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1 Introduction
In email discussion [77-10], the following alternatives were identified as a starting point for Discovery RSSI (DRSSI):

	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


This contribution provides our views on the remaining issues on DRSSI/DRSRQ considering the agreements in [1]

 REF _Ref394848255 \r \h 
[2]

 REF _Ref394848240 \r \h 
[3].
2  Discussion 
2.1 Common RSSI definition for DRS

There was a discussion in email [77-10] on how to define DRSSI. One proposal was:
Proposal 1: 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
A DRS may comprise CRS and CSI-RS. It may be considered to have separate RSSI definitions for CRS and CSI-RS. However, there is no clear justification for having different RSSI definitions for DRS-based RSRQ. Therefore, it is proposed to confirm the proposal above.

Proposal 1: A single RSSI definition is introduced in Rel-12 for DRS-based RSRQ.

2.2 DRSSI definition
There were discussions on how to define DRSSI in email reflector [77-10] and it was agreed to focus on the four alternatives listed in Section 1. We discuss the alternatives in conjunction with the potential use scenarios.
A DRS occasion comprises N (N<=5) consecutive subframes. This could help to handle inter-cell interference and improve the measurement accuracy by increasing the DRS density in time. With Alt 2 (Discovery RSSI (DRSSI) is measured outside DRS occasions on OFDM symbols that contain CRS port 0), some problematic cases can be identified:
· For N=5,

· Given the measurement gap length (6 ms) comprises implementation margin (2*0.5ms), there is no opportunity to measure DRSSI with Alt 2 since the measurement needs to be performed out of the measurement gap length, which is not in line with the main function of a measurement gap for a UE to camp on the measured cell by allowing not to receive the DL from the serving cell during the measurement gap length.

· For N<5,

· There may be some cases that DRSSI can be measured with Alt 2 within the measurement gap length. For instance, when N=2 in FDD, three subframes can be used to measure DRSSI out of the DRS occasion and within the measurement gap length.

· There may be also some cases that DRSSI cannot be measured. For instance, as pointed out in email discussion [77-10], for TDD UL/DL configuration 0, there is no available subframe for DRSSI measurement within a measurement gap length.
Based on the discussion above, it is concluded that Alt 2 is not a viable solution for DRSSI.
Proposal 2: Alt 2 (Discovery RSSI (DRSSI) is measured outside DRS occasions on OFDM symbols that contain CRS port 0.) is precluded.
In the agreement during email discussion [77-09] as in [3], it is stated:
· For subframes (DL subframes and DwPTS region of subframe) within a DRS occasion indicated for possible DRS-based measurements, a UE can assume that at least CRS antenna port 0 for a cell is transmitted

· A UE may assume that all DL subframes and DwPTS region of subframe in a DRS occasion are available at least for CRS as DRS based measurements

From the context of the agreement, DRS based measurements including D-RSRP and D-RSRQ need to be performed within a DRS occasion. Therefore, it should be better if the alternatives in Section 1 could be further clarified so that they can be applied within a DRS occasion.

Proposal 3: It is further clarified that the alternatives for DRSSI definition in Section 1 are applied within a DRS occasion.

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) is proposed to avoid the potential ‘overestimated interference’ by not measuring OFDM symbols that cannot contain signals potentially present in a DRS occasion. However, this definition causes another problem - the denominator may approach a small number (potentially zero) under low interference scenarios (e.g., when all small cells are OFF), which may cause a ‘quantization problem’. In consequence, one proposed solution for the quantization problem is to add an artificial RSRP element in the denominator [4].
On the other hand, Alt 1 possibly with the artificial RSRP offset in the denominator could also cause potential ‘underestimated interference’ when ON and OFF cells are mixed in a frequency layer or when ON cells exist. So far, there is no efficient way for a UE to figure out whether the measured cell is ON or OFF, and thus the proper adaptation in regard to the artificial offset to address the issue may not be feasible.
In a past eICIC discussion on how to measure interference in the restricted subframes [5], it was difficult to identify the ideal definition of RSSI in eICIC case due to the following reasons, which have some commonalities with small cell ON/OFF: Potential interference change symbol by symbol, CRS colliding, and MBSFN ABS configuration:
· The interference from the aggressor cell would change symbol-by-symbol, and it would not be clear which symbol should be utilized for the ideal RSSI measurements. 

· The effects of the aggressor cell CRS would strongly depend on whether the CRS is colliding with the serving cell CRS or not.

· If MBSFN ABS applies to the aggressor cell, RSSI measured in the 1st OFDM symbol would be different from the one in the other OFDM symbols.
As a result, in order to consider various cases, the solutions of measuring RSSI over all OFDM symbols in the indicated subframes were agreed for eICIC.
Alt 4 (Measure and average RSSI over OFDM symbols containing CRS port 0) is the original RSSI definition in Rel-8 and 9. As discussed in the context of eICIC, the issue of overestimated interference could be observed.

Alt 3 (Measure and average RSSI over all OFDM symbols in a subframe) is to follow the existing definition for eICIC. It would be a unified solution between over- and under-estimated interference issues by averaging them out. As the measurement result already contains the components of the RSRP during RSSI measurement procedure, there is also no need to modify the RSRQ definition (i.e., no quantization problem). Regarding FFS in which subframes RSSI would be measured, as discussed in Proposal 3, the subframes RSSI would be measured are within a DRS occasion.

Proposal 4: Alt 3 is agreed for DRSSI definition: Measure and average RSSI over all OFDM symbols in the subframes within a DRS occasion. 

2.4 RSRQ for CSI-RS
With a common RSSI definition between CRS and CSI-RS, once CRS based RSRP/RSRQ and CSI-RS based RSRP are reported to eNB, eNB can derive the RSSI and, consequently, CSI-RS based RSRQ can be derived accordingly. In detail, CSI-RS RSRQ is a function of RSSI and CSI-RS-RSRP. The eNB can derive CSI-RS-RSRQ using the common RSSI and the reported CSI-RS-RSRP. Thus, it is not foreseen that CSI-RS based RSRQ is defined in the specification.
Proposal 5: CSI-RS based RSRQ is not defined in the specification.

3 Conclusions
This contribution discussed D-RSSI and CSI-RS based RSRQ. The following summarizes our proposals:
Proposal 1: A single RSSI definition is introduced in Rel-12 for DRS-based RSRQ.

Proposal 2: Alt 2 (Discovery RSSI (DRSSI) is measured outside DRS occasions on OFDM symbols that contain CRS port 0.) is precluded.
Proposal 3: It is further clarified that the alternatives for DRSSI definition in Section 1 are applied within a DRS occasion.

Proposal 4: Alt 3 is agreed for DRSSI definition: Measure and average RSSI over all OFDM symbols in the subframes within a DRS occasion. 

Proposal 5: CSI-RS based RSRQ is not defined in the specification.
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