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1. Introduction

In RAN1 #62 meeting, there were a lot of discussions on signaling for CSI-RS, and following agreements are reached regarding CSI-RS signaling [1]:
· Following parameters for CSI-RS are explicitly signaled 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, 
In this contribution, we summarize our views on signaling for CSI-RS configuration.
2. Signaling for CSI-RS configuration
In RAN1 #62 meeting, explicit signaling method is agreed as the RRC signaling scheme for eNB to inform Rel.10 UE the following CSI-RS parameters:

· Number of CSI-RS ports

· CSI-RS pattern index

· Duty cycle

· Subframe offset

· CSI-RS transmitting power, i.e., CSI-RS EPRE

In this section, we discuss the configuration of above CSI-RS parameters.

2.1 CSI-RS configuration within subframe
With the identification of the CSI-RS pattern and number of CSI-RS ports in RAN1 #61bis meeting [2] and RAN1 #62 meeting[1], the number of CSI-RS pattern for different number of CSI-RS ports can be summarized in Table 1.
Table 1 Number of CSI-RS Pattern

	Numbers of CSI-RS ports
	Normal CP
	Extended CP

	
	FS-1
	FS-2
	FS-1
	FS-2

	2
	20
	32
	16
	28

	4
	10
	16
	8
	14

	8
	5
	8
	4
	7

	Total
	35
	56
	28
	49


According to the contributions discussed in RAN1 #62 meeting, three candidate schemes are proposed for signaling number of CSI-RS ports and CSI-RS pattern index[3-7].
Alt 1: Separate signaling scheme
For separate scheme, number of CSI-RS ports and the index of CSI-RS pattern are signaled separately. This scheme needs 7 bits to indicate the pattern within the CSI-RS subframe. For example, 2 bits are used to indicate number of CSI-RS ports within the values of {2, 4, 8}, and up to 5 bits are used to denote the index of CSI-RS pattern.
Alt 2: Joint signaling scheme by directly enumerating
Number of CSI-RS ports and CSI-RS pattern index can also be signaled jointly with enumerative way. For example, in Table 1, the total number of pattern for FS-2 normal CP case is 56, which requires 6 bits to be encoded. For joint scheme by direct enumeration, 6 bits are sufficient to indicate number of CSI-RS ports and the CSI-RS pattern index together, and 1 bit can be saving compared with the separate scheme. 
Alt 3: Joint signaling scheme based on nested structure
Although the joint scheme with direct enumeration can reduce the signaling overhead, directly enumerating scheme requires UE to record total patterns of {2,4,8} ports and check the pattern index table of all the ports, which is up to 56 cases for FS-2 normal CP. Looking up the large cases may increase the complexity and processing delay of UE.

Another joint scheme is derived from the nested characteristic of CSI-RS. All the patterns for {2, 4, 8} ports are divided into groups in terms of 8 port CSI-RS pattern, which can be indicated up to 3 bits, then number of ports and the intra-group index are jointly encoded with 3 bits. The number of groups for each case is different in term of the corresponding patterns. The values in the third row of Table 1 imply the number of groups for different cases. For example, the patterns of FS-2 normal CP case can be divided into 8 groups. However, the index in each group is identical, because patterns in each group are all composed of one 8Tx ports pattern indicated with 0, two 4Tx ports patterns indicated with {1, 2} and four 2Tx ports patterns indicated with {3, 4, 5, 6}. Figure 1 shows an example of the joint signaling scheme based on nested structure for FS-2 normal CP. In Figure 1, different color represents different group, the former number denotes the group number and the latter number indicates number of port and intra-group index.
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Figure 1 Joint signaling scheme based on nested structure for FS-2 normal CP
The following table compares these schemes from the aspects of signaling overhead (SO), the maximum searching times (M_ST) and the average searching times (A_ST) to lookup the pattern, where the presence probabilities of each pattern for different ports are assumed equally and sequentially looking up is exploited for assumption.
Table 2 Comparison of different schemes for CSI-RS configuration within subframe
	
	Separate Scheme
	Joint Scheme with direct Enumeration
	Joint Scheme based on Nested Structure

	
	FS-1

NP
	FS-2

NP
	FS-1

EP
	FS-2

EP
	FS-1

NP
	FS-2

NP
	FS-1

EP
	FS-2

EP
	FS-1

NP
	FS-2

NP
	FS-1

EP
	FS-2

EP

	SO
	7 bits
	7 bits
	6 bits
	7 bits
	6 bits
	6 bits
	5 bits
	6 bits
	6 bits
	6 bits
	5 bits
	6 bits

	M_ST
	20
	32
	16
	28
	35
	56
	28
	49
	12
	15
	11
	14

	A_ST
	6.3
	9.8
	5.2
	8.7
	18
	28.5
	14.5
	25
	7
	8.5
	6.5
	8


As we see from above table, joint scheme based on nested structure can decrease the signaling overhead and reduce the searching delay compared with the other schemes.

