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1. Introduction

In RAN1 #82bis meeting [3], the following agreement on support of CSI-RS in DwPTS has been reached:
· Support ZP and NZP CSI-RS with 2/4/8/12/16 ports in DwPTS

· Details FFS

In this contribution, we discuss the details of CSI-RS resource design and configuration in DwPTS.  The details include CSI-RS pattern design and CSI-RS configuration for DwPTS.
2. CSI-RS resource design in DwPTS 

DwPTS has fewer OFDM symbols than normal subframe.  There are 10 special subframe configurations for Normal CP (NCP) and 8 special subframe configurations for extended CP (ECP).  Number of OFDM symbols in each case is shown in table 1.
Table 1:  Number of OFDM Symbols in DwPTS

	Special subframe configuration
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	OFDM Symbol Num for Normal CP
	3
	9
	10
	11
	12
	3
	9
	10
	11
	12

	OFDM Symbol Num for Extended CP
	3
	8
	9
	10
	3
	8
	9
	10
	
	


For the cases with only 3 OFDM symbols (i.e. config 0 and 5 for NCP, config 0 and 4 for ECP), it is not reasonable to support CSI-RS as resources are very limited.  

Proposal 1:   CSI-RS is not supported for special subframe config {0,5} for NCP and special subframe config {0,4} for ECP.
To discuss about the CSI-RS resource configuration design in DwPTS with different special subframe configurations, we categorize DwPTS into 3 categories as shown in the Table 2 below.

Table 2:  Three categories of CSI-RS transmission in DwPTS
	Category
	Number of OFDM symbols
	Special subframe config

	NCP DwPTS{1,2,6,7}
	9 - 10
	Config 1,2,6,7 for NCP

	NCP DwPTS{3,4,8,9}
	11 - 12
	Config 3,4,8,9 for NCP

	ECP DwPTS {1,2,3,5,6,7}
	8 - 10 
	Config 1,2,3,5,6,7 for ECP


We can design CSI-RS resource configuration in DwPTS in the similar manner with that in normal subframe.  Figure 1 gives CSI-RS resource configuration design in Frame structure 1 and 2 for normal CP.  Figure 1a is for normal subframe where there are 6 OFDM symbols for CSI-RS and 5 8-port CSI-RS configurations. Figure 1b is for NCP DwPTS{1,2,6,7}, where there are 4 OFDM symbols for CSI-RS and 2 8-port CSI-RS configurations. Figure 1c is NCP DwPTS{3,4,8,9}, where there are 6 OFDM symbols for CSI-RS and 5 8-port CSI-RS configurations.
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Fig.1: CSI-RS resource configuration in Frame structure 1 and 2 for normal CP
Figure 2 gives CSI-RS resource configuration design in Frame structure 2 only (with consideration of port 5 for TDD) for normal CP. Figure 2a is for normal subframe, where there are 2 OFDM symbols for CSI-RS and 3 8-port CSI-RS configurations. Figure 2b is for NCP DwPTS{1,2,6,7}, where there are 2 OFDM symbols for CSI-RS and 3 8-port CSI-RS configurations. Figure 2c is NCP DwPTS{3,4,8,9}, where there are 2 OFDM symbols for CSI-RS and 3 8-port CSI-RS configurations.
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Fig.2: CSI-RS resource configuration in Frame structure 2 only for normal CP
Figure 3 gives CSI-RS resource configuration design in Frame structure 1 and 2 for extended CP. Figure 3a is for normal subframe, where there are 4 OFDM symbols for CSI-RS and 4 8-port CSI-RS configurations. Figure 3b is for ECP DwPTS{1,2,3,5,6,7}, where there are 2 OFDM symbols for CSI-RS and 2 8-port CSI-RS configurations. 
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Fig.3: CSI-RS resource configuration in Frame structure 1 and 2 for extended CP
Figure 4 gives CSI-RS resource configuration design in Frame structure 2 only (with consideration of port 5 for TDD) for extended CP. Figure 4a is for normal subframe, where there are 2OFDM symbols for CSI-RS and 3 8-port CSI-RS configurations. Figure 4b is for ECP DwPTS{1,2,3,5,6,7}, where there are 2 OFDM symbols for CSI-RS and 2 8-port CSI-RS configurations.
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Fig.4: CSI-RS resource configuration in Frame structure 2 only for extended CP

