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1 Introduction
The intra-cell CSI-RS patterns have been agreed [1, 2] at the RAN1 #61bis meeting. CSI-RS patterns adopt the base pattern with length-2 time domain OCC for each pair of antenna ports. The patterns have a nested structure, where the pattern with smaller number of CSI-RS ports is a subset of the pattern with larger number of CSI-RS ports. Multiple patterns are available for the network to provide varying reuse factors. 

Remaining specification work related to CSI-RS is listed below:

· Signalling the number of CSI-RS ports
· Signalling the index of the CSI-RS pattern for the serving cell
· Signalling the subframe offset and duty cycle of CSI-RS

· Location of the signalling message

· Defining the CSI-RS EPRE and the related signalling

· Support for enhanced channel estimation for features in future releases (e.g. muting)
Muting signaling is discussed in a companion contribution [3]. This contribution discusses the signaling aspects of CSI-RS and the definition of the CSI-RS EPRE. The pros and cons of implicit and explicit signaling methods are analyzed. A recommendation is provided for the location of the signaling message.

2 Signalling aspects of CSI-RS
All Rel-10 UEs in a cell should be informed about the number of CSI-RS ports, the CSI-RS pattern used in the serving cell (i.e. the intra-subframe location), the subframes where the CSI-RS are located (i.e. the subframe offset and duty cycle), and the CSI-RS EPRE. 

2.1 Number of CSI-RS antenna ports and serving cell CSI-RS pattern
The number of CSI-RS antenna ports should be informed to all Rel-10 UEs in a cell. The number of CSI-RS ports can take the value 0, 2, 4 or 8. Note that no CSI-RS ports could be configured by a Rel-10 eNodeB. Direct signalling of the number of CSI-RS ports would require 2 bits.

For a given number of CSI-RS ports, among all the possible CSI-RS patterns defined in [1], the CSI-RS pattern ID should be informed to all Rel-10 UEs in a cell. The number (Num_ID) of CSI-RS pattern IDs available for the serving cell is summarized in Table 1, where Num_ID is defined as a function of the number of CSI-RS ports.

Table 1 - Number of available CSI-RS pattern IDs (Num_ID) for the serving cell
	Number of CSI-RS ports
	2
	4
	8
	Total

	Normal CP
	20
	10
	5
	35

	Normal CP without CRS ports 2/3
	32
	16
	8
	56

	Extended CP
	16
	8
	4
	28

	Extended CP without CRS ports 2/3
	28
	14
	7
	49


Explicit signaling method based on the CSI-RS patterns nested property

The CSI-RS patterns can be directly enumerated. Once all the CSI-RS patterns have been enumerated for a given number of CSI-RS ports, the CSI-RS pattern ID can be directly signalled by 5/4/3 bits to cover the maximum of 32/16/8 patterns with 2/4/8 CSI-RS ports. We refer to this method as method 1.

Alternatively, the enumeration could be continuous among all patterns with 2 CSI-RS ports, 4 CSI-RS ports and 8 CSI-RS ports. Then a maximum of 49 or 56 CSI-RS pattern IDs (for normal or extended cyclic prefix, respectively) would need to be signaled with 6 bits to jointly indicate the number of CSI-RS ports and the CSI-RS pattern ID of the serving cell. Joint encoding of the number of CSI-RS ports and of the CSI-RS pattern ID of the serving cell can be provided by exploiting the nested property of the CSI-RS patterns for different number of CSI-RS ports. We refer to this method as method 2.

The encoding rule shown in Table 2 is proposed for method 2: 

· The red bits indicate the number of CSI-RS ports.

· The blue bits indicate the location of the pattern in the lower or upper subsets, which serves to enumerate the CSI-RS patterns for a given number of CSI-RS ports:

· 0: the CSI-RS pattern belongs to the set of upper patterns

· 1: the CSI-RS pattern belongs to the set of lower patterns

· Bits 4, 5 and 6 jointly enumerate the CSI-RS patterns within each upper/lower subset of patterns indicated by bits 1, 2 and 3. The enumeration of REs occupied by CSI-RS is seen in Figure 1.

· An additional codepoint (e.g. 001xxx) could be defined to configure 0 CSI-RS ports, if necessary.

Table 2 - Encoding of number of CSI-RS ports and CSI-RS pattern ID

	Bit number
	1
	2
	3
	4
	5
	6

	2 CSI-RS ports
	1
	0/1
	0/1
	x
	x
	x

	4 CSI-RS ports
	0
	1
	0/1
	x
	x
	x

	8 CSI-RS ports
	0
	0
	0
	x
	x
	x


The definitions of upper and lower patterns sets as indicated by bits 2 and 3 are shown in Figure 2 for two and four CSI-RS ports. This encoding introduces a nested structure that could be useful for the definition of CoMP clusters in the future, thus limiting the need for additional definitions and signalling bits.

