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1 Introduction
In the meeting of RAN#61, the technical report including efficient discovery of small cells was approved [1]. The text contains the performance evaluations of legacy synchronization signal (PSS/SSS/CRS) based scheme and potential enhanced schemes based on existing reference signals (CSI-RS and PRS) under small cell scenarios. Status report (SR) of small cell enhancements [2] was also approved later in RAN#61 meeting and the following direction regarding small cell discovery enhancements was agreed:
· Enhanced mechanisms, procedures and measurements to assist adaptation with reduced transition time scales
In this contribution, we provide analysis and comparison of the potential schemes for measurement enhancement.  
2 Measurement to support small cell on/off  
As agreed in the SR of small cell enhancements, the small cell discovery enhancement should support  small cell on/off in a single-carrier or multi-carrier operation within a short time period, by enhancing the transmission and/reception of existing SS/RS, including that of PSS/SSS/CRS, CSI-RS and PRS. When a small cell is in the off state, to avoid its generating unnecessary interference upon other UEs, the small cell may only transmit discovery signal in the downlink. The small cell is still discoverable by detecting its burst discovery signal for nearby UEs. When condition becomes favorable to turn the small cell back on, the small cell could resume full downlink transmission.  In this scenario, UE may rely only on discovery signal for measurement, e.g. RSRP/RSRQ, and network utilizes the reported measurements as criteria to perform on/off operations. Currently in RAN4 specification [3], minimum measurement accuracy requirement is defined as: [-6 6] dB for absolute accuracy and [-2 2] dB for relative accuracy. In the following sections, we evaluate the RSRP measurement accuracy based on PSS/SSS and CSI-RS signal respectively.
2.1 PSS/SSS based RSRP measurement

One possible candidate for discovery signal is to reuse the PSS/SSS synchronization signal. To reduce the interference created by CRS, PSS/SSS could be the only signal transmitted in OFF state and hence the RSRP measurement maybe performed based on PSS/SSS only. Assuming synchronized small cell deployment, PSS/SSS signals from all the small cells collide together and UE received SINR of interested small cells could be quite low. Figure 1 shows the geometry conditions experienced by UE in small cell deployment 2a with densities 10 cells per cluster. As pointed out in our companion paper [4], UE needs to reliably detect the three strongest small cells. Reading from the figure, the 10 percentile SINR of the third strongest small cell can go as low as -16dB. 
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Figure 1 CDF of PSS/SSS SINR of the 10 strongest cells in scenario 2a
Link level RSRP measurements based on PSS/SSS with different measurement samples are evaluated and the results are plot in Figure 2 and 3 respectively. It can be observed that for one sample PSS/SSS based RSRP measurement, the 90%ile of error for SINR as low as -12dB exceeds 6dB and hence cannot meet current RAN4 measurement accuracy requirement. The measurement accuracy is improved with increased number of measurement samples, e.g. 4 samples in Figure 3. Actually the results shows that the RAN4 minimum requirement could be met with 4 sample PSS/SSS based RSRP measurement at SINR equals -12dB.  
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Figure 2 CDF of 1 sample PSS/SSS based RSRP measurement error
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Figure 3 CDF of 4 sample PSS/SSS based RSRP measurement error
2.2 CSI-RS based RSRP measurement

Thanks to the orthogonal allocation of CSI-RS resource for the neighboring small cells, UE could enjoys much improved geometry compared to the colliding PSS/SSS scenario. Figure 4 show the resulting CSI-RS SINR distribution for the same small cell deployment scenario, i.e. scenario 2a with 1 cluster per cell and 10 small cells per cluster. It is observed that the 10%ile CSI-RS SINR of the third strongest small cell can be improved to 4dB.
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Figure 4 CDF of CSI-RS SINR of the 10 strongest cells in scenario 2a
Link level RSRP measurements based on CSI-RS with different measurement samples are evaluated and the results are plot in Figure 5 and 6 respectively. It can be observed that for one sample CSI-RS based RSRP measurement, the 90%ile of error for SINR at 4dB is within 6dB and hence can meet current RAN4 measurement accuracy requirement. The measurement accuracy could be improved with increased number of measurement samples, e.g. 4 samples in Figure 6. 
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Figure 5 CDF of 1 sample CSI-RS based RSRP measurement error
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Figure 6 CDF of 4 sample CSI-RS based RSRP measurement error
3 Conclusions
In this contribution, the RSRP measurement based on PSS/SSS and CSI-RS signal are evaluated. The results shows that for RSRP measurement based on 1 sample PSS/SSS, the measurement accuracy cannot meet RAN4 requirement. Accuracy can be improved by accumulating more samples and meet the RAN4 minimum requirement. For CSI-RS based RSRP measurement scheme, benefiting from orthogonal CSI-RS resource allocation and CSI-RS wideband characteristics, better accuracy performance can be achieved. The simulation results show that even with one shot CSI-RS based RSRP measurement it is already good enough to pass the RAN4 RSRP accuracy requirement.

References 

[1] 3GPP TR 36.872 V12.0.0 (2013-09), “Small cell enhancements for E-UTRA and E-UTRAN - Physical layer aspects (Release 12)”.
[2] RP-131373
, “Status report for SI Study on Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-layer Aspects”, Huawei, RAN1#74

[3] 3GPP TS 36.133-b20.
[4] R1-135381, “Design target for discovery enhancement”, Huawei, HiSilicon, RAN1#75.






