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1.  Introduction

On RAN4#62bis, a LS was received from RAN1#68 informing RAN1 working assumption to support 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 [1].  And RAN4 was requests to inform RAN1what timing and measurement accuracy is feasible for CSI-RS based received signal quality measurement. System level simulation assumption [2] and link level simulation assumption [3] was agreed to launch simulations to investigate the measurement time and accuracy for CSI-RS based RSRP. In additional, a LS was sent from RAN4 to RAN1[4] asking clarifications for the actions related to timing accuracy, maximum number of TPs, CSI-RS muting assumption, CoMP management set update, those are expected to use to further narrow down the simulation assumptions.
On the RAN1#68b, the following agreements have been made for CoMP set management:
· CoMP Resource Management Set: The set of CSI-RS resources for which CSI-RS based received signal measurements can be made and reported. 

· These received signal measurements can be used to configure the CoMP Measurement Set. 

· Note that other measurements, such as mobility measurements or SRS, can also be used to configure the CoMP Measurement Set. 

· Note that this is independent of existing mobility measurements and procedures

· How the network decides which CSI-RS resources to include in the CoMP Resource Management Set is up to network implementation. 

· The set of CSI-RS resources in the CoMP Resource Management set and the set of CSI-RS resources in the CoMP measurement set can be independent.

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

In this contribution, we discuss the impact of CSI-RS port amount to the CSI-RS RSRP measurement, and provide preliminary results of link level simulation.
2. CSI-RS-RSRP over single port or multiple ports
A general design principle of LTE is the UE feedback must be testable, and RAN4 is designing corresponding test cases to guarantee correct UE behaviour. The CSI-RS RSRP feedback must be tested too, and a clear related test case definition is needed.
In this section we provide our view on how to define CSI-RS based RSRP. Two alternatives were discussed in RAN1 as follow:
Alt.1 CSI-RS based RSRP is defined based on a single CSI-RS port (similar to CRS based RSRP). 
· UE should derive the RSRP from one pre-defined (or fixed) CSI-RS port (similar to current RSRP is derived from AP0)

· Transmission power of CSI-RS port may be different (full power or half power) according to the number of the Tx antenna (1 or multiple antenna) in the TP. 
· The accuracy of CSI-RS-RSRP might be low because of lower density in the time and frequency domain of CSI-RS compared to CRS.

Alt.2 CSI-RS based RSRP is defined across multiple CSI-RS ports within one CSI-RS resources. 

· UE should derive the RSRP from all CSI-RS port within one CSI-RS resource 

· How the CSI-RS ports are combined to derive the CSI-RS-RSRP is relevant with the performance.
· The accuracy will be improved compared to Alt. 1, as the potential averaging in the antenna port domain is effectively increasing the density.

2.1 RSRP estimation within one antenna port 
As a wideband measurement, RSRP should be derived from CSI-RS REs in all PRBs. Averaging the REs in all PRBs directly in the received power does not help to suppress the noise and interference. Formula 1-3 explains the difference. Where the average power after channel estimation will suppress the noise (formula (2)), but simply averaged power without channel estimation will still include the noise and interference (formula (3)). 
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Thus the channel estimation performance needs to be reliable. Otherwise without the reliable channel estimation, it is hardly to further count on the RSRP measurement.
A simple link level simulation has been conducted to check the CSI-RS-RSRP measured on single-port CSI-RS, and the results are shown in Figure 1. It can be seen that the single-port CSI-RS-RSRP measurement is quite different from traditional CRS-RSRP.  The simulation assumption is based on [3]. The transmission power of CSI-RS per RE is 0dB.
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Figure 1: Average normalized CSI-RS power (derived from single port) under AWGN channel, 10 MHz BW, 200 ms measurement period with 50 ms interval, after channel estimation process. 