Figure 1 – Enumeration of pattern by bits number 4, 5, 6
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Figure 2 - Definitions of upper and lower patterns within pattern set with index 0 from bits 4, 5, 6
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Partially implicit signaling methods

In order to save overhead bits, the CSI-RS pattern ID of the serving cell could be implicitly informed by reusing some existing Rel-8 parameter. A natural choice of parameter would be the physical layer Cell ID. In any case, the number of CSI-RS ports still needs to be explicitly signalled, and patterns need to be enumerated, for example using the method described above. One partially implicit signalling method could be to let CSI-RS_pattern_ID = (Cell_ID mod Num_ID), where Num_ID is given in Table 1 as a function of the CRS configuration and the number of CSI-RS ports.

Note that since some of the patterns occupy the same OFDM symbol but use a different CDM base pattern, it is preferable to further constraint the network-wide usage of patterns that use the same CDM base pattern if some of their CSI-RS REs are located in the same OFDM symbol. In this case, the value of Num_ID needs to be adapted from Table 1, and one explicit bit is needed to specify whether the CSI-RS pattern can occupy symbols {8,9} or {8,10}. Note that the network will use all Num_ID patterns with this approach. If we further want to restrict the total number of patterns used network-wide (the CSI-RS reuse factor), then Num_ID needs to be explicitly indicated. For example with 1 bit, we could let Num_ID take value 12/6/3 or  20/10/5 in case of normal cyclic prefix with CRS ports 2 and 3, for 2/4/8 CSI-RS ports.

Another partially implicit method (method 3) would allow introducing more structure in the allocation of CSI-RS patterns. It requires a pre-definition of CSI-RS groups of a given size. The Rel-8 parameters of Cell_Group_ID and Cell_ID are reused in the definition of CSI-RS pattern parameters. The number of CSI-RS ports is indicated by higher layers using 2 bits. The CSI-RS pattern parameters that the eNodeB and UE should be able to derive are the Pattern_group_ID and the CSIRS_pattern_ID. The parameter Pattern_group_size may be fixed to 3 for example, or configurable by higher-layers. The following derivations take place at eNodeB and UE:

· Step 1: Number_of_groups = ceil(Num_ID/ Pattern_group_size), where Num_ID is from Table 1 (Num_ID is only determined from the configuration of normal/extended CP and CRS ports 2/3)

· Step 2: Pattern_group_ID = (Cell_group_ID/ (Pattern_group_size/3)) mod Number_of_groups

· Step 3: Cell_ID_within_pattern_group = (Cell_ID mod Pattern_group_size)

· Step 4: CSIRS_pattern_ID = (Pattern_group_ID x Pattern_group_size + Cell_ID_within_pattern_group)  mod Num_ID

Note that the partially implicit methods add constraints on the assignment of Cell_IDs across the network. More flexibility could be introduced in implicit methods, for example by explicitly indicating Num_ID or Number_of_groups.

The downlink signalling overhead of the 3 methods discussed above is summarized in Table 3.

Table 3 – Signalling overhead for the number of CSI-RS ports and the CSI-RS pattern of the serving cell
	Method
	Overhead

	Method 1 (separate enumeration for 2/4/8 ports)
	7/6/5 for 2/4/8 ports

	Method 2 (joint enumeration for 2/4/8 ports with nested property)
	6

	Method 3 (partially implicit based on Cell_ID)
	3


Proposal 1: two methods offering trade-offs between overhead and complexity can be further considered:

· 6 bits explicitly indicate the number of CSI-RS ports and the CSI-RS pattern of the serving cell by exploiting the nested property of the CSI-RS patterns for 2/4/8 ports

· 3 bits implicit method based on the physical layer Cell ID, including 2 bits for signaling the number of CSI-RS ports and 1 bit to signal the use of OFDM symbols {8,9} or {8,10}
2.2 Signalling of the CSI-RS pattern subframe
The location of the CSI-RS can be informed to all Rel-10 UEs by a subframe offset and a duty cycle. The subframes that contain SCH, PBCH, DBCH, or paging, should be avoided. The constraints on the design are shown below, which lead to avoiding subframes 0/4/5/9 in FDD:

· SCH: OFDM symbols 5/6 in the subframe 0/5 every 10ms (radio frame)

· PBCH: OFDM symbols 7/8/9/10 in the subframe 0 every 10ms

· DBCH in SIB1: data region in subframe 5 every 20ms

· Paging: Data region in subframe 0/4/5/9 every 10ms

This fact can be exploited for defining an efficient encoding of the subframe index and the duty cycle as shown in Table 4. Indication of subframe offset and duty cycle can be jointly encoded with minor constraints on the location of the CSI-RS. The duty cycle is limited to values 5, 10, 20, 30 and 40 ms, while the corresponding numbers of available subframes are 3, 6, 12, 18 and 24. Joint encoding can be done with 6 bits for a maximum duty cycle of 40 ms. The need for support of duty cycle with 80 ms and 160 ms should be further studied.
Table 4 – Joint encoding of subframe offset and duty cycle
	Duty cycle
	Number of available of subframes
	Accumulated number of bits for joint encoding

	5
	3
	2

	10
	6
	4

	20
	12
	5

	30
	18
	6

	40
	24
	6


Proposal 2: The CSI-RS of the serving cell cannot be located in subframes 0/4/5/9 for FDD.

