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1. Introduction

At the RAN1#62 meeting, the signaling to support CSI-RS was discussed and one way forward [1] was agreed upon. In this contribution, we present our views regarding the following remaining aspects of CSI-RS parameters and signaling. 

· CSI-RS configuration
· Necessity of additional duty cycle
· Definition of power offset , which is used to control UE assumption on reference PDSCH transmitted power for CSI feedback
2. CSI-RS Configuration
In the current endorsed CR [2], the CSI-RS configuration was captured in blank Table 6.10.5.2-1 for the normal cyclic prefix (CP), and Table 6.10.5.2-2 for extended CP, respectively. The details regarding the table are discussed in this section. 
Figures 1(a) and 1(b) show the configurable CSI-RS for common FS-1 and FS-2, and FS-2 only, respectively. The CSI-RS in the 9th and 10th OFDM symbols, i.e., Region B, should be given priority. Furthermore, the CSI-RS in the 8th and 10th OFDM symbols for FS-2 only, i.e., Region D, should be reprioritized since it is only used for FS-2. Therefore, numbering of CSI-RS should be in order from Region B, A, C, and D. 
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(a) Common FS-1 and FS-2                           (b) FS-2 only
Figure 1 – Configurable CSI-RS
Furthermore, in order to index the CSI-RS configuration for 2, 4, and 8 CSI-RS ports, there is one alternative using a nested structure as shown in Fig. 2.  
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Figure 2 – Indexing based on nested structure (normal CP)
Figure 3(a) shows the CSI-RS configuration for 2, 4, and 8 CSI-RS ports using consecutive indexes for nested structures.  Furthermore, Figs 3(b) and 3(c) show the index without considering the nested structure. In the method in Fig. 3(b), the index is numbered in the frequency domain. In the method in Fig. 3(c), the frequency location of CSI-RS configuration 0, 1, 2,… is set to be equally spaced for the 2/4/8 CSI-RS ports, although this feature may not be required. Finally, Table I shows the mapping table for the normal CP. The CSI-RS configuration and mapping table for the extended CP are described in the Appendix.
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(a) Consecutive indexes for nested structure

[image: image5.png]1
10

8CSIRS
Main pattern (Same as FS1)
012345678910111213

__mmlk
2
__mmlk
2

Additional pattern
7891011

1
10

4CSIRS
Main pattern (Same as FS1)
012345678910111213

Additional pattern
7891011

1
10

2CSIRS
Main pattern (Same as FS1) Additional pattern
012345678910111213 7891011





(b) Indexes without considering nested structure (simple ordering)
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 (c) Indexes without considering nested structure (equal spacing)
Figure 3 – CSI-RS configuration for normal CP
Table I – Mapping table for normal CP
	
	
	Consecutive indexes 
for nested structure
	Indexes without considering nested structure (Simple ordering)
	Indexes without considering nested structure (Equal spacing)

	
	#No. of CSI-RS configured
	2
	4
	8
	2
	4
	8
	2
	4
	8

	
	CSI-RS Configuration
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	Frame structure type 1 and 2
	0
	(11,2)
	1
	(11,2)
	1
	(11,2)
	1
	(11,2)
	1
	(11,2)
	1
	(11,2)
	1
	(11,2)
	1
	(11,2)
	1
	(11,2)
	1

	
	1
	(5,2)
	1
	(10,2)
	1
	(9,2)
	1
	(10,2)
	1
	(10,2)
	1
	(9,2)
	1
	(7,2)
	1
	(9,2)
	1
	(9,2)
	1

	
	2
	(10,2)
	1
	(9,2)
	1
	(7,2)
	1
	(9,2)
	1
	(9,2)
	1
	(7,2)
	1
	(3,2)
	1
	(7,2)
	1
	(7,2)
	1

	
	3
	(4,2)
	1
	(8,2)
	1
	(9,5)
	0
	(8,2)
	1
	(8,2)
	1
	(9,5)
	0
	(9,2)
	1
	(10,2)
	1
	(9,5)
	0

	
	4
	(9,2)
	1
	(7,2)
	1
	(9,5)
	1
	(7,2)
	1
	(7,2)
	1
	(9,5)
	1
	(5,2)
	1
	(8,2)
	1
	(9,5)
	1

	
	5
	(3,2)
	1
	(6,2)
	1
	
	
	(6,2)
	1
	(6,2)
	1
	
	
	(1,2)
	1
	(6,2)
	1
	
	

	
	6
	(8,2)
	1
	(9,5)
	0
	
	
	(5,2)
	1
	(9,5)
	0
	
	
	(10,2)
	1
	(9,5)
	0
	
	

