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1 Introduction

In RAN1#69, RAN1 concluded that CSI-RSRQ is not included in Rel-11. A LS [1] was sent to RAN2 and RAN4 with a working assumption on the definition of CSI-RSRP, where port 15 is mandatory for measuring CSI-RSRP. The measurement bandwidth and the maximum size of the CoMP resource management set are left to RAN4 to decide. RAN2 is discussing the need for signalling a parameter relative to the power boosting level of CSI-RS. The remaining aspect for RAN1 to consider is how to handle the antenna ports R16~22. RAN1 is considering the three alternatives listed below:

· Alt1: R16 recommended (“should”) and R17~22 optional (“may”)

· Alt2: R16 recommended (“should”)

· Alt3: R16 FFS between “shall” and “may”

Note that when AP16 is configured, RAN1 expects the accuracy of a measurement that exploits the presence of AP16, in which case the accuracy in the 2Tx case will be similar as the 1Tx case. A recommendation is provided in this contribution based on performance evaluation.
2 Discussion on Antenna ports for CSI-RSRP measurements
The number of antennas ports that should be used for CSI-RS RSRP measurement depends on the accuracy of CSI-RS based RSRP measurement. If the accuracy of measurement can be guaranteed, it is preferred to mandate the use of as few antenna ports as possible. In any case, CSI-RSRP measurement accuracy should be met in cases where transmission points are equipped with a single physical antenna; therefore, based on a single CSI-RS port per CSI-RS resource. The accuracy obtained in this case should be the baseline for cases where more than one CSI-RS port is configured per CSI-RS resource.

When two CSI-RS ports are configured, the two ports are separated by an orthogonal cover code of length two and they are transmitted on the same resource elements. This means the transmission power for each CSI-RS port is half of the transmission power that would be used for a single CSI-RS port if only one port were transmitted (as shown in Figure 1). Therefore, the RSRP measured on each CSI-RS port will have lower accuracy in case two CSI-RS ports are transmitted but only one port is configured to the UE.
In order to compensate for this loss of accuracy, a UE may need to always measure the RSRP on two CSI-RS ports if two CSI-RS ports are configured. If more than two CSI-RS ports are configured in a CSI-RS resource, measuring RSRP on e.g. four ports would further increase the measurement accuracy, but it seems unnecessary to mandate the measurement accuracy beyond what can be achieved in cases where just one or two ports are configured.
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Figure 1. Illustration of AP15 and AP15/16 transmission from one transmission point (TP)
3 Simulation results for Antenna ports 15 and 16
The three cases in Table 1 were simulated:
Table 1 – simulation cases for CSI-RSRP measurements
	
	Antenna ports transmitted by the transmission point
	Antenna ports configured for the UE and used for CSI-RSRP

	Case 1
	AP15
	AP15

	Case 2
	AP15 and AP16
	AP15

	Case 3
	AP15 and AP16
	AP15 and AP16


In the following simulation results, Figure 2 shows CSI-RSRP measurement performance comparison between Case1 and Case2 and Figure 3 shows CSI-RSRP measurement performance comparison between Case1 and Case3. For more simulation results and simulation assumptions, please refer to [2].
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Figure 2. CSI-RSRP measurement performance comparison between Case1 and Case2
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Figure 3. CSI-RSRP measurement performance comparison between Case1 and Case3
In Figure 2, it is observed that Case1 (measuring CSI-RSRP on AP15 when only AP15 is configured) significantly outperforms Case2 (measuring CSI-RSRP on AP15 only when both AP15 and 16 are configured). Therefore a UE would not meet performance requirements defined on Case1 if the UE did not measure RSRP on AP16 when AP16 is transmitted.

In Figure 3, it is observed that Case3 (measuring CSI-RSRP on both AP15 and AP16 when both AP15 and 16 are configured) has very similar performance as Case1 (measuring CSI-RSRP on AP15 when only AP15 is configured), so using AP16 allows to achieve very similar measurement accuracy as Case1. Appropriate performance requirements based on Case1 and Case3 should be defined in RAN4.

Observation: from the above simulation results, measuring CSI-RSRP on antenna port 15 only is not sufficient when both antenna ports 15 and 16 are transmitting and configured for the UE.

4 Conclusions

This contribution provides an analysis of the number of antenna ports necessary for accurate CSI-RSRP measurements. It was observed that CSI-RSRP measurement based on only antenna port 15 cannot satisfy the accuracy requirement when both ports 15 and 16 are transmitted. Therefore, both antenna port 15 and antenna port 16 should be mandatory for RSRP measurement when they are configured. The corresponding text for 36.214 is shown in the proposal below.
Proposal: If R16 is configured, R16 should be used in addition to R15 to determine CSI-RSRP.
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