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1 Introduction

In RAN1#77, RSSI measurement and RSRQ based on discovery signal was further discussed and the following agreements were made.
Agreements:
· UE assumes PSS/SSS/CRS in the DRS
· Additionally CSI-RS is assumed in the DRS for measurement if configured by higher layers

· CRS-based RSRP measurements are supported, and CSI-RS –based RSRP measurements are supported
· UE may report DRS-based RSRP/RSRQ and associated PCID and information for TP identification

· RRM measurement configuration and reporting details are up to RAN2
After email discussion, the following alternatives were proposed and discussed:

Alt 1: Discovery RSSI (DRSSI) is measured on configured subframe(s) on OFDM symbols that cannot contain signals potentially present in a DRS occasion, independently of whether the UE is configured to report CSI-RS-based RRM measurements

· FFS which OFDM symbols depending on CP length and frame structure type
· Alt1 may require a new equation of RSRQ with a scaling factor in the denominator
· FFS is this scaling factor would be fixed or could be adjusted by the network

Alt 2: Discovery RSSI (DRSSI) is measured outside DRS occasions on OFDM symbols that contain CRS port 0.

Alt 3: Measure and average RSSI over all OFDM symbols in a subframe.

· FFS in which subframes RSSI would be measured (note: for eICIC the subframes are signaled)

Alt 4: Measure and average RSSI over OFDM symbols containing CRS port 0.

· Assuming no change to the Rel-8 definition, Alt 4 means RSSI is measured in the same OFDM symbols used for RSRP measurements based on DRS

In this contribution, further discussion on the alternatives is provided.
2 Discussion
RAN1 has agreed to support DRS-based RSRP (DRSRP). The DRSRP may reuse the current definition and measure the resource elements that carry discovery reference signals within the considered measurement frequency bandwidth. However, DRS-based RSRQ (DRSRQ) and RSSI (DRSSI) may need to be further discussed, because OFF-state small cells will only transmit DRS without PDSCH transmission in small cell on/off scenarios. If DRSSI is a measure of the linear average of the total received power (in [W]) observed in the OFDM symbols that contain CRS port 0 of DRS in the measurement bandwidth, the DRS power of neighbor OFF-state small cells may be included into the DRSSI. DRSSI may be overestimated and cannot reflect the actual channel interference level and the traffic load of the measured frequency bandwidth. 
In email discussion [77-10], the four alternatives for this issue were proposed and discussed. We use following cases to analyze the alternatives:
(a) A measured ON-state small cell is close to many OFF-state small cells

(b) A measured ON-state small cell is close to many ON-state small cells

(c) A measured OFF-state small cell is close to many OFF-state small cells

(d) A measured OFF-state small cell is close to many ON-state small cells

Alt 3 & Alt 4: Alt 3 and Alt 4 may be able to use the current definition of RSRQ. Alt 4 reuses the Rel-8 RSSI definition and measures DRSSI in the same OFDM symbols used for DRSRP measurements. In case (b) and (d), the neighbor ON-state small cells will transmit DRS with PDSCH transmission so that Alt 4 (Rel-8 definition) will be able to reflect the interference level and the traffic load of the measured frequency bandwidth due to PDSCH transmission. However, OFF-state small cells will only transmit DRS without PDSCH transmission. Alt 4 may not be able to reflect an obvious difference between the DRSSIs of case (b) and (c) due to the DRSSIs including the signal power of DRSs of the neighbor OFF-state small cells. The DRSSIs of case (a) and (b) also have the same issue.
Alt 3 measures and averages RSSI over all OFDM symbols in a subframe to reduce the rate of the measurement resource elements that carry discovery reference signals within the all measurement resource elements. Alt 3 still measures and averages RSSI including the DRS power of the neighbor OFF-state small cells, but Alt 3 can more obviously reflect the differences between the DRSSIs of case (a) and (b) and between the DRSSIs of case (c) and (d). In addition, Alt 3 may need to modify the denominator of the RSRQ equation to put back the CRS or DRS power of the measured small cell for the comparability among legacy RSRQ, CRS DRSRQ, and CSI-RS DRSRQ.
Therefore, we have the following observation:
Observation 1: Alt 4 reuses the Rel-8 RSSI definition and Alt 3 can more obviously reflect the differences between the DRSSIs of case (a) and (b) and between the DRSSIs of case (c) and (d).
Observation 2: Alt 3 may need to modify the denominator of the RSRQ equation to put back the CRS or DRS power of the measured small cell for the comparability among legacy RSRQ, CRS DRSRQ, and CSI-RS DRSRQ.
Alt 1 & Alt 2: Alt 1 and Alt 2 may require a new equation of RSRQ with a scaling factor in the denominator. The new equation of RSRQ may be the equation of [1], RSRQ = N*RSRP /(N*RSRP+DRSSI). Alt 1 and Alt 2 both measure and average RSSI excluding the DRS power of OFF-state small cells but Alt 2 measures outside DRS occasions on OFDM symbols that contain CRS port 0 to include the CRS power of the neighbor ON-state small cells. Alt 2 could more obviously and correctly reflect the differences between the DRSSIs of case (a) and (b) and between the DRSSIs of case (c) and (d). However, Alt 1 and Alt 2 may require a new equation of RSRQ with a scaling factor in the denominator, and also need to modify the denominator of the RSRQ equation to put back the CRS or DRS power of the measured small cell for the comparability among legacy RSRQ, CRS DRSRQ, and CSI-RS DRSRQ. The results of [2] show that RSRQs of Alt 1 are much higher than RSRQs of Alt 4 (Rel-8 definition) under various SINRs. The new equation of RSRQ may need to be further discussed.
Observation 3: Alt 1 and Alt 2 both measure and average RSSI excluded the DRS power of OFF-state small cells but Alt 2 measures outside DRS occasions on OFDM symbols that contain CRS port 0 to include the CRS power of the neighbor ON-state small cells.
Observation 4: Alt 1, Alt 2, and Alt 3 need to modify the denominator of the used RSRQ equation to put back the CRS or DRS power of the measured small cell for the comparability among legacy RSRQ, CRS DRSRQ, and CSI-RS DRSRQ.
3 Conclusions

In this contribution, we further discuss the alternatives for RSSI measurement based on discovery signal. Considering the discussion, we have the following observations:
Observation 1: Alt 4 reuses the Rel-8 RSSI definition and Alt 3 can more obviously reflect the differences between the DRSSIs of case (a) and (b) and between the DRSSIs of case (c) and (d).
Observation 2: Alt 3 may need to modify the denominator of the RSRQ equation to put back the CRS or DRS power of the measured small cell for the comparability among legacy RSRQ, CRS DRSRQ, and CSI-RS DRSRQ.
Observation 3: Alt 1 and Alt 2 both measure and average RSSI excluded the DRS power of OFF-state small cells but Alt 2 measures outside DRS occasions on OFDM symbols that contain CRS port 0 to include the CRS power of the neighbor ON-state small cells.
Observation 4: Alt 1, Alt 2, and Alt 3 need to modify the denominator of the used RSRQ equation to put back the CRS or DRS power of the measured small cell for the comparability among legacy RSRQ, CRS DRSRQ, and CSI-RS DRSRQ.
Based on the above observations, we prefer that DRSSI is measured on configured subframe(s) on OFDM symbols that cannot contain signals potentially present in a DRS occasion (Alt 1) or is measured outside DRS occasions on OFDM symbols that contain CRS port 0 (Alt 2), because both more correctly reflect differences of DRSSIs of different cases.
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