	
	7
	(2,2)
	1
	(8,5)
	0
	
	
	(4,2)
	1
	(8,5)
	0
	
	
	(6,2)
	1
	(8,5)
	0
	
	

	
	8
	(7,2)
	1
	(9,5)
	1
	
	
	(3,2)
	1
	(9,5)
	1
	
	
	(2,2)
	1
	(9,5)
	1
	
	

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

	
	10
	(6,2)
	1
	
	
	
	
	(1,2)
	1
	
	
	
	
	(4,2)
	1
	
	
	
	

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

	
	12
	(9,5)
	0
	
	
	
	
	(9,5)
	0
	
	
	
	
	(9,5)
	0
	
	
	
	

	
	13
	(3,5)
	0
	
	
	
	
	(8,5)
	0
	
	
	
	
	(3,5)
	0
	
	
	
	

	
	14
	(8,5)
	0
	
	
	
	
	(3,5)
	0
	
	
	
	
	(8,5)
	0
	
	
	
	

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

	
	16
	(9,5)
	1
	
	
	
	
	(9,5)
	1
	
	
	
	
	(9,5)
	1
	
	
	
	

	
	17
	(3,5)
	1
	
	
	
	
	(8,5)
	1
	
	
	
	
	(3,5)
	1
	
	
	
	

	
	18
	(8,5)
	1
	
	
	
	
	(3,5)
	1
	
	
	
	
	(8,5)
	1
	
	
	
	

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

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

	
	21
	(5,1)
	1
	(10,1)
	1
	(9,1)
	1
	(10,1)
	1
	(10,1)
	1
	(9,1)
	1
	(7,1)
	1
	(9,1)
	1
	(9,1)
	1

	
	22
	(10,1)
	1
	(9,1)
	1
	(7,1)
	1
	(9,1)
	1
	(9,1)
	1
	(7,1)
	1
	(3,1)
	1
	(7,1)
	1
	(7,1)
	1

	
	23
	(4,1)
	1
	(8,1)
	1
	
	
	(8,1)
	1
	(8,1)
	1
	
	
	(9,1)
	1
	(10,1)
	1
	
	

	
	24
	(9,1)
	1
	(7,1)
	1
	
	
	(7,1)
	1
	(7,1)
	1
	
	
	(5,1)
	1
	(8,1)
	1
	
	

	
	25
	(3,1)
	1
	(6,1)
	1
	
	
	(6,1)
	1
	(6,1)
	1
	
	
	(1,1)
	1
	(6,1)
	1
	
	

	
	26
	(8,1)
	1
	
	
	
	
	(5,1)
	1
	
	
	
	
	(10,1)
	1
	
	
	
	

	
	27
	(2,1)
	1
	
	
	
	
	(4,1)
	1
	
	
	
	
	(6,1)
	1
	
	
	
	

	
	28
	(7,1)
	1
	
	
	
	
	(3,1)
	1
	
	
	
	
	(2,1)
	1
	
	
	
	

	
	29
	(1,1)
	1
	
	
	
	
	(2,1)
	1
	
	
	
	
	(8,1)
	1
	
	
	
	

	
	30
	(6,1)
	1
	
	
	
	
	(1,1)
	1
	
	
	
	
	(4,1)
	1
	
	
	
	

	
	31
	(0,1)
	1
	
	
	
	
	(0,1)
	1
	
	
	
	
	(0,1)
	1
	
	
	
	


3. Necessity of Additional Duty Cycle
At the RAN1#62 meeting, support of time-domain inter-cell interference coordination (ICIC) was agreed. In such a scenario, it is beneficial to support an 8-msec duty cycle to align with the round trip delay of uplink HARQ. However, with the 8-msec duty cycle, the CSI-RS must be sent in subframe #0 or #5 once during a 40-msec periodicity. Therefore, according to the CSI-RS configurations, it collides with PSS/SSS/MIB/SIB-1.
There are the following alternatives to address this problem.
· Alt. 1: UE may assume CSI-RS always exists, i.e., avoid by implementation

· Alt. 2: CSI-RS is not transmitted when it collides with PSS/SSS/MIB/SIB-1, i.e., subframe #0 and #5

· Alt. 2a: CSI-RS is not transmitted in the center 6RBs in subframe #0, and CSI-RS is not transmitted when the subframe for SIB-1 is transmitted
· Alt. 2b: CSI-RS is not transmitted in the subframe for PSS/SSS/MIB/SIB-1 transmission

