63

	TDD (configuration 0)
	0
	0
	0
	0
	0

	TDD (configuration 1)
	1
	2
	4
	8
	16

	TDD (configuration 2)
	2
	4
	8
	16
	32

	TDD (configuration 3)
	0
	3
	6
	12
	24

	TDD (configuration 4)
	1
	4
	8
	16
	32

	TDD (configuration 5)
	2
	5
	10
	20
	40

	TDD (configuration 6)
	0
	1
	2
	4
	8


NCT can carry 1 RS port (consisting of the Rel-8 CRS Port 0 REs per PRB and Rel-8 sequence) within 1 subframe with 5ms periodicity, and this RS port is not used for demodulation as agreed in the RAN1#68-bis meeting. Furthermore, it is agreed that CSI feedback will be based on CSI-RS in the NCT. Therefore, CSI-RS in NCT could be more important than in LCT. 
If we consider dense small cell deployments, more number of CSI-RS configurations could be needed for NZP CSI-RS, ZP CSI-RS and/or IMR configurations to avoid more serious inter-cell interference.

3. CSI-RS transmission in TDD special subframe

Therefore, CSI-RS enhancement including CSI-RS transmission in special subframes for TDD should be investigated with following alternatives:

Alt. 1: CSI-RS transmission in TDD special subframes with current CSI-RS configurations defined for normal subframe in Rel-10

- No additional specification impact 
▪ just allow CSI-RS transmission in TDD special subframes
- Total number of available CSI-RS configurations is limited as shown in Table 2 in spite of allowing CSI-RS transmission in TDD special subframes.
▪ for example, in special subframes configuration 1/2/6/7 with normal CP, only 4 (for 1 or 2 CSI-RS APs), 2 (for 4 CSI-RS APs) or 1 (for 8 CSI-RS APs) CSI-RS configuration(s) are available as described in Figure 1, i.e., the total number of available CSI-RS configurations is reduced as 1/8
▪ in special subframes configuration 0/5/9 with normal CP and in special subframes configuration 0/4/7 with extended CP, there is no available CSI-RS configuration although CSI-RS transmission is allowed in TDD special subframes
Table 2: The total number of available number of CSI-RS configurations with Alt. 1
	Case
	1 or 2 APs
	4 APs
	8 APs

	normal

CP
	normal subframe
	32
	16
	8

	
	special subframe configuration 3/4/8
	16
	6
	3

	
	special subframe configuration 1/2/6/7
	4
	2
	1

	
	special subframe configuration 0/5/9
	0
	0
	0

	Extended

CP
	normal subframe
	28
	14
	7

	
	special subframe configuration 2/3/6
	20
	10
	5

	
	special subframe configuration 1/5
	8
	4
	2

	
	special subframe configuration 0/4/7
	0
	0
	0
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Figure 1: available CSI-RS configurations with Alt. 1 in special subframe configuration 1/2/6/7 (normal CP)

Alt. 2: Additional new CSI-RS configurations 

- In addition to current 32 cases of CSI-RS configurations defined in Rel-10, new CSI-RS configurations is further defined.
▪ for example, in the REs used for control region and/or CRS transmission
        ▪ additional new CSI-RS configurations could be common regardless of special subframe configuration type
- Large speciation impact 
▪ including change of signaling bits to indicate CSI-RS configurations
Alt. 3: CSI-RS transmission in TDD special subframes with modified CSI-RS configurations 

- Without introduction of new CSI-RS configurations, current Rel-10 CSI-RS configurations for normal subframe are modified in TDD special subframes.

▪ for each CSI-RS configuration, an index of OFDM symbol mapped for CSI-RS transmission could be moved in TDD special subframe
- Small (or middle) speciation impact 
▪ only an index of OFDM symbol allocated for each CSI-RS configuration is changed
Proposal 1: 

The CSI-RS enhancement including CSI-RS transmission in TDD special subframes should be investigated with following alternatives.
- Alt 1: CSI-RS transmission in TDD special subframes with current CSI-RS configurations defined for normal subframe in Rel-10

- Alt 2: Additional new CSI-RS configurations 
- Alt 3: CSI-RS transmission in TDD special subframes with modified CSI-RS configurations
4. Conclusion
In this contribution, we discussed the issues on CSI-RS in TDD special subframe with following our proposals:

Proposal 1: 

The CSI-RS enhancement including CSI-RS transmission in TDD special subframes should be investigated with following alternatives.
- Alt 1: CSI-RS transmission in TDD special subframes with current CSI-RS configurations defined for normal subframe in Rel-10

- Alt 2: New CSI-RS configurations 
- Alt 3: CSI-RS transmission in TDD special subframes with modified CSI-RS configurations
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