Proposal 1: Joint signaling scheme based on nested structure is appropriate for number of ports and CSI-RS pattern index encoding.
2.2 Duty cycle and subframe offset

In 3Gpp RAN1 #59 meeting, multiple of 5 ms is agreed as the baseline to CSI-RS duty cycle. Different duty cycle design is based on different scenarios. Generally speaking, shorter duty cycle adapts to high speed mobile case and long duty cycle adapts to low speed mobile case [4]. A conclusion on duty cycle and subframe offset jointly encoding has been agreed in last meeting [1]，where 
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 indicates duty cycle and subframe offset jointly. 
Table 3 Enumeration for duty cycle and subframe offset

	Icycle,subframe offset
	Duty cycle
	Subframe offset

	Icycle,subframe offset≤4
	5
	Icycle,subframe offset

	5≤Icycle,subframe offset≤14
	10
	Icycle,subframe offset-5

	15≤Icycle,subframe offset≤34
	20
	Icycle,subframe offset-15

	35≤Icycle,subframe offset≤74
	40
	Icycle,subframe offset-35

	75≤Icycle,subframe offset≤154
	80
	Icycle,subframe offset-75


Consideration of the avoidance from PBCH, PSS/SSS and paging channel, CSI-RS subframe should avoid {0, 4, 5, 9} subframes in FDD system and {0, 1, 5, 6} subframes in TDD system[7]. It is no doubt for FDD system because sufficient DL subframes can be found to transmit CSI-RS. However, considering the frame structure of TDD system, when Uplink-downlink configuration is 0, 3 or 6 in Table 4, there is not enough downlink subframe to send CSI-RS except subframe 0 and 5. Especially in UL-DL configuration 0, if subframe 0 and 5 is avoided to transmit CSI-RS, CSI-RS cannot find any resource to transmit [4][5]. Take 5ms duty cycle in Table 3 into account, in UL-DL configuration 3 or 6, CSI-RS also cannot work in the front half super frame in UL-DL configuration 3 or 6.
The main target to exclude subframe 0 and subframe 5 is avoiding collision with PBCH, PSS/SSS, and Paging channel. As we know, in defined LTE specification of TDD system, PBCH and PSS/SSS is distributed in the central 6 PRBs in frequency domain, and PBCH is in # 7, #8, #9 and #10 OFDM symbol of subframe 0 in time domain; SSS is in the last symbol of subframe 0 and subframe 5; PSS is in special subframe and it don’t collide with CSI-RS. Therefore, just patterns which ocuppy {#12, #13} will collide with SSS in central 6 PRBs of subframe 0 and subframe 5, and patterns in {#9, #10} or {#8, #10} will collide with PBCH in subframe 0. The patterns in {#5, #6} can be used for CSI-RS in any case above, no matter in subframe 0 or subframe 5. For Paging channel, the set of Paging subframes can be configured as {0}, {0, 5} or {0, 1, 5, 6} in time domain and allocated to any portion of full bandwidth in frequency domain. According to above analysis, CSI-RS could avoid collision with PBCH，PSS/SSS and paging channel in subframe 0 and subframe 5 by scheduling. 
Proposal2: Subframe 0 and subframe 5 should be used to transmit CSI-RS in TDD system, especially subframe 5.
Table 4 TDD system frame structure

	Uplink-Downlink configuration
	Switch-Point Periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


2.3 CSI-RS EPRE

The CSI-RS transmitting power is required for UE to generate an accurate CQI. There are two alternatives to define the CSI-RS energy per resource element(EPRE)[6,8]:

Alt1: CSI-RS EPRE is as a function of CRS EPRE, a parameter is needed to define the ratio of CSI-RS EPRE to CRS EPRE.

Alt2: CSI-RS EPRE is as a function of PDSCH EPRE, a parameter is needed to define the ratio of CSI-RS EPRE to corresponding PDSCH EPRE.

It should be noticed that  in Alt 1 is a cell-specific parameter and in Alt 2 is a UE specific parameter. As we know, CSI-RS is cell-specific and has many similar features compared with CRS. Moreover, CSI-RS signaling should broadcast to Rel.10 UE and the CSI-RS EPRE should be independent on the PDSCH EPRE for specific PRB. Therefore, we prefer Alt 1 that CSI-RS EPRE is defined as a ratio of CSI-RS EPRE to CRS EPRE.

Proposal 3: Being a parameter of CSI-RS EPRE, is defined as a ratio of CSI-RS EPRE to CRS EPRE.

3. Conclusion
In this contribution, signaling design for CSI-RS has been discussed, including three aspects: CSI-RS configuration within subframe, jointly encoding of duty cycle and subframe offset, CSI-RS EPRE. The following proposals have been presented for CSI-RS configuration signaling.

Proposal 1: Joint signaling scheme based on nested structure is appropriate for number of ports and CSI-RS pattern index encoding.
Proposal2: Subframe 0 and subframe 5 should be used to transmit CSI-RS in TDD system, especially subframe 5.
Proposal 3: Being a parameter of CSI-RS EPRE, is defined as a ratio of CSI-RS EPRE to CRS EPRE.
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