In Alt. 1, the CSI-RS configuration and subframe offset, which will not collide with PSS/SSS/MIB/SIB-1 must be used. As shown in Table II, only the CSI-RSs assigned in the 12th and 13th OFDM symbols, i.e., Region C, do not collide with PSS/SSS/MIB/SIB-1 with an odd subframe offset. However, we prefer Alt. 2 since Alt. 1 is too restrictive. Between Alts. 2a and 2b, we have a slight preference toward Alt. 2a since it achieves higher channel estimation accuracy, although it may increase the UE implementation.
Furthermore, collision with the paging channel should be also avoided. It is FFS whether it is done with implementation or restriction same as Alt.2. 
TableII – Collision with PSS/SSS/MIB/SIB-1
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• Region A collides with PSS/SSS

• Region A, B, and C collides with 

SIB-1 in every 20msec

• Region A collides with PSS/SSS

• Region B collides with MIB


4. Definition of Power Offset, , which is Used to Control UE Assumption on Reference PDSCH Transmitted Power for CSI Feedback 
At the RAN1#62 meeting, support for the explicit signaling for UE assumption, , was agreed upon. When we consider the definition of , there are two purposes. 

· CSI estimation
In general, the CSI-RS is used to generate CSI feedback for the Rel-10 CSI feedback mode (There will be at least a Rel-10 CSI feedback mode that uses only CSI-RS for channel estimation).
· Link adaptation
In addition to the CSI estimation, the CSI-RS is used to control the CQI in a more pessimistic or optimistic way from the eNB side in a UE-specific manner in the following cases.

· Control a rank value from the eNB side
· Control the received signal level difference between UEs for MU-MIMO
In the current Rel-8 specification, there is already a parameter, 
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The shift 
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Considering these purposes for defining and the Rel-8 specification, the following definition seems to be a baseline for .
· UE-specific
· Ratio of PDSCH EPRE and CSI-RS EPRE
However, this definition does not include the power ratio between CSI-RS and CRS, i.e., unknown to UEs. One of the possible problems is as follows. Based on the current RAN1 assumption, the UE can use either CRS or CSI-RS to estimate the interference level, and the interference estimation accuracy depends on each RS power level. Therefore, additional information pertaining to the power relation between the CSI-RS and CRS might be beneficial for the CQI testing that is defined in RAN4. Therefore, further study of the necessity for additional signalingmay be required. 
5. Conclusion

In this contribution, we presented our views regarding the following remaining aspects of CSI-RS parameters and signaling.
· Possible candidates of the CSI-RS configuration are described.
· CSI-RS is not transmitted when it collides with PSS/SSS/MIB/SIB-1, i.e., subframe #0 and #5, and we list two alternatives to address this problem.
· CSI-RS is not transmitted in the center 6RBs in subframe#0, and CSI-RS is not transmitted when the subframe for SIB-1 is transmitted
· CSI-RS is not transmitted in the subframe for PSS/SSS/MIB/SIB-1 transmission

· Collision of the paging channel and CSI-RS should be avoided. It is FFS whether it is done with implementation or restriction.
· Following definition of  could be considered as baseline.
· UE-specific
· Ratio of PDSCH EPRE and CSI-RS EPRE
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Appendix
In the extended CP, slightly different indexing methods should be defined, since the base pattern is different from the normal CP. Figure A1 shows the index of the CSI-RS configuration based on the nested structure for the extended CP.
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Figure A1 – Indexing based on nested structure (Extended CP)

Figure A2 shows the CSI-RS configuration for 2, 4, and 8 CSI-RS ports for extended CP.
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(a) Consecutive indexes for nested structure (Based on nested structure)
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(b) Indexes without considering nested structure (simple ordering)
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(c) Indexes without considering nested structure (equal spacing)
Figure A2 – CSI-RS configuration for extended CP
Finally, Table AI shows the mapping table for the extended CP. 

Table AI – Mapping table for extended CP

	
	
	Consecutive indexes 
for nested structure
	Indexes without considering nested structure (Simple ordering)
	Indexes without considering nested structure (Equal spacing)

	
	#No. of CSI-RS configured
	2
	4
	8
	2
	4
	8
	2
	4
	8

	
	CSI-RS Configuration
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	Frame structure type 1 and 2
	0
	(11,4)
	0
	(11,4)
	0
	(11,4)
	0
	(11,4)
	0
	(11,4)
	0
	(11,4)
	0
	(11,4)
	0
	(11,4)
	0
	(11,4)
	0

