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1 Introduction

Channel State Information Reference Signal (CSI-RS) was introduced in Rel-10 for enhanced downlink multiple antenna transmission. The latest agreement from RAN1#62 meeting is shown as follows [1]:
· CSI-RS of 2 and 4 ports are also supported in addition to 8 ports in Rel-10
· Support of 1 CSI-RS port is FFS:
· Benefits compared with CRS
· Potential use cases, e.g., HetNets
· Benefits from Rel-10 feedback modes
· Independent configuration of Rel-8 CRS and Rel-10 CSI-RS ports
· There will be a Rel-10 CSI feedback mode that uses only CSI RS for channel estimation.
· This does not preclude that all Rel-10 CSI feedback modes use only CSI RS for channel estimation.
· Following parameters for CSI-RS are explicitly signalled via higher layer
· Number of CSI-RS ports

· CSI Configuration

· The enumeration of the CSI configurations will be decided at RAN1#62bis meeting

· Duty cycle

· Subframe offset

· Duty cycle and subframe offset are jointly encoded

· FFS: 15 msec in the table

· FFS: Multiple of 4 msec

· FFS whether subframes 0 and 5 are avoided

· Additionally, at least one parameter which is used to control UE assumption on reference PDSCH transmitted power for CSI feedback, 
· Values in the table in next slide are agreed as baseline

· To be confirmed at RAN1#62bis meeting
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In this contribution, the remaining issues of downlink CSI-RS signalling design is discussed with our suggestions provided.
2 Remaining issues in CSI-RS signalling design
The following remaining issues in downlink CSI-RS signalling design are discussed:
· Support of one CSI-RS port

· Enumeration of the CSI-RS configurations

· Duty cycle and subframe offset

· The value of 
· Rate matching for CSI-RS
2.1 Support of one CSI-RS port
CSI-RS is a kind of cell-specific reference signal designed for channel state measurement. According to agreement in RAN1, CSI-RS of 2, 4 and 8 ports will be supported in Rel-10. However, it is still not decided whether one CSI-RS port is supported or not. From our view, one CSI-RS port should also be supported in Rel-10. The reasons are:
· It helps to maintain the consistency of CSI-RS design and provides higher flexibility for practical deployment.
· It increases the number of reuse factors, which is good for the HetNet scenario.
· It is also possible to reuse the same reuse factors as two-port CSI-RS. In other words, in this case half of the CSI-RS REs can be saved for the use of data transmission.

Proposal 1: One CSI-RS port is supported in Rel-10.

2.2 The enumeration of the CSI-RS configurations
Since each element of a CSI-RS pattern uniquely maps to a specific RE location, it is beneficial to define a configuration index list. With the aid of the configuration index list, a CSI-RS pattern can quickly be mapped to the actual RE location of CSI-RS port 0 in a Physical Resource Block (PRB).
The possible enumeration methods for the CSI configuration are discussed in the sequel.
2.1.1
Bitmap per 8Tx pattern set
This method uses two parts to enumerate the CSI-RS configurations [2]:
· Enumeration of RE#0 of 8TX pattern per subframe (3 bits);
· Joint coding of CSI-RS port m and the location of RE#z (3 bits).
It utilizes the fixed location in the 8TX pattern and jointly encodes the number of CSI-RS ports and the location of RE#0. The signalling overhead reduces from 8 bits to 6 bits. However, if PDSCH muting for CSI-RS is supported, the design of muting pattern indication will become more complicated.

2.1.2 Configuration index enumeration
Two types of enumerations considering nested structure of CSI-RS patterns are shown in Fig.1 [3]:
· Consecutive index numbering based on nested structure

· Same index numbering based on nested structure
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    (a) Consecutive index for nested structure                   (b) Same index for nested structure

Fig. 1: Indexing based on nested structure [3].
The enumeration method of Fig.1(a) is based on consecutive index of nested structure for each set of 8 CSI-RS ports, but the option of Fig.1(b) is based on enumeration of 8 CSI-RS ports, then 4 and 2 CSI-RS ports. In general, Fig.1(a) appears to be better with respect to nested structure of CSI-RS and, if PDSCH muting for CSI-RS is supported in Rel-10, may reduce signalling overhead. Based on Fig.1(a), the enumeration of the CSI-RS configurations may be summarised in Table 1 and Table 2 in the Annex for normal and extended cyclic prefix, respectively.
Proposal 2: Consecutive index numbering methods based on nested structure of CSI-RS for the enumeration of the CSI-RS configurations are supported.

