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1 Introduction

During the email discussion after RAN1#77 meeting, some agreements related to DRS based RSRQ measurement were made as following,
Agreements:
· A single RSSI definition is introduced in Rel-12 for DRS-based RSRQ

· Discovery RSSI (DRSSI) measurement is used by the UE to derive at least CRS-based RSRQ

· FFS in which subframes and OFDM symbols DRSSI is measured

· FFS how to define RSRQ based on DRSSI

· FFS support of inter-frequency measurements for CSI-RS in the DRS

· FFS support of CSI-RSRQ

In addition, following four alternatives related to resources for DRS based RSSI measurement was discussed and will be focused in RAN1#78 meeting.
· Alt1: 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, we discuss about resources for DRS based RSSI (DRSSI) measurement and necessity of CSI-RS-based RSRQ.
2 Resources for DRSSI measurement
For inter-frequency measurement based on DRS, the subframe and OFDM symbols location for DRSSI measurement need to be discussed and clarified. In the email discussion after RAN1#77 meeting, it is concluded that four alternatives will be focused. So, in this section, we discuss and provide our view on each alternative.
· Alternative 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
This alternative can be considered to prevent DRSSI over-estimation problem from DRS of OFF-cells. In this alternative, it would be able to measure accurate data load since DRS of OFF-cells does not affect to DRSSI measurement.
However, it can cause under-estimation problem of interference from ON-cells with low traffic. In ON-cells with no/low data traffic, DRS can only be transmitted without data in some subframes. Then, if DRSSI measurement in alternative 1 is adopted, interference from these ON-cells would not be reflected although their CRS and DRS interfere to other cells. 

Insufficient OFDM symbol locations for DRSSI measurement would be another issue of this alternative. In TDD system, if OFDM symbols can contain DRS (PSS/SSS, CRS (port-0), and CSI-RS) are excluded from DRSSI measurement symbols, only OFDM symbol #1 can be used to DRSSI measurement when extended CP is assumed. Even if normal CP length is assumed, OFDM symbol #1, and #3 are available for DRSSI measurement. This small amount of OFDM symbols for DRSSI measurement can degrade the measurement accuracy compared to legacy RSSI measurement. 
In addition, computation of RSRQ may be also affected. If most of the small cells are in OFF-state, the DRSSI term can be almost zero, and it can lead very unstable RSRQ value. So, new definition of RSRQ would be required, and it would create more specification impact. 

Another point to consider is asynchronous network deployments where OFDM symbol boundaries of cells may not be aligned. In such cases, measuring RSSI over non-DRS-OFDM-symbols may not offer any benefits. Even though DRSSI measurement in alternative 1 has several issues, this new DRSSI measurement shows similar performance compared to alternative 3 (DRSSI measurement in all OFDM symbols in a subframe) [1].
· Alternative 2: Discovery RSSI (DRSSI) is measured outside DRS occasions on OFDM symbols that contain CRS port 0

To exclude the interference from DRS of OFF-cells, DRSSI can be measured outside DRS occasions. However, this alternative would not be appropriate considering some inter-cell measurement cases. Inter-cell measurement would be performed in measurement gap, and the duration of the measurement gap is 6 msec. In the last meeting, it is agreed that a DRS occasion for a cell comprised N consecutive subframe where N is equal to or less than 5. Then, if DRS is composed with 5 subframes, there is not enough time to measure DRSSI during a 6 msec measurement gap. Even though DRS is transmitted on few subframes (e.g., 1 subframe), subframes for DRSSI measurement would not exist during a measurement gap when U/D configuration with low amount of downlink subframes (e.g., U/D configuration 0) is applied in TDD system. 
· Alternative 3: Measure and average RSSI over all OFDM symbols in a subframe
This alternative would reduce the impact of DRS of small cells in OFF-state. There was a similar issue about RSSI restricted measurement considering eICIC scenarios, and it was handled by measuring over all OFDM symbols in a subframe for a better measurement. Also, RAN4 agreed to introduce higher layer signaling to enable RSSI measurement over the entire OFDM symbols to reflect better load conditions [2]. Furthermore, change of RSRQ definition would not be required with this alternative. Therefore, it would be a natural and simple solution to consider for DRS-based RSSI measurement. Even though DRSSI measurement in this alternative can still reflect the interference from DRS of OFF-state small cells, it shows similar performance compared to alternative 1 [1].
In terms of measurement subframes, one simple approach is to assume subframes within DMTC duration. As discussed in our companion contribution [3], when restricted subframe set is configured for eICIC, further restriction can be applied within DMTC duration. Otherwise, all DRS occasion subframes can be used for RSSI measurements. 

· Alternative 4: Measure and average RSSI over OFDM symbols containing CRS port 0
Though that this approach can also be considered, it is clear that Alternative 3 offers performance benefits over Alternative 4.
Proposal 1: DRSSI is measured over the all OFDM symbols in a subframe.
3 Necessity of CSI-RS-based RSRQ 
A FFS point for DRS based RSRQ measurement is support of inter-frequency measurement for CSI-RS in DRS. However, regardless of the necessity of CSI-RS-based RSRQ, CSI-RS-based RSRQ can be derived by eNodeB. Since DRSSI for CRS-based RSRQ and CSI-RS-based RSRQ are same, CSI-RS-based RSRQ can be calculated from CRS-based RSRP, CRS-based RSRQ, and CSI-RS-based RSRP. So, reporting of CSI-RS-based RSRQ by UE would not be required, and CSI-RS-based RSRQ can be derived by eNodeB if needed.
Proposal 2: CSI-RS-based RSRQ can be derived at the eNodeB from CRS-based RSRP, CRS-based RSRQ, and CSI-RS-based RSRP.
4 Conclusion
In this contribution, we discussed and provide our view on resources for DRS based RSSI (DRSSI) measurement and necessity of CSI-RS-based RSRQ. Based on the discussion, some proposals are given as follows.
Proposal 1: DRSSI is measured over the all OFDM symbols in a subframe.

Proposal 2: CSI-RS-based RSRQ can be derived at the eNodeB from CRS-based RSRP, CRS-based RSRQ, and CSI-RS-based RSRP.
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