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1 Introduction

Channel State Information Reference Signal (CSI-RS) is introduced in Rel-10 for generating CSI via measuring spatial channels corresponding to each Antenna Port (AP). The CSI, including Channel Quality Indicator (CQI), Precoding Matrix Indicator (PMI), Rank Indicator (RI), is fed back to eNB by User Equipment (UE) for determining appropriate transmission modes and scheduling options.
Topics including CSI-RS density, muting, multiplexing and pattern design have been discussed for several meetings. The CSI-RS patterns for 2, 4 and 8 ports have been agreed in RAN1#61bis meeting [1]. Naturally, the UE needs the knowledge of CSI-RS patterns employed by the serving cell and by the neighbor cell, before it can measure and send CSI feedback to eNB with respect to the scenarios of for example Coordinated Multi-Point (CoMP) transmission or Heterogeneous Networks (HetNet). CSI-RS related configuration information such as transmission periodicity and location information etc. should be indicated to UE for its proper use. Therefore, the design of signaling is essential for the CSI-RS function in Rel-10.
In this contribution, the design of downlink CSI-RS signaling is discussed from several aspects, including signaling content, method and impact on specification. Our suggestions are also provided.
2 Design of downlink CSI-RS signaling
On downlink CSI-RS signaling design, we will consider the following aspects:
· Signaling content: What information needs to be delivered to UE?
· Signaling method: How to transmit the signaling information?
· Specification impact: What needs to be standardized?
2.1 Information to be signalled
CSI-RS is cell-specific reference signal designed for channel state measurement. The Rel-10 UE needs to be aware of the existence and exact location of CSI-RS before it can measure and feedback the channel state.
The CSI-RS signaling should at least contain two parts:

2.1.1
The exact location of the subframe(s) carrying CSI-RS in a radio frame
The location of CSI-RS-carrying subframe in a radio frame can be derived from the CSI-RS transmission periodicity and the starting subframe index. As agreed in RAN1#59 meeting [2], multiple of 5 ms is the baseline for further evaluation and 10 ms periodicity is prioritized. Considering the trade-off between CSI-RS signaling overhead and the CSI measurement accuracy, the set of {5ms, 10ms} may be sufficient as potential options for periodicity.

According to the email discussion about CSI-RS at RAN1#61 [3], all companies agreed that resources allocated to CSI-RS should avoid the present control region (PCFICH/PDCCH, SCH, PBCH), CRS and Rel-9/10 DM-RS. Therefore, these should be taken into account when choosing the candidate subframe for CSI-RS transmission:

· PSS/SSS are transmitted in subframe #0/#5 in FDD mode

· PSS is transmitted in subframe #1/#6 and SSS in subframe #0/#5 in TDD mode

· PBCH is transmitted in subframe #0
We summarize the candidate subframes for CSI-RS transmission in Table 1:

Table 1: Candidate subframes for CSI-RS transmission.
	Frame Structure Type
	Periodicity
	Candidate subframe index for CSI-RS transmission

	FDD
	5ms, 10ms
	1, 2, 3, 4, 6, 7, 8, 9

	TDD
	5ms, 10ms
	2, 3, 4, 7, 8, 9


2.1.2
The CSI-RS pattern of the serving cell

For the CSI-RS pattern of serving cell, the following was agreed at RAN1#60[4]:

· CSI RS pattern for {2,4,8} CSI-RS ports

· Port 0 is fully configured (started subframe index, OFDM symbol, frequency location) by L3 signaling and/or tied to system parameters

· The other ports follow port0 (implicit)
Furthermore, it was agreed at RAN1#61 [5] that a time-invariant time/frequency shift is used in a cell. Therefore, when the UE get the information of frame structure type, CP type, the number of CSI-RS ports used by eNB and the CSI-RS’ location for port 0, the specific pattern of serving-cell CSI-RS can be derived.
· Frame structure type and CP length
The UE can detect the frame structure type through Primary Synchronization Signal (PSS) detection at the initial stage of cell search. The CP length can be obtained by checking the precise location of the Secondary Synchronization Signal (SSS).

· The number of CSI-RS ports used
The number of CSI-RS ports used needs to be signaled to the UE. According to existing CSI-RS port configuration {2, 4, 8}, a field needs to be defined for indicating which port configuration is used by the eNB. Thus two bits are sufficient for this purpose.
· The location of CSI-RS for port 0
According to the agreements from RAN1#61bis [1], each element of a CSI-RS pattern uniquely maps to a specific RE location. Thus, it is beneficial to define a pattern index list, based on which the CSI-RS pattern for port 0 can be mapped to its corresponding location. In such a case, in order to acquire the location information of CSI-RS for port 0, the pattern index of CSI-RS should be indicated to the UE by L3 signaling (explicit) or through system parameters (implicit).