	
	1
	(8,4)
	0
	(5,4)
	0
	(9,4)
	0
	(9,4)
	0
	(9,4)
	0
	(9,4)
	0
	(8,4)
	0
	(5,4)
	0
	(9,4)
	0

	
	2
	(5,4)
	0
	(9,4)
	0
	(10,4)
	1
	(8,4)
	0
	(5,4)
	0
	(10,4)
	1
	(5,4)
	0
	(9,4)
	0
	(10,4)
	1

	
	3
	(2,4)
	0
	(3,4)
	0
	(9,4)
	1
	(6,4)
	0
	(3,4)
	0
	(9,4)
	1
	(2,4)
	0
	(3,4)
	0
	(9,4)
	1

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

	
	5
	(6,4)
	0
	(4,4)
	1
	
	
	(3,4)
	0
	(9,4)
	1
	
	
	(6,4)
	0
	(4,4)
	1
	
	

	
	6
	(3,4)
	0
	(9,4)
	1
	
	
	(2,4)
	0
	(4,4)
	1
	
	
	(3,4)
	0
	(9,4)
	1
	
	

	
	7
	(0,4)
	0
	(3,4)
	1
	
	
	(0,4)
	0
	(3,4)
	1
	
	
	(0,4)
	0
	(3,4)
	1
	
	

	
	8
	(10,4)
	1
	
	
	
	
	(10,4)
	1
	
	
	
	
	(10,4)
	1
	
	
	
	

	
	9
	(7,4)
	1
	
	
	
	
	(9,4)
	1
	
	
	
	
	(7,4)
	1
	
	
	
	

	
	10
	(4,4)
	1
	
	
	
	
	(7,4)
	1
	
	
	
	
	(4,4)
	1
	
	
	
	

	
	11
	(1,4)
	1
	
	
	
	
	(6,4)
	1
	
	
	
	
	(1,4)
	1
	
	
	
	

	
	12
	(9,4)
	1
	
	
	
	
	(4,4)
	1
	
	
	
	
	(9,4)
	1
	
	
	
	

	
	13
	(6,4)
	1
	
	
	
	
	(3,4)
	1
	
	
	
	
	(6,4)
	1
	
	
	
	

	
	14
	(3,4)
	1
	
	
	
	
	(1,4)
	1
	
	
	
	
	(3,4)
	1
	
	
	
	

	
	15
	(0,4)
	1
	
	
	
	
	(0,4)
	1
	
	
	
	
	(0,4)
	1
	
	
	
	

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

	
	17
	(8,1)
	1
	(5,1)
	1
	(10,1)
	1
	(10,1)
	1
	(10,1)
	1
	(10,1)
	1
	(7,1)
	1
	(5,1)
	1
	(10,1)
	1

	
	18
	(5,1)
	1
	(10,1)
	1
	(9,1)
	1
	(9,1)
	1
	(9,1)
	1
	(9,1)
	1
	(3,1)
	1
	(10,1)
	1
	(9,1)
	1

	
	19
	(2,1)
	1
	(4,1)
	1
	
	
	(8,1)
	1
	(5,1)
	1
	
	
	(9,1)
	1
	(4,1)
	1
	
	

	
	20
	(10,1)
	1
	(9,1)
	1
	
	
	(7,1)
	1
	(4,1)
	1
	
	
	(5,1)
	1
	(9,1)
	1
	
	

	
	21
	(7,1)
	1
	(3,1)
	1
	
	
	(6,1)
	1
	(3,1)
	1
	
	
	(1,1)
	1
	(3,1)
	1
	
	

	
	22
	(4,1)
	1
	
	
	
	
	(5,1)
	1
	
	
	
	
	(10,1)
	1
	
	
	
	

	
	23
	(1,1)
	1
	
	
	
	
	(4,1)
	1
	
	
	
	
	(6,1)
	1
	
	
	
	

	
	24
	(9,1)
	1
	
	
	
	
	(3,1)
	1
	
	
	
	
	(2,1)
	1
	
	
	
	

	
	25
	(6,1)
	1
	
	
	
	
	(2,1)
	1
	
	
	
	
	(8,1)
	1
	
	
	
	

	
	26
	(3,1)
	1
	
	
	
	
	(1,1)
	1
	
	
	
	
	(4,1)
	1
	
	
	
	

	
	27
	(0,1)
	1
	
	
	
	
	(0,1)
	1
	
	
	
	
	(0,1)
	1
	
	
	
	


- 7/7 -

_1283774080.unknown

_1293384350.unknown

_1347450467.unknown

_1342872288.unknown

_1283774157.unknown

_1280889919.unknown

_1283604539.unknown