2.3 The issue of duty cycle and subframe offset
The baseline for joint coding of CSI-RS subframe offset and duty cycle was decided at RAN1#62 as described in Section 1. But the duty cycle of 15 msec and multiple of 4 msec is still FFS. In our opinion, multiple of 4 msec is not recommend, as it may introduce radio frame alignment issues for UE access. The option of 15 msec is unnecessary.
In addition, subframe 0 and 5 should be avoided considering PBCH, sync channel and paging channel [4]. The recommended CSI-RS configurations for CSI-RS duty cycle,
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Proposal 3: The options of 15 msec and multiple of 4 msec for CSI-RS duty cycle should not be supported.

Proposal 4: Subframe 0 and 5 should be avoided in joint encoding of CSI-RS subframe offset and duty cycle.
2.4 The value of 
The parameter  is defined as a ratio between CSI-RS EPRE and CRS EPRE such that the UE can derive CSI-RS EPRE implicitly. And our recommended range of  is [6, 4.77, 3, 2, 1.77, 1, 0] in dB. Furthermore, according to LS [5] from RAN4, CSI-RS power boosting should avoid the value of 9 dB or above. In this case, the power offset of CSI-RS should be calculated as:
CSI-RS power offset = min (, 6dB).
Proposal 5: The range of  is [6, 4.77, 3, 2, 1.77, 1, 0] in dB and the power offset of CSI-RS is calculated as: CSI-RS power offset = min (, 6dB).
2.5 Rate matching for CSI-RS
At RAN1#60bis meeting it was agreed that rate matching is applied to the CSI-RS locations for Rel-10 UE [6]. As agreed at RAN1#62 meeting, the parameters for CSI-RS are explicitly signalled via higher layer. Among other options, SIB-2 can be considered for use by CSI-RS signalling. However, if SIB-2 and CSI-RS were transmitted in the same subframe, it would be impossible to decode SIB-2 (which is scheduled dynamically) before the correct rate matching process is conducted, which however depends on CSI-RS patterns that would have to be transmitted in SIB2, hence a typical chicken-and-egg problem.
If CSI-RS related configuration information is signalled in SIB-2, CSI-RS and SIB-2 should not be transmitted in the same subframe in order to resolve the conflict between rate matching and SIB-2 decoding, More specifically, when SIB-2 is transmitted in a subframe which does not have CSI-RS, all UEs in the cell will decode the message as usual, meaning that Rel-10 UEs will decode CSI-RS related configuration information while Rel-8/9 UEs will ignore it. Such a backward-compatible strategy can be enforced by the eNB scheduler.
Proposal 6: CSI-RS and SIB-2 should not be transmitted in the same subframe.
3 CSI-RS sequence generation
The CSI reference-signal sequence 
[image: image7.wmf])

(

m

r

 is defined by:

[image: image8.wmf](

)

(

)

1

2

1

0

          

,

)

1

2

(

2

1

2

1

)

2

(

2

1

2

1

)

(

DL

max,

RB

-

=

+

×

-

+

×

-

=

N

,...,

,

m

m

c

j

m

c

m

r

.

Since the locations of CSI-RS and DM-RS do not overlap in the subframe, it is desired to reuse the initial state of DL DM-RS scrambling sequence for CSI-RS with minimum difference. The initial state for DL DM-RS port 7 and port 8 is:
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where the scrambling ID 
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Proposal 7: The initial state of scrambling sequence for CSI-RS is: 
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4 Conclusion

In this contribution, the remaining issues of CSI-RS signalling design are discussed. Our proposals are summarised as follows:
Proposal 1: One CSI-RS port is supported in Rel-10.

Proposal 2: Consecutive index numbering methods based on nested structure of CSI-RS for the enumeration of the CSI-RS configurations are supported.

Proposal 3: The options of 15 msec and multiple of 4 msec for CSI-RS duty cycle should not be supported.

Proposal 4: Subframe 0 and 5 should be avoided in joint encoding of CSI-RS subframe offset and duty cycle.
Proposal 5: The range of  is [6, 4.77, 3, 2, 1.77, 1, 0] in dB and the power offset of CSI-RS is calculated as: CSI-RS power offset = min (, 6dB).
Proposal 6: CSI-RS and SIB-2 should not be transmitted in the same subframe.
Proposal 7: The initial state of scrambling sequence for CSI-RS is: 
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Annex: CSI-RS mapping and configuration encoding
Table 1: Mapping from CSI reference signal configuration to 
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	Frame structure type 1 and 2
	0
	(11,2)
	1
	(11,2)
	1
	(11,2)
	1
	(11,2)
	1