Based on the above discussion, the parameters configuration for CSI-RS can be structurized as:

CSIRS_Configuration {








Periodicity,








Starting_Subframe_Index,







Number_of_Ports_Used,







Pattern_Index

}

Proposal 1: The CSI-RS signaling information should at least include periodicity, starting subframe index, the number of ports used and location information of the CSI-RS pattern for the serving cell. 
2.2 Signaling methods
2.2.1
Signaling options
First of all, let us have the look at the system parameters that may be utilized for delivering CSI-RS information at the network initialization stage. According to the cell search procedure for initial access, the UE can only acquire limited system information, including physical cell ID, CP length, duplex mode (FDD/TDD), eNB AP configuration, downlink system bandwidth, PHICH structure and SFN. The detailed procedure is shown in Fig.1. Since the PBCH only carries very limited system information, more system information needs to be delivered by System Information Block (SIB) from BCCH, which are transmitted in PDSCH.
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Fig.1: Initial cell search procedure at the UE.
The design methodology for CSI-RS signaling can be classified into two types: implicit signaling and explicit signaling.
Option 1: Implicit signaling of CSI-RS configuration

This option is similar to the CRS design which is based on Cell-ID
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. More specifically, the CSI-RS pattern can be tied to Cell-ID, SFN and PBCH segment index and can autonomously implicitly derived from these system parameters [6]. However, this method may complicate Cell-ID planning for network deployment when considering inter-cell CSI-RS patterns, and may result in loss of flexibility in Rel-10 deployment scenarios such as HetNet and CoMP [3]. Moreover, one important aspect which should be considered is that the UE needs to know the CSI-RS location of neighbor cells and PDSCH muting configuration (if supported) for multi-cell CSI measurement. Such information may not be available through implicit signaling due to limited system parameters available during the network initialization.

Option 2: Explicit signaling of CSI-RS configuration

Alternatively, explicit signaling can be used to inform the UE about CSI-RS configuration information mentioned in Section 2.1. The advantages of this option include minimized network planning effort, good backward compatibility, simplified signaling design and improved flexibility for deployment. On the other hand, it may be easier to inform the UE through explicit signaling that which reuse pattern is used in the serving cell, since there may exist a large number of CSI-RS reuse patterns under inter-cell environment especially when the number of CSI-RS ports is small, which makes signaling difficult if implicit methods are employed.
Proposal 2: Explicit signaling of CSI-RS configuration information is adopted.

2.2.2
Methods for explicit signaling
The possible explicit signaling methods may include:

· PBCH
· PDCCH
· Higher-layer signaling
Option 1: PBCH

PBCH is mainly used to transmit Master Information Block (MIB), which includes a limited number of the most frequently transmitted parameters that are essential for the UE’s initial access to the network. The design requirements for PBCH are [7]:
· Detectable without prior knowledge of system bandwidth

· Low system overhead

· Reliable reception at the cell edge

· Decodable with low latency and low impact on UE battery life

If PBCH is used for CSI-RS signaling, Rel-8/9 UEs will be unable to decode MIB and thus fail to access the network. Therefore, considering the limited resources in MIB and backward compatibility issues, it is not appropriate to embed CSI-RS signaling information in PBCH.
Option 2: PDCCH

PDCCH is used to transmit downlink control and scheduling information. Different DCI formats are used for different transmissions. If the CSI-RS configuration information is transmitted via PDCCH, a new DCI format should be introduced, which will increase the blind decoding complexity at the UE. Furthermore, the resource in PDCCH is rather scarce. This makes it challenging to accommodate additional information.
Option 3: Higher-layer signaling
SIB is transmitted in PDSCH as part of RRC signaling. For example, cell access related parameters and scheduling information is transmitted in SIB-1, common and shared channel configuration is transmitted in SIB-2, and so on. In Rel-10 systems, the UE should be able to perform initial access without the knowledge of CSI-RS. Therefore, CSI-RS configuration information does not necessarily have to be delivered during the initial access stage. This makes it possible to use SIB for delivering the CSI-RS configuration information, which has no impact on Rel-8/9 UE and no explicit design restriction on Rel-10 UE.
Proposal 3: The CSI-RS configuration information is transmitted through higher-layer signaling (e.g. SIB-2).
2.3 Impact on current specification
The signaling design for CSI-RS should keep backward/forward compatibility and minimizing impact on specification. The SIB-2 related fields can be introduced to accommodate the CSI-RS configuration information, which has moderate impact on current specification.
3 Further considerations
On downlink CSI-RS signaling design, the following aspects need further considerations:
· The optimal method for indicating CSI-RS specific location in radio subframe.
· The exact methods for the UE to derive CSI-RS patterns for all CSI-RS ports used other than port 0 from the location information of CSI-RS pattern for port 0.
· CSI-RS sequences generation and resource elements mapping methods.
4 Conclusion

In this contribution, various aspects of the CSI-RS signaling design are discussed. Our proposals are summarized as follows:
Proposal 1: The CSI-RS signaling information should at least include periodicity, starting subframe index, the number of ports used and location information of the CSI-RS pattern for the serving cell.
Proposal 2: Explicit signaling of CSI-RS configuration information is adopted.

Proposal 3: The CSI-RS configuration information is transmitted through higher-layer signaling (e.g. SIB-2).
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