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1. Introduction
In RAN1#76, there were some preliminary agreements on discovery signals and RRM measurement procedure for small cell on/off [1]. For RRM measurement, following points was agreed,

· For intra-/inter-freq. RRM measurement, at least DRS-based RSRP measurements are supported.
· For RRM measurements, support DRS-based RSRQ-like measurements.
· For RSRP measurement:

· Candidate signals are PSS/SSS, CRS, CSI-RS, PRS

· For received signal quality (RSRQ) measurement:

· FFS: Whether RSSI can be measured by symbols including discovery signals or symbols not including discovery signals
· For RRM measurement

· The signal should be able to achieve comparable RSRP measurement performance to legacy CRS-based RSRP for all detectable small cells
We’ll focus on the remaining open points of DRS-based RSRQ measurement and makes some proposals in this contribution. Issues related to DRS design and DRS-based RRM measurement in general are discussed in the companion contribution [2].
2. Discussions
Semi-static “off” cells may be activated in response to traffic load increase, UE arrival and packet arrival. When an “off” cell needs to be turned on for a UE, the serving eNB of the UE would compare several candidate cells, either “on” or “off” cells, based on the measurement reports from the UE. Because these candidate cells are possibly inter-frequency, both RSRP and RSRQ of “off” cells should be measured and reported by UEs.

Proposal 1: Both RSRP and RSRQ of “off” cells should be measured and reported by UEs to support both intra and inter-frequency cell selection.
2.1 RSSI measurement following existing definitions

The serving cell could provide UEs with some assist information to support efficient DRS-based RSRP measurement of ‘off’ cells, such as the timing information and frequency-time resources of DRS. The assist timing information could be in the form of restricted subframe pattern or of a certain measurement gap in which the DRS for a small cell is located.

It was agreed that DRS-based RSRQ-like measurements would be supported in Rel-12. No matter what signal or signals DRS is finally determined to consist of, it would be natural to measure RSSI following the current RSSI definition. In other words, RSSI equals to the linear average of the total received power from all cells on the observed frequency point with the assumption that all cells are “on”.

As discussed by companies in the SI stage, for the purpose of accelerating the cell discovery/measurement, “off” cells on the same frequency point could transmit their DRS within one subframe or several continuous subframes, e.g. within a measurement gap. A UE may see several “on” cells and “off” cells within its observation window, e.g. a subframe or a measurement gap. If following the current RSSI definition, energy from both “on” cells and “off” cells will be counted into the RSSI, this should be carefully discussed. Taking the energy of “off” cells into account in RSSI measurements may be improper, since the REs occupied by DRS will be sparse, at least in the time domain. In some sense, the situation would be rather different for “on” cells and “off” cells under RRM measurement, particularly for RSSI measurement. We cannot obtain a real measurement result of an “off” cell. We can only predict that if this “off” cell is turned on what measurement result would be obtained. Additionally, it is unlikely to be necessary to turn on more than one “off” cell at the same time, irrespective of the reason for triggering the turning on of the “off” cell. Therefore, it makes sense not to regard “off” cells as potential interference whenever an “on” cell or “off” cell is measured. When an “on” cell is measured, only “on” cells should be counted into its RSSI result. When an “off” cell is measured directly, its RSSI result includes real interference from “on” cells but perhaps no energy from the “off” cell itself. When an “off” cell is measured in a way which would predict its RSSI, the RSSI result should include the virtual signal expected when the “off” cell is turned “on”.
Observation 1: It makes sense not to regard other “off” cells as potential interference whenever an “on” cell or “off” cell is measured.
Another issue which needs attention is the resources used for interference measurement. The resources containing DRS of “off” cells may be not suitable for interference measurement. Although the impact of DRS are possibly alleviated by averaging, the residual error could still be non-ignorable, e.g. when the interference measurement is done by an UE surrounded by some “off” cells and away from “on” cells. Moreover, some DRS design candidates, such as based on CSI-RS, require to be accompanied by muting operation. With muting applied in “on” cells and other cells being “off”, measurements in the resource blocks or OFDM symbols containing DRS can give rise to an under-estimated interference measurement.
Observation 2: The resource blocks or OFDM symbols containing DRS of an “off” cell may be not suitable for interference measurement.
2.2 Modified RSSI measurement

According to above analysis, it is desirable to modify the observation resource for RSSI for an “off” cell. There’re several possible methods, 

