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In RAN1#82bis meeting, agreement on CSI-RS transmission in DwPTS was drawn:
Agreements:
· Support ZP and NZP CSI-RS with 2/4/8/12/16 ports in DwPTS
· Details FFS
[bookmark: _GoBack]
According to the agreement above, this contribution proposes details on how to configure ZP and NZP CSI-RS in DwPTS for both normal CP and extended CP cases.

CSI-RS RE candidates with normal CP
Since it is not possible to map CSI-RS resource with larger than 8 ports in Subframe #0 of frame structure type 2 [1], flexibility for CSI-RS configuration can be significantly restricted in some uplink-downlink configuration. For instance, Subframe #5 is the only one that can be configured with 12- or 16-port CSI-RS in uplink-downlink configuration 0. In this case, a network consisting of Rel.13 eNBs that configure class A CSI reporting will suffer from high level of CSI-RS interference induced from low reuse factor of CSI-RS. Therefore, CSI-RS transmission in DwPTS might be a help for the network with such kind of uplink-heavy situation.
The length of DwPTS can be varied according to the configuration of special subframe, which is given by Table 4.2-1 in [2]. Table 4.2-1 represents that for normal CP the length of DwPTS is given by one of the following six options: 
1) Three OFDM symbols for special subframe configuration 0 and 5, 
2) Six OFDM symbols for special subframe configuration 9, 
3) Nine OFDM symbols for special subframe configuration 1 and 6, 
4) Ten OFDM symbols for special subframe configuration 2 and 7, 
5) Eleven OFDM symbols for special subframe configuration 3 and 8,
6) Twelve OFDM symbols for special subframe configuration 4. 
Given that in Subframe #1 and #6 of frame structure type 2 we have up to two OFDM symbols for PDCCH and the third OFDM symbol is used for PSS, there are no OFDM symbols to map CSI-RS for special subframe configuration 0 and 5 for normal CP. 
Let us discuss other special subframe configurations than 0 and 5. Considering the variable length of DwPTS, there are two types of DMRS RE mapping patterns in DwPTS. Figure 1 describes examples of RE mapping in DwPTS according to the special subframe configuration for normal CP. As depicted in Figure 1(a), we have all DMRS REs in the slot 0 of special subframe for special subframe configuration 1, 2, 6, or 7. In this case, possible CSI-RS REs may be 16 REs represented by A0, A1, B0, …,  D1 in Figure 1(a), if we follow legacy CSI-RS RE mapping rules such as equally spaced and nested patterns for 2-/4-/8-port CSI-RS. On the other hands, we have DMRS REs in the third and fourth OFDM symbols of slot 0 and slot 1 for special subframe configuration 3, 4, 8, or 9. In this case, possible CSI-RS REs may be 40 REs represented by A0, A1, B0, …, K1 in Figure 1(b). However, since we have PSS in the third OFDM symbol in the slot 0 of DwPTS as aforementioned, 8 REs indicated by A0, A1, B0, and B1 in both Figure 1(a) and 1(b) cannot be used to transmit CSI-RS in DwPTS. Note that for normal CP, no REs are available for CSI-RS transmission with special subframe configuration 9, since the number of OFDM symbols in DwPTS is 6 in this case.
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Figure 1. CSI-RS RE candidates in DwPTS for normal CP
Consequently, following observations are available for normal CP:
Observation 1: In DwPTS with normal CP:
· For special subframe configuration 1, 2, 6 or 7, up to 8 REs can be used for CSI-RS mapping.
· For special subframe configuration 3, 4, or 8, up to 32 REs can be used for CSI-RS mapping.
· For special subframe configuration 0, 5, or 9, no REs can be used for CSI-RS mapping.

Based on the observations above, we propose Table 1 to configure CSI-RS RE mapping in DwPTS for normal CP.
Proposal 1: Use Table 1 to configure CSI-RS mapping in DwPTS for normal CP.


Table 1. Mapping from CSI reference signal configuration to  for normal cyclic prefix
	
	CSI reference signal
configuration
	Number of CSI reference signals configured

	
	
	1 or 2
	4
	8

	
	
	

	

	

	

	

	


	Special subframe, configuration 1, 2, 3, 4, 6, 7, or 8
	0
	(9,5)
	0
	(9,5)
	0
	(9,5)
	0

	
	1
	(8,5)
	0
	(8,5)
	0
	
	

	
	2
	(3,5)
	0
	
	
	
	

	
	3
	(2,5)
	0
	
	
	
	

	Special subframe, configuration 3, 4, or 8
	4
	(11,5)
	0
	(11,5)
	0
	(11,5)
	0

	
	5
	(7,5)
	0
	(7,5)
	0
	(7,5)
	0

	
	6
	(9,2)
	1
	(9,2)
	1
	(9,2)
	1

	
	7
	(10,5)
	0
	(10,5)
	0
	
	

	
	8
	(6,5)
	0
	(6,5)
	0
	
	

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

	
	10
	(5,5)
	0
	
	
	
	

	
	11
	(4,5)
	0
	
	
	
	

	
	12
	(1,5)
	0
	
	
	
	

	
	13
	(0,5)
	0
	
	
	
	

	
	14
	(3,2)
	1
	
	
	
	

	
	15
	(2,2)
	1
	
	
	
	



CSI-RS RE candidates with extended CP
Table 4.2-1 in [2] also represents that the length of DwPTS for extended CP is given by one of the following five options: 
1) Three OFDM symbols for special subframe configuration 0 and 4, 
2) Five OFDM symbols for special subframe configuration 7, 
3) Eight OFDM symbols for special subframe configuration 1 and 5, 
4) Nine OFDM symbols for special subframe configuration 2 and 6, 
5) Ten OFDM symbols for special subframe configuration 3. 
For the same reason for normal CP case, no OFDM symbols are available for mapping CSI-RS for special subframe configuration 0 and 4 for extended CP. 
Other special subframe configurations than 0 and 4 can support PDSCH transmission in DwPTS for extended CP. Figure 2 describes an example of RE mapping in DwPTS according to the special subframe configuration for extended CP. In contrast with normal CP case, we have a single DMRS RE pattern for subframe configuration 1, 2, 3, 5, or 6, which is represented by green coloured REs in Figure 2. Therefore, possible CSI-RS REs may be 16 REs represented by A0, A1, B0, …,  D1 in Figure 2, if we follow legacy CSI-RS RE mapping rules for extended CP. Note that for extended CP, there is no RE for CSI-RS transmission with special subframe configuration 7, since the number of OFDM symbols in DwPTS is 5 in this case.
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Figure 2. CSI-RS RE candidates in DwPTS for extended CP
Consequently, following observations are available for extended CP:
Observation 2: In DwPTS with extended CP:
· For special subframe configuration 1, 2, 3, 5, or 6, up to 16 REs can be used for CSI-RS mapping.
· For special subframe configuration 0, 4, or 7, no REs can be used for CSI-RS mapping.
Based on the observations above, we propose Table 2 to configure CSI-RS in DwPTS for extended CP.
Proposal 2: Use Table 2 to configure CSI-RS mapping in DwPTS for extended CP.


Table 2. Mapping from CSI reference signal configuration to  for extended cyclic prefix
	
	CSI reference signal
configuration
	Number of CSI reference signals configured

	
	
	1 or 2
	4
	8

	
	
	

	

	

	

	

	


	Special subframe, configuration 1, 2, 3, 5, or 6
	0
	(11,4)
	0
	(11,4)
	0
	(11,4)
	0

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

	
	2
	(5,4)
	0
	(5,4)
	0
	
	

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

	
	4
	(8,4)
	0
	
	
	
	

	
	5
	(6,4)
	0
	
	
	
	

	
	6
	(2,4)
	0
	
	
	
	

	
	7
	(0,4)
	0
	
	
	
	



CSI-RS configuration for class A CSI reporting
In RAN1#82bis meeting, agreement on aggregation of 2-/4-/8-port CSI-RS resource was drawn to support class A CSI reporting with 12- or 16-port CSI-RS for CDM-2. It is obvious that we can adopt same rules to configure 12- or 16-port CSI-RS with CDM-4 in DwPTS based on the Table 1 or Table 2. In case of CDM-4, one can find how to configure 12- or 16-port CSI-RS for normal subframe in our companion contribution [3]. The same methodology in [3] can be used to configure 12- or 16-port CSI-RS with CDM-4 in DwPTS.
Proposal 3: Based on the Table 1 or Table 2, use same rules with normal subframe to configure 12- or 16-port CSI-RS in DwPTS.

ZP CSI-RS configuration in DwPTS
Legacy 16-bit bitmap for ZP CSI-RS configuration is also applicable for ZP CSI-RS in DwPTS, since the number of available CSI-RS configurations for DwPTS is less than that for normal subframes. If ZP CSI-RS is configured in DwPTS, for each bit set to one in the 16-bit bitmap, the UE shall assume zero transmission power for the resource elements corresponding to the four CSI reference signal column in Tables 1 and 2 for normal and extended cyclic prefix, respectively, except for resource elements that overlap with those for which the UE shall assume non-zero transmission power CSI-RS as configured by higher layers. The most significant bit corresponds to the lowest CSI reference signal configuration index and subsequent bits in the bitmap correspond to configurations with indices in increasing order.
Observation 3: Legacy 16-bit bitmap for ZP CSI-RS configuration is also applicable for ZP CSI-RS in DwPTS according to Table 1 or Table 2.

Conclusions
In this contribution, we discussed remaining issues on CSI-RS transmission in DwPTS. Based on the discussion, following observations and proposals are drawn:
Observation 1: In DwPTS with normal CP:
· For special subframe configuration 1, 2, 6 or 7, up to 8 REs can be used for CSI-RS mapping.
· For special subframe configuration 3, 4, or 8, up to 32 REs can be used for CSI-RS mapping.
· For special subframe configuration 0, 5, or 9, no REs can be used for CSI-RS mapping.
Proposal 1: Use Table 1 to configure CSI-RS in DwPTS for normal CP.
Observation 2: In DwPTS with extended CP:
· For special subframe configuration 1, 2, 3, 5, or 6, up to 16 REs can be used for CSI-RS mapping.
· For special subframe configuration 0, 4, or 7, no REs can be used for CSI-RS mapping.
Proposal 2: Use Table 2 to configure CSI-RS in DwPTS for extended CP.
Proposal 3: Based on the Table 1 or Table 2, use same rules with normal subframe to configure 12- or 16-port CSI-RS in DwPTS.
Observation 3: Legacy 16-bit bitmap for ZP CSI-RS configuration is also applicable for ZP CSI-RS in DwPTS according to Table 1 or Table 2.
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