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1 Introduction
In TSG RAN WG1 #68 the following was agreed as working assumption for CSI-RS based signal quality measurements:

· Introduce CSI-RS based received signal quality measurement (e.g. RSRP) and reporting, at least for the following purpose:

· CoMP measurement set management for CSI feedback (according to the definition in TR36.819).

· This functionality is configurable by network

· Note that this proposal does not have any impact on inter-cell mobility handling
· For the purpose of the CSI-RS based received signal quality measurement, the UE may assume the timing of the received CSI-RSs is the same as that derived from the PSS/SSS of the serving cell

· Note that this does not imply anything about the assumed timing for other measurements 
In TSG RAN WG1 #68bis it was further agreed that

· The CSI-RS based received signal quality measurement would at least be CSI-RS RSRP

In the following we discuss the remaining issues of the CoMP Resource Management measurements, and propose definitions for the CSI-RSRP and the CSI-RSRQ.
2 Discussion

A fundamental difference between the RSRP/RSRQ measurements performed on CRS for mobility measurements, and the CSI-RSRP/CSI-RSRQ now under discussion, is that the latter measurement is fully configured by the network, contrary to the CRS based RSRP/RSRQ, which is blindly detected by a UE. Hence for the CSI-RSRP and CSI-RSRQ measurements the UE is expected to fully know for each CSI-RS resource, for example,

· The system bandwidth

· The number of CSI-RS antenna ports

· The power measurement offset, Pc

· The CSI-RS configuration

· The CSI-RS subframe offset

· The CSI-RS periodicity

The latter three properties completely determine the resource elements in which the CSI-RS is transmitted. 

2.1 Antenna ports used for the measurements

For CRS based RSRP measurements, the terminal cannot be expected to know the number CRS ports, since it typically has not decoded the associated system information at the time of the RSRP measurement. For that reason, the CRS based RSRP measurements only mandate the use of the first CRS port, 
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, for the RSRP measurement. The second port,
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, may be used in addition if the terminal can reliably detect its presence. 

Observation:

· The CRS based RSRP measurements only mandate the use of the first CRS port for the measurement, because the number of available CRS ports is unknown to the terminal.
However, for CSI-RS based RSRP and RSRQ measurements, there is no uncertainty involved with the number of present CSI-RS ports, since it has been configured as part of the measurement configuration. Therefore, there is nothing preventing the use of all configured CSI-RS ports to be involved in the measurement. However, since there is some computational complexity involved with increasing the number of ports, a reasonable conclusion is to mandate that the first two ports (if present) should be used for the measurement.

Note also that the two first ports of the CSI-RS share the same CDM group and hence are mapped to the same set of resource elements (more specifically, to the same OFDM symbols and subcarriers). It therefore makes sense to treat them jointly also for the CSI-RSRP and CSI-RSRQ measurements.

Observations:

· For the CSI-RSRP/RSRQ the UE knows the number of CSI-RS ports, hence all CSI-RS ports can be reliably detected and used for the measurements.

· The first two CSI-RS ports share the same CDM group and hence the same set of resource elements. 

Proposal:

· If the number of CSI-RS antenna ports exceeds one, the two coupled ports, 
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and 
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are used for the CSI-RS measurement

2.2 Bandwidth for the measurements

For the CRS based RSRP and RSRQ measurements the considered measurement bandwidth could be configured by the network. The system bandwidth of the neighboring cells was unknown to the terminal, so all RSRP measurements were restricted to this bandwidth.

However, for CSI-RSRP/RSRQ the same system bandwidth as the serving cell can be assumed for the measurement. This is particularly true, since the CSI-RSRP measurement particularly targets scenario 4, where all transmission points necessarily share the same system bandwidth.
Proposal:


* For the CSI-RSRP and CSI-RSRQ measurement the full system bandwidth is used for the measurement

2.3 Support of CSI-RSRQ

The RSRQ is a relative measure that relates to the SINR of the reference signal, and is defined as [2]
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where RSSI is the Received Signal Strength Indicator defined as the average total received power in a OFDM symbol (including the reference signal received power)  and N  is the RSSI measurement bandwidth in RBs (note also that the RSSI is required to be measured on the same set of resource blocks). Hence there is a close relation to the SINR of the reference signal:
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Observation:

· The CRS based mobility measurements are composed of two components
· RSRP which is the received reference signal power in watts
· RSRQ which relates to the accuracy (SINR) of the RSRP measurement
For the network, to a large extent the same information is needed to determine a CoMP Measurement Set as for a handover decision. In particular both the actual quality measurement (RSRP) as well as the accuracy of the measurement (RSRQ) is needed. Moreover, from a RAN4 perspective it is desirable that the current definitions and testing methodology can be reused to as large extent as possible.

Proposals:

· Reuse the CRS based mobility measurement framework also for CSI-RS based signal quality measurements
· Introduce, in addition to CSI-RSRP also a CSI-RSRQ measurement 
Moreover, the RSSI used for the definition of the CSI-RSRQ should accurately reflect the interference (total received power) on the resource elements that actually contain the CSI-RS; that is, the interference reduction on the CSI-RS achieved by the muting configurations in neighboring transmission points, should be reflected in the RSSI as to reflect the accuracy of the RSRP measurement.

Proposal:

· The CSI-RS RSSI (received signal strength indicator) should only integrate the received power in resource elements (or more specifically, in subcarriers in OFDM symbols) that contain port 15 (and hence also port 16), of the CSI-RS

3 Definition of CSI-RSRP
Reflecting the above proposals for the CSI-RSRP measurements the existing definition for the CRS based RSRP can be readily extended. It should be noted that the CSI-RS ports are CDM multiplexed (in groups of two), however in the following proposed definition the CSI-RSRP corresponds to the expected received signal power per resource element. However, a UE implementing the measurement is expected to perform the CDM combining of each involved port.
---------------------------- Beginning of proposed definition ------------------------------------------------

Channel State Information Reference Signal Received Power (CSI-RSRP)

Channel State Information Reference Signal Received Power (CSI-RSRP), is defined as the linear average over the power contributions (in [W]) of the resource element that carry channel-state information reference signals within the system bandwidth.

The channel-state information reference signal port, 
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, according TS 36.211 [3] shall be used. If port, 
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, is available it shall be used in addition to port, 
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, to determine RSRP.

The reference point for the CSI-RSRP shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding CSI-RSRP of any of the individual diversity branches.

---------------------------- End of proposed definition ------------------------------------------------
4 Definition of CSI-RSRQ

Similarly the current definition of RSRQ for CRS can be extended to a CSI-RS based RSRQ definition. In the following proposal, the CSI-RS RSSI is defined as the average total received power in a subcarrier of an OFDM symbol.
---------------------------- Beginning of proposed definition ------------------------------------------------

Channel State Information Reference Signal Received Quality (CSI-RSRQ)
Channel State Information Reference Signal Received Quality (CSI-RSRQ) is defined as the ratio CSI-RSRP/(CSI-RS RSSI). 
The measurements in the numerator and denominator shall be made over the same set of resource blocks.

CSI-RS Received Signal Strength Indicator (CSI-RS RSSI), comprises the linear average over the total received power (in [W])  in a subcarrier of an OFDM symbol, observed only in OFDM symbols and subcarriers containing the channel state information reference symbols for antenna port 15, over the system bandwidth, from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. 

The reference point for the CSI-RSRQ shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding CSI-RSRQ of any of the individual diversity branches.
---------------------------- End of proposed definition ------------------------------------------------
5 Conclusions
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