Table 3 summarizes the details about the number of OFDM symbols for CSI-RS and the number of 8-port CSI-RS configurations for normal CP. Table 4 shows the details about the number of OFDM symbols for CSI-RS and the number of CSI-RS configurations for extended CP.
Table 3: Number of OFDM symbols for CSI-RS and the number of 8-port CSI-RS configurations for normal CP

	
	Frame structure 1 and 2
	 Frame structure 2 only

	
	Number of OFDM symbols for CSI-RS
	Number of CSI-RS configurations
	Number of OFDM symbols for CSI-RS
	Number of CSI-RS configurations

	NCP DwPTS{1,2,6,7}
	4
	2
	2
	3

	NCP DwPTS{3,4,8,9}
	6
	5
	2
	3

	normal subframe
	6
	5
	2
	3


Table 4: Number of OFDM symbols for CSI-RS and the number of 8-port CSI-RS configurations for extended CP
	
	Frame structure 1 and 2
	in Frame structure 2 only

	
	Number of OFDM symbols for CSI-RS
	Number of CSI-RS configurations
	Number of OFDM symbols for CSI-RS
	Number of CSI-RS configurations

	ECP DwPTS{1,2,3,5,6,7}
	2
	2
	2
	2

	normal subframe
	4
	4
	2
	3


Proposal 2：Adopt the CSI-RS design on DwPTS in figures1-4.
3. CSI-RS resource configuration in DwPTS 
There are 2 cases for CSI-RS transmission in DwPTS.
Case1 - All the CSI-RS transmissions in one CSI-RS configuration are in DwPTS
Case2 - Half of CSI-RS transmission is in DwPTS and another half is in normal subframes for TDD config 3,4,5 
Case2 happens when 5ms CSI-RS is configured in TDD config 3,4,5 which only have one special subframe in 10ms.
According to CSI-RS resource configuration design in DwPTS in section 2, we give the corresponding relationship between in DwPTS and in normal subframe for normal CP in Table 4, and that for extended CP in Table 5.
Table 4:  CSI-RS resource configuration for normal CP
	
	CSI reference signal

configuration
	Number of CSI reference signals configured

	
	
	NCP DwPTS{1,2,6,7}
	NCP DwPTS{3,4,8,9}
	normal subframe
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	Frame structure type 1 and 2
	0
	(9,2)
	0
	(9,2)
	0
	(9,5)
	0

	
	1
	
	
	(11,5)
	0
	(11,2)
	1

	
	2
	
	
	(9,5)
	0
	(9,2)
	1

	
	3
	
	
	(7,5)
	0
	(7,2)
	1

	
	4
	(9,5)
	0
	(9,10)
	1
	(9,5)
	1

	Frame structure type 2 only
	20
	(11,5)
	0
	(11,1)
	1
	(11,1)
	1

	
	21
	(9,5)
	0
	(9,1)
	1
	(9,1)
	1

	
	22
	(7,5)
	0
	(7,1)
	1
	(7,1)
	1

	
	
	
	
	
	
	
	


Table 5:  CSI-RS resource configuration for extended CP

	
	CSI reference signal

configuration
	Number of CSI reference signals configured

	
	
	ECP DwPTS{1,2,3,5,6,7}
	normal subframe
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	Frame structure type 1 and 2
	0
	(11,4)
	0
	(11,4)
	0

	
	1
	(9,4)
	0
	(9,4)
	0

	
	2
	
	
	(10,4)
	1

	
	3
	
	
	(9,4)
	1

	
	
	
	
	
	

	Frame structure type 2 only
	16
	(11,4)
	0
	(11,1)
	1

	
	17
	
	
	(10,1)
	1

	
	18
	(9,4)
	0
	(9,1)
	1

	
	
	
	
	
	


Proposal 3:  One CSI-RS configuration can cover CSI-RS transmission in both normal subframe and DwPTS for TDD config 3,4,5 when 5ms CSI-RS is configured.  Each CSI-RS resource configuration in DwPTS should have the corresponding CSI-RS resource configuration in normal subframe.
4. Conclusion

In this contribution, we discuss CSI-RS resource design and configuration in DwPTS. Our proposals are summarized as below:
Proposal 1:   CSI-RS is not supported for special subframe config {0,5} for NCP and special subframe config {0,4} for ECP.
Proposal 2:  Adopt the CSI-RS design on DwPTS in figures1-4. 
Proposal 3:  One CSI-RS configuration can cover transmission in both normal subframe and DwPTS for TDD config 3,4,5 when 5ms CSI-RS is configured.  Each CSI-RS resource configuration in DwPTS should have the corresponding CSI-RS resource configuration in normal subframe.
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