	
	1
	(11,3)
	1
	
	
	
	
	
	

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

	
	3
	(5,3)
	1
	
	
	
	
	
	

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

	
	5
	(10,3)
	1
	
	
	
	
	
	

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

	
	7
	(4,3)
	1
	
	
	
	
	
	

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

	
	9
	(9,3)
	1
	
	
	
	
	
	

	
	10
	(3,2)
	1
	(3,2)
	1
	
	
	
	

	
	11
	(3,3)
	1
	
	
	
	
	
	

	
	12
	(8,2)
	1
	(8,2)
	1
	(8,2)
	1
	
	

	
	13
	(8,3)
	1
	
	
	
	
	
	

	
	14
	(2,2)
	1
	(2,2)
	1
	
	
	
	

	
	15
	(2,3)
	1
	
	
	
	
	
	

	
	16
	(7,2)
	1
	(7,2)
	1
	(7,2)
	1
	(7,2)
	1

	
	17
	(7,3)
	1
	
	
	
	
	
	

	
	18
	(1,2)
	1
	(1,2)
	1
	
	
	
	

	
	19
	(1,3)
	1
	
	
	
	
	
	

	
	20
	(6,2)
	1
	(6,2)
	1
	(6,2)
	1
	
	

	
	21
	(6,3)
	1
	
	
	
	
	
	

	
	22
	(0,2)
	1
	(0,2)
	1
	
	
	
	

	
	23
	(0,3)
	1
	
	
	
	
	
	

	
	24
	(9,5)
	0
	(9,5)
	0
	(9,5)
	0
	(9,5)
	0

	
	25
	(9,6)
	0
	
	
	
	
	
	

	
	26
	(3,5)
	0
	(3,5)
	0
	
	
	
	

	
	27
	(3,6)
	0
	
	
	
	
	
	

	
	28
	(8,5)
	0
	(8,5)
	0
	(8,5)
	0
	
	

	
	29
	(8,6)
	0
	
	
	
	
	
	

	
	30
	(2,5)
	0
	(2,5)
	0
	
	
	
	

	
	31
	(2,6)
	0
	
	
	
	
	
	

	
	32
	(9,5)
	1
	(9,5)
	1
	(9,5)
	1
	(9,5)
	1

	
	33
	(9,6)
	1
	
	
	
	
	
	

	
	34
	(3,5)
	1
	(3,5)
	1
	
	
	
	

	
	35
	(3,6)
	1
	
	
	
	
	
	

	
	36
	(8,5)
	1
	(8,5)
	1
	(8,5)
	1
	
	

	
	37
	(8,6)
	1
	
	
	
	
	
	

	
	38
	(2,5)
	1
	(2,5)
	1
	
	
	
	

	
	39
	(2,6)
	1
	
	
	
	
	
	

	Frame structure type 2 only
	40
	(11,1)
	1
	(11,1)
	1
	(11,1)
	1
	(11,1)
	1

	
	41
	(11,2)
	1
	
	
	
	
	
	

	
	42
	(5,1)
	1
	(5,1)
	1
	
	
	
	

	
	43
	(5,2)
	1
	
	
	
	
	
	

	
	44
	(10,1)
	1
	(10,1)
	1
	(10,1)
	1
	
	

	
	45
	(10,2)
	1
	
	
	
	
	
	

	
	46
	(4,1)
	1
	(4,1)
	1
	
	
	
	

	
	47
	(4,2)
	1
	
	
	
	
	
	

	
	48
	(9,1)
	1
	(9,1)
	1
	(9,1)
	1
	(9,1)
	1

	
	49
	(9,2)
	1
	
	
	
	
	
	

	
	50
	(3,1)
	1
	(3,1)
	1
	
	
	
	

	
	51
	(3,2)
	1
	
	
	
	
	
	

	
	52
	(8,1)
	1
	(8,1)
	1
	(8,1)
	1
	
	

	
	53
	(8,2)
	1
	
	
	
	
	
	

	
	54
	(2,1)
	1
	(2,1)
	1
	
	
	
	

	
	55
	(2,2)
	1
	
	
	
	
	
	

	
	56
	(7,1)
	1
	(7,1)
	1
	(7,1)
	1
	(7,1)
	1

	
	57
	(7,2)
	1
	
	
	
	
	
	

	
	58
	(1,1)
	1
	(1,1)
	1
	
	
	
	

	
	59
	(1,2)
	1
	
	
	
	
	
	

	
	60
	(6,1)
	1
	(6,1)
	1
	(6,1)
	1
	
	

	
	61
	(6,2)
	1
	
	
	