Proposal 3: 6 bits jointly indicate the subframe offset and duty cycle of the CSI-RS pattern of the serving cell, with possible duty cycle of 5, 10, 20, 30 and 40 ms.

2.3 Location of the signalling message
The signalling message could be located in either the MIB, or SIB2 for Rel-10 UE (radio resource configuration information) or in a new SIB. The MIB only has a limited number of available bits (10) thus it is not preferred to use the MIB. Introducing a new SIB for the purpose of CSI-RS pattern signalling requires a bigger standardization effort. Thus it is recommended to signal the CSI-RS pattern in SIB2. The use of dedicated RRC signalling can also be considered.

Recommendation: SIB2 contains the bits for signalling the number of CSI-RS ports, the CSI-RS pattern, subframe offset and duty cycle of the serving cell.
3 CSI-RS EPRE

The transmit power used for the CSI-RS needs to be defined for Rel-10 UEs measuring the channel on these reference signals, keeping in mind that Rel-8 UEs can also be scheduled in CSI-RS subframes. The CSI-RS being cell-specific, the CSI-RS EPRE should avoid being dependent on scheduling decision and it should not be linked to the PDSCH EPRE of the UE scheduled on a particular PRB. It should also not depend on scheduling Rel-8 or Rel-10 UEs. Keeping this constraint in mind, the CSI-RS cannot directly borrow the power of the punctured or emptied PDSCH REs.

In fact, the CSI-RS EPRE should be defined prior to scheduling decisions, thus downlink power control on PDSCH REs for Rel-8 and Rel-10 UEs should follow the power assignment for the CSI-RS and be chosen to meet the constraints on total transmit power and power boosting limit (6 dB). It is natural to define the CSI-RS EPRE as a function of the CRS EPRE. Considering that different combinations of number of CRS ports and number of CSI-RS ports are configurable, it should be possible to configure that the CSI-RS EPRE be either lower or higher than the CRS EPRE, in order to guarantee that the quality of channel estimation on CSI-RS.

Design considerations for the CSI-RS EPRE are summarized below:

· Same data RE power between a data RE in the OFDM symbol containing CSI-RS and a data RE in the OFDM symbol without CSI-RS/Rel-8 CRS is assumed within a subframe (agreement at RAN1#60)

· The total power of an OFDM symbol that contains CSI-RS should not exceed the maximum transmit power (RF requirement)

· CSI-RS EPRE has maximum 6dB power boosting over PDSCH EPRE (RF requirement)

· The defined CSI-RS EPRE should guarantee the CQI and PMI measurement accuracy

· Control signaling overhead should kept small

· Maximum power utilization should be approached

· Backward compatibility with Rel-8 UEs

Proposal 4: The CSI-RS EPRE is defined in reference to the CRS EPRE. The ratio of CSI-RS EPRE to the CRS EPRE is configurable.

4 Conclusion

In this contribution, signalling for the serving cell CSI-RS pattern was discussed based on CSI-RS patterns agreed in RAN1#61bis meeting. The following principles of CSI-RS pattern signalling are proposed:

· Proposal 1: two methods offering trade-offs between overhead and complexity can be further considered:

· 6 bits explicitly indicate the number of CSI-RS ports and the CSI-RS pattern of the serving cell by exploiting the nested property of the CSI-RS patterns for 2/4/8 ports

· 3 bits implicit method based on the physical layer Cell ID, including 2 bits for signaling the number of CSI-RS ports and 1 bit to signal the use of OFDM symbols {8,9} or {8,10}
· Proposal 2: The CSI-RS of the serving cell cannot be located in subframes 0/4/5/9 for FDD.

· Proposal 3: 6 bits jointly indicate the subframe offset and duty cycle of the CSI-RS pattern of the serving cell, with possible duty cycle of 5, 10, 20, 30 and 40 ms.

· Proposal 4: The CSI-RS EPRE is defined in reference to the CRS EPRE. The ratio of CSI-RS EPRE to the CRS EPRE is configurable.

Finally, it is recommended that the SIB2 contains the bits for signalling the configuration of CSI-RS ports of the serving cell.
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