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1 Introduction
In order to support the small cell on/off mechanism, the discovery reference signal (DRS) was introduced. Thus the DRS based RRM measurements were adequately discussed and the following agreements were achieved at RAN#76 meeting [1]:
 Agreement:
· For intra-/inter-freq. RRM measurement, at least DRS-based RSRP measurements are supported

· For RRM measurements, support DRS-based RSRQ-like measurements

· Details are FFS

In this contribution, we will further discuss the DRS based RSRP and RSRQ-like measurements definitions and provide our suggestions.
2 Discussion
For small cells configured to use on/off mechanism, UEs will use the DRS to perform RRM measurements. Simple reuse the definition of legacy RSRP and RSRQ on DRS may be not feasible, specifically for RSSI. In this section, we will discuss this issue in details.  According to the [2], the current RSRP is defined as following:
Reference signal received power (RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry cell-specific reference signals within the considered measurement frequency bandwidth.
It can be seen that the CRS based RSRP is only the power on the CRS signal from the cell. Obviously, there is a straightforward way to define the DRS based RSRP as below:
Discovery reference signal received power (RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry discovery signals within the considered measurement frequency bandwidth.
Observation 1: For DRS-based RSRP definition, it is feasible to reuse the legacy RSRP definition.
However, it may not be straightforward to define the DRS-based RSRQ or RSSI since there are only the DRS transmitted during the cell off state. Legacy RSRQ is defined as following [2]:
Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed only in OFDM symbols containing reference symbols for antenna port 0, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. If higher-layer signalling indicates certain subframes for performing RSRQ measurements, then RSSI is measured over all OFDM symbols in the indicated subframes.

From the RSRQ and RSSI definition, it can be observed that RSSI should reflect the real PDSCH traffic situation and RSRQ is intending to be used for load balancing among multiple cells. For the DRS based RSRQ, if the same OFDM symbols are used for both RSRP and RSSI measurement, then an RSSI measurement result will be inaccurate. The details of this issue will be discussed in the next section.

Considering the motivation of introducing the DRS, the DRS at least have the following characteristic: multiple cells’ DRS may be transmitted simultaneity especially in the synchronized network and DRS is transmitted even small cell is off. Therefore, if the RSSI measurements are performed with the current definitions, the off cells that would be causing DRS interference to the measured cell will be calculated, which can cause a pessimistic estimation on the related RSRQ. For example, RSSI will remain unchanged even if cells change state from OFF toON or ON toOFF. Thus, it may either trigger the undesirable inter-frequency handover or make the UE to miss the opportunity for offloading. Moreover, it is more problematic if there are a large number of synchronized small cells in the network. 
Therefore, according to the above the discussion, we have the following observation:
Observation 2: The current CRS based RSSI definition is not suitable for the DRS based RSSI.

According to above analysis, it is desirable to modify the measured resource for RSSI for an “off” cell. Therefore, we propose RSSI is measured on a resource not containing DRS. In details, there are two alternatives:

Alternative 1: RSSI is measured in the OFDM symbols that do not contain the DRS

Alternative 2: RSSI is measured in the subframes that do not contain the DRS

For alternative1, it can be defined the OFDM symbols for RSSI measurement which is different from that for RSRP. However, considering the DRS may contain PSS/SSS, CRS and/or CSI-RS, it is not sure that the OFDM symbols not containing DRS used for measuring whether meet RAN4’s requirement.  In other words, this alternative may be suitable for smaller number of OFDM symbols usage for DRS. Moreover, RSSI measurement on OFDM symbols which only including data REