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1. Introduction
In RAN1#82bis, there was agreement on supporting ZP and NZP CSI-RS in DwPTS as below, however details are FFS:

Agreement:

· Support ZP and NZP CSI-RS with 2/4/8/12/16 ports in DwPTS

· Details FFS

In this contribution, we provide details on CSI-RS patterns in DwPTS for length 9/ 10 and 11/12 respectively for both normal CP and extended CP.
2. Discussion  
It was agreed to support ZP and NZP CSI-RS with 1/2/4/8/12/16 ports in DwPTS, however the exact pattern is yet to be agreed. In this section, we provide CSI-RS patterns in DwPTS for normal CP and extended CP. As the location of DMRS shifts according to the length of DwPTS in case of normal CP, one of the easier ways to consider for CSI-RS patterns is also by time shifting. In case of extended CP, DMRS in DwPTS is pruned from normal subframe and thus CSI-RS is also pruned. The corresponding patterns are given for normal CP and extend CP below.
Normal CP: 2, 4, 8 ports CSI-RS
Figure 1 shows the 8 ports CSI-RS patterns for DwPTS length 11, 12 and 9, 10 OFDM symbols. The CSI-RS patterns for DwPTS length 11, 12 are similar to normal subframe except for time shifting and patterns for 4 and 2 ports have nested structure as in normal DL subframe. For the DwPTS length 9, 10 OFDM symbols there 2 patterns of 8 ports CSI-RS; nested structure is maintained as in normal subframe for 4 and 2 ports CSI-RS patterns. The indexing table in 36.211 is provided in appendix.
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a) Length 11, 12 OFDM symbols                b) Length 9, 10 OFDM symbols

Figure 1: 8 ports CSI-RS design in DwPTS, normal CP
Extended CP: 2, 4, 8 ports CSI-RS
Figure 2 shows the 8 ports CSI-RS patterns for DwPTS length 9/10 and 8, where last few OFDM symbols are pruned from normal subframe. The locations of the remaining CSI-RS REs are same as in normal subframe so the indexing table in 36.211 can be reused with some indices being not applicable for CSI-RS in DwPTS. For 4 and 2 ports CSI-RS, nested structure as in normal subframe is maintained.
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a) Length 9, 10 OFDM symbols                b) Length 8 OFDM symbols

Figure 2: 8 ports CSI-RS design in DwPTS, extended CP
12 and 16  ports CSI-RS
There were some agreements and working assumptions for constructing 12 and 16 ports CSI-RS in RAN1#82bis. The discussion and agreements were mainly for normal subframe, however same principle can be applied for 12 and 16 ports CSI-RS design in DwPTS.
Another method of transmitting CSI-RS in DwPTS, in case of normal CP, is by simply using the CSI reference signal configurations which falls within the DwPTS. One drawback of this design is that since locations of DMRS REs shifts in DwPTS according to its size so the usable CSI-RS configurations is very limited, e.g. only two configurations of 8 ports can be used when DwPTS length is 11, 12 OFDM symbols.
Once the CSI-RS patterns in DwPTS are agreed, ZP CSI-RS patterns can follow the same principle as in normal subframe.

3. Conclusions
In this contribution, we discussed the remaining details of CSI-RS design in DwPTS, we have following proposal:

Proposal: For normal CP, time shifted version of CSI-RS patterns in normal subframes are used in DwPTS. For extended CP, the CSI-RS pattern in normal subframe is pruned for DwPTS.
In appendix, table 6.10.5.2-1 in 36.211 is amended to include CSI reference signal configuration for DwPTS in case of normal CP, where the same index will indicate different CSI-RS RE location in normal subframe and special subframe. Table 6.10.5.2-2 is for extended CP which doesn’t require changing, only part of the configurations are applicable for DwPTS.
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5. Appendix

Normal CP

CSI-RS patterns in special subframe are time shifted version of normal subframe. For shorter DwPTS, the CSI-RS patterns are pruned. For example, for DwPTS length 6 symbols only CSI reference signal configurations 0, 5, 10 and 11 are applicable. For DwPTS length 9, 10 symbols only CSI reference signal configurations 0, 2, 5, 7, 10, 11, 14 and 15 are applicable.
Table 6.10.5.2-1: Mapping from CSI reference signal configuration to 
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 for normal cyclic prefix. 