Figure 1 shows that in case SNR equal to or larger than high value, e.g. 10dB, the average normalized CSI-RS power after channels estimation for CSI-RS RSRP measurement is 0 or almost 0dB. In this high SNR level, the CSI-RS based RSRP measurement can be assumed with reliable channel estimation. While in case SNR equal to 0dB, the average normalized CSI-RS power after channels estimation is rather poor, showing already a 3dB error in this rather ideal AWGN simulation. And the situation is even worse for the case of SNR -10dB case.
In CSI-RS-RSRP measurement from single-port CSI-RS, unless in high SNR, UE is not able to tell the signal power from interference plus noise power on the measured CSI-RS REs, as show in the figure 1. That implies that it can be used to configure CoMP Measurement Set only when SINR on the measured CSI-RS REs is high enough. Thus we can observe: 

Observation#1: For single CSI-RS port, to ensure reliable channel estimation a high SINR level e.g. 10dB is needed for CSI-RS based RSRP measurement. 
2.2 RSRP estimation across multiple antenna ports
Similarly, RSRP estimation across multiple antenna ports also requires accurate channel estimation. Otherwise, it is impossible to perform coherent combining, i.e. averaging over the channel estimates from different antenna ports.
 For example, antenna port 15 and port 16 cannot be coherent combined to get more accurate CSI-RS-RSRP, and it is different case for CRS-RSRP from antenna port 0 and port 1 where CRS based channel estimation is reliable. Simply combining the power of different antenna ports is not meaningful (see formula 6) since the channels from different antenna are not correlative, and the combining is not providing any interference suppression. But the coherence averaging under reliable channel estimation can provide 3dB gain (formula 7). 
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Observation#2: No matter the RSRP is derived from single antenna port or multiple antenna ports, proper channel estimation is required for RSRP measurement. 
3. CSI-RS based channel estimation in RSRP measurement 
On the previous section, we have observed that the SNR level to ensure reliable channel estimation is at least e.g 10dB for CSI-RS based RSRP measurement. It is really demanding to cell edge case, which is assumed as main scenario for CoMP.
Proper muting (zero-power CSI-RS) may help to guarantee the low interference level on the measured CSI-RS REs and increase the SNR in cell edge, which has also been the reason to introduce CSI-RS muting/ZP-CSI-RS in Rel. 10 in order to improve the CSI-RS channel estimation performance. If we consider 4 TPs for muting, then separate REs (at least 4) for 4 TPs is needed, and we haven’t count into the multiple antenna per TP yet which assume to occupy more REs. If consider more TPs for muting, the overhead of CSI-RS RE for measurement is very considerable. Thus if we mute all TPs within a cell, it’s a large overhead for ZP-CSI-RS. 
Someone may argue that proper muting pattern can be assumed for CSI measurement already, however, it must be noticed that the muting pattern for CSI and RSRP measurement might be different. To some extent, the RSRP measurement result is used to select CoMP measurement set and also relative muting pattern. Chicken-egg problem is inevitable if we assume the proper muting is available at RSRP measurement phase. Therefore the only practical approach is to assume all TPs within one cell are muted to make RSRP measurement in relatively high SINR. RAN4 requirement should be defined with the assumption of limited number of TPs within a cell for this CSI-RS RSRP measurement (e.g. 4 TPs, as assumed also in currently in simulation.)
According to the previous analysis, we have the following proposals:

Proposal #1: Further Study whether CSI-RS based RSRP should be derived from single port or multiple ports. 

Proposal #2: RAN4 shouldn’t assume accurate channel estimation is always available when measuring RSRP. 

Proposal #3: Smart and proper muting plan would require accurate location information of the CoMP UEs which is not supposed be available in RSRP measurement phase. Muting all TPs within a cell (even some TPs in neighbour cell) is the only way to guarantee sufficient SINR for RSRP measurement. 
Proposal #4: Consider the overhead and complexity introduced by CSI-RS muting, RAN4 requirement should be defined with the assumption of limited number of TPs within a cell.

4. Concluding Remarks

In this contribution, CSI-RS based received signal quality was discussed. Open issues impact to RSRP measurement was discussed with preliminary simulation results:
Observation#1: For single CSI-RS port, to ensure reliable channel estimation a high SINR level e.g. 10dB is needed for CSI-RS based RSRP measurement. 
Observation#2: No matter the RSRP is derived from single antenna port or multiple antenna ports, proper channel estimation is required for RSRP measurement. 

Proposal #1: Further Study whether CSI-RS based RSRP should be derived from single port or multiple ports. 

Proposal #2: RAN4 shouldn’t assume accurate channel estimation is always available when measuring RSRP. 

Proposal #3: Smart and proper muting plan would require accurate location information of the CoMP UEs which is not supposed be available in RSRP measurement phase. Muting all TPs within a cell (even some TPs in neighbour cell) is the only way to guarantee sufficient SINR for RSRP measurement. 

Proposal #4: Consider the overhead and complexity introduced by CSI-RS muting, RAN4 requirement should be defined with the assumption of limited number of TPs within a cell.
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