	
	
	

	
	62
	(0,1)
	1
	(0,1)
	1
	
	
	
	

	
	63
	(0,2)
	1
	
	
	
	
	
	


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

	
	1
	(11,5)
	0
	
	
	
	
	
	

	
	2
	(8,4)
	0
	(8,4)
	0
	
	
	
	

	
	3
	(8,5)
	0
	
	
	
	
	
	

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

	
	5
	(5,5)
	0
	
	
	
	
	
	

	
	6
	(2,4)
	0
	(2,4)
	0
	
	
	
	

	
	7
	(2,5)
	0
	
	
	
	
	
	

	
	8
	(9,4)
	0
	(9,4)
	0
	(9,4)
	0
	(9,4)
	0

	
	9
	(9,5)
	0
	
	
	
	
	
	

	
	10
	(6,4)
	0
	(6,4)
	0
	
	
	
	

	
	11
	(6,5)
	0
	
	
	
	
	
	

	
	12
	(3,4)
	0
	(3,4)
	0
	(3,4)
	0
	
	

	
	13
	(3,5)
	0
	
	
	
	
	
	

	
	14
	(0,4)
	0
	(0,4)
	0
	
	
	
	

	
	15
	(0,5)
	0
	
	
	
	
	
	

	
	16
	(10,4)
	1
	(10,4)
	1
	(10,4)
	1
	(10,4)
	1

	
	17
	(10,5)
	1
	
	
	
	
	
	

	
	18
	(7,4)
	1
	(7,4)
	1
	
	
	
	

	
	19
	(7,5)
	1
	
	
	
	
	
	

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

	
	21
	(4,5)
	1
	
	
	
	
	
	

	
	22
	(1,4)
	1
	(1,4)
	1
	
	
	
	

	
	23
	(1,5)
	1
	
	
	
	
	
	

	
	24
	(9,4)
	1
	(9,4)
	1
	(9,4)
	1
	(9,4)
	1

	
	25
	(9,5)
	1
	
	
	
	
	
	

	
	26
	(6,4)
	1
	(6,4)
	1
	
	
	
	

	
	27
	(6,5)
	1
	
	
	
	
	
	

	
	28
	(3,4)
	1
	(3,4)
	1
	(3,4)
	1
	
	

	
	29
	(3,5)
	1
	
	
	
	
	
	

	
	30
	(0,4)
	1
	(0,4)
	1
	
	
	
	

	
	31
	(0,5)
	1
	
	
	
	
	
	

	Frame structure type 2 only
	32
	(11,1)
	1
	(11,1)
	1
	(11,1)
	1
	(11,1)
	1

	
	33
	(11,2)
	1
	
	
	
	
	
	

	
	34
	(8,1)
	1
	(8,1)
	1
	
	
	
	

	
	35
	(8,2)
	1
	
	
	
	
	
	

	
	36
	(5,1)
	1
	(5,1)
	1
	(5,1)
	1
	
	

	
	37
	(5,2)
	1
	
	
	
	
	
	

	
	38
	(2,1)
	1
	(2,1)
	1
	
	
	
	

	
	39
	(2,2)
	1
	
	
	
	
	
	

	
	40
	(10,1)
	1
	(10,1)
	1
	(10,1)
	1
	(10,1)
	1

	
	41
	(10,2)
	1
	
	
	
	
	
	

	
	42
	(7,1)
	1
	(7,1)
	1
	
	
	
	

	
	43
	(7,2)
	1
	
	
	
	
	
	

	
	44
	(4,1)
	1
	(4,1)
	1
	(4,1)
	1
	
	

	
	45
	(4,2)
	1
	
	
	
	
	
	

	
	46
	(1,1)
	1
	(1,1)
	1
	
	
	
	

	
	47
	(1,2)
	1
	
	
	
	
	
	

	
	48
	(9,1)
	1
	(9,1)
	1
	(9,1)
	1
	(9,1)
	1

	
	49
	(9,2)
	1
	
	
	
	
	
	

	
	50
	(6,1)
	1
	(6,1)
	1
	
	
	
	

	
	51
	(6,2)
	1
	
	
	
	
	
	

	
	52
	(3,1)
	1
	(3,1)
	1
	(3,1)
	1
	
	

	
	53
	(3,2)
	1
	
	
	
	
	
	

	
	54
	(0,1)
	1
	(0,1)
	1
	
	
	
	

	
	55
	(0,2)
	1
	
	
	
	
	
	


Table 3: Joint coding configuration of CSI-RS duty cycle and subframe offset.
	Configuration index
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