	
	CSI reference signal

configuration
	Number of CSI reference signals configured

	
	
	1 or 2
	4
	8


	
	
	Normal Subframe
	Special subframe
	Normal subframe
	Special subframe
	Normal subframe
	Special subframe
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	Frame structure type 1 and 2
	0
	(9,5)
	0
	(9,2)
	0
	(9,5)
	0
	(9,2)
	0
	(9,5)
	0
	(9,2)
	0

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

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

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

	
	4
	(9,5)
	1
	(9,2)
	1
	(9,5)
	1
	(9,2)
	1
	(9,5)
	1
	(9,2)
	1

	
	5
	(8,5)
	0
	(8,2)
	0
	(8,5)
	0
	(8,2)
	0
	
	
	
	

	
	6
	(10,2)
	1
	(10,5)
	0
	(10,2)
	1
	(10,5)
	0
	
	
	
	

	
	7
	(8,2)
	1
	(8,5)
	0
	(8,2)
	1
	(8,5)
	0
	
	
	
	

	
	8
	(6,2)
	1
	(6,5)
	0
	(6,2)
	1
	(6,5)
	0
	
	
	
	

	
	9
	(8,5)
	1
	(8,2)
	1
	(8,5)
	1
	(8,2)
	1
	
	
	
	

	
	10
	(3,5)
	0
	(3,2)
	0
	
	
	
	
	
	
	
	

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

	
	12
	(5,2)
	1
	(5,5)
	0
	
	
	
	
	
	
	
	

	
	13
	(4,2)
	1
	(4,5)
	0
	
	
	
	
	
	
	
	

	
	14
	(3,2)
	1
	(3,5)
	0
	
	
	
	
	
	
	
	

	
	15
	(2,2)
	1
	(2,5)
	0
	
	
	
	
	
	
	
	

	
	16
	(1,2)
	1
	(1,5)
	0
	
	
	
	
	
	
	
	

	
	17
	(0,2)
	1
	(0,5)
	0
	
	
	
	
	
	
	
	

	
	18
	(3,5)
	1
	(3,2)
	1
	
	
	
	
	
	
	
	

	
	19
	(2,5)
	1
	(2,2)
	1
	
	
	
	
	
	
	
	

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

	
	21
	(9,1)
	1
	
	(9,1)
	1
	
	
	(9,1)
	1
	
	

	
	22
	(7,1)
	1
	
	(7,1)
	1
	
	
	(7,1)
	1
	
	

	
	23
	(10,1)
	1
	
	(10,1)
	1
	
	
	
	
	
	

	
	24
	(8,1)
	1
	
	(8,1)
	1
	
	
	
	
	
	

	
	25
	(6,1)
	1
	
	(6,1)
	1
	
	
	
	
	
	

	
	26
	(5,1)
	1
	
	
	
	
	
	
	
	
	

	
	27
	(4,1)
	1
	
	
	
	
	
	
	
	
	

	
	28
	(3,1)
	1
	
	
	
	
	
	
	
	
	

	
	29
	(2,1)
	1
	
	
	
	
	
	
	
	
	

	
	30
	(1,1)
	1
	
	
	
	
	
	
	
	
	

	
	31
	(0,1)
	1
	
	
	
	
	
	
	
	
	


Extended CP

For extended CP, since the DMRS RE positions don’t shift in DwPTS, CSI-RS patterns can be pruned from normal subframe. For example, for DwPTS length 8 symbols only CSI reference signal configurations 0, 1, 4, 5, 8, 9, 10 and 11 are applicable. For DwPTS length 9, 10 symbols only CSI reference signal configurations 0, 1, 4, 5, 8, 9, 10, 11, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26 and 27 are applicable.

Table 6.10.5.2-2: Mapping from CSI reference signal configuration to 
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 for extended cyclic prefix.

	
	CSI reference signal

configuration
	Number of CSI reference signals configured

	
	
	1 or 2
	4
	8
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	Frame structure type 1 and 2
	0
	(11,4)
	0
	(11,4)
	0
	(11,4)
	0

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

	
	2
	(10,4)
	1
	(10,4)
	1
	(10,4)
	1

	
	3
	(9,4)
	1
	(9,4)
	1
	(9,4)
	1

	
	4
	(5,4)
	0
	(5,4)
	0
	
	

	
	5
	(3,4)
	0
	(3,4)
	0
	
	

	
	6
	(4,4)
	1
	(4,4)
	1
	
	

	
	7
	(3,4)
	1
	(3,4)
	1
	
	

	
	8
	(8,4)
	0
	
	
	
	

	
	9
	(6,4)
	0
	
	
	
	

	
	10
	(2,4)
	0
	
	
	
	

	
	11
	(0,4)
	0
	
	
	
	

	
	12
	(7,4)
	1
	
	
	
	

	
	13
	(6,4)
	1
	
	
	
	

	
	14
	(1,4)
	1
	
	
	
	

	
	15
	(0,4)
	1
	
	
	
	

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

	
	17
	(10,1)
	1
	(10,1)
	1
	(10,1)
	1

	
	18
	(9,1)
	1
	(9,1)
	1
	(9,1)
	1

	
	19
	(5,1)
	1
	(5,1)
	1
	
	

	
	20
	(4,1)
	1
	(4,1)
	1
	
	

	
	21
	(3,1)
	1
	(3,1)
	

1
	
	

	
	22
	(8,1)
	1
	
	
	
	

	
	23
	(7,1)
	1
	
	
	
	

	
	24
	(6,1)
	1
	
	
	
	

	
	25
	(2,1)
	1
	
	
	
	

	
	26
	(1,1)
	1
	
	
	
	

	
	27
	(0,1)
	1
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