· Alternative 1: using subframes not including the DRS of the “off” cell

· Define a subframe set for interference measurement which could be different from that for RSRP. Explicit high-layer signalling to configure two subframe sets for RSRP and RSSI could be considered. 
· The potential issue is it may require more measurement gaps compared with cases where RRM measurement can be done in one gap. 
· Alternative 2: using OFDM symbols not including the DRS of the “off” cell

· Define the OFDM symbol set for interference measurement which could be different from that for RSRP. Implicit signalling (e.g. UE shall measure RSSI only in OFDM symbols not containing DRS), could be considered. 
· If CRS is used for RSRP measurement, up to 10 out of 14 OFDM symbols not containing CRS could be used for RSRQ measurement where the density of observation resources could be sufficient to meet RAN4’s requirement.
· If CSI-RS is used for RSRP measurement, OFDM symbols containing RS for antenna port 0 could be used for RSSI measurement which is aligned with the current RSRQ definition while the definition of RSRP should be modified to use CSI-RS. 
· Alternative 3: using REs in which DRS of the “off” cell is not present
· CSI-IM and CSI-RS could be used for RSSI/interference measurement and RSRP/signal measurement resepctively. 
· CSI-RS could provide satisfactory performance for cell detection and RSRP measurement with the protection of ZP CSI-RS from other cells [4]. It would be readily possible to associate CSI-IM with suitable CSI-RS patterns for measuring the interference. 
· If CSI-RS-based DRS of all intra-frequency “off” cells are concentrated in one subframe, one potential issue is possible shortage of CSI-RS patterns considering that each CSI-RS-based DRS may monopolize a certain CSI-RS resource and a 4-port CSI-IM pattern could not overlap with any DRS resource. Another potential issue is it may need further evaluation whether the accuracy of interference measurement based-on a CSI-IM with 4 REs is able to satisfy the existing requirement of RSSI. 
It seems that new RRM measurements would need to be defined and evaluated even if the DRS is finally determined as “PSS/SSS/CRS”. Minimal changes to RRM measurement specifications would be desired. In view of the potential specification work burden in RAN1/2/4, we slightly prefer Alt 2 above.  
The alternatives discussed above are shown in Figure 1, under the assumption that the small cells are at the same frequency and mutually synchronized.
Proposal 2: RSSI modification to improve interference estimation need to be considered. We slightly prefer to Alt 2, i.e. UE could measure RSSI in OFDM symbols not containing DRS. 
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Figure 1 Possible measurement resources for RSSI 
For all alternatives discussed above, the RSSI does not include any signal from the “off” cells. Hence, the RSSI of “off” cells is nearer to “comparable RSSI – RSRP*N” than the comparable RSSI of always “on” cells, where N is the number of subcarriers of the measurement bandwidth. To enable the network to make wise decision on cell on/off and choose the appropriate cell for the UE, the comparable RSSI of “off” cells and always “on” cells is required to allow proper comparison between them. The predicted RSSI of a certain “off” cell could be directly derived by ‘estimated RSSI from “on” cells + RSRP of the measured off cell*N’ at UE side. The predicted RSSI could also be approximately estimated at eNB side based on the reported RSRP and RSRQ without any additional efforts at the UE side. But the accuracy may be reduced due to quantization error. 
Proposal 3: The RSSI of “off” cells could be derived by “RSSI from on cells + RSRP of the measured off cell(s)*N” at either the eNB side or UE side.
3. Conclusions

In the contribution, we discussed the potential problems of reusing current RSRQ measurement in small cell on/off scenario and propose some possible enhancements. We have some observations and some proposals, 
Observation 1: It makes sense not to regard other “off” cells as potential interference whenever an “on” cell or “off” cell is measured.
Observation 2: The resource blocks or OFDM symbols containing DRS of an “off” cell may be not suitable for interference measurement.

Proposal 1: Both RSRP and RSRQ of “off” cells should be measured and reported by UEs to support both intra and inter-frequency cell selection.
Proposal 2: RSSI modification to improve interference estimation need to be considered. We slightly prefer to Alt 2, i.e. UE could measure RSSI in OFDM symbols not containing DRS. 

Proposal 3: The RSSI of “off” cells could be derived by “RSSI from on cells + RSRP of the measured off cell(s)*N” at either the eNB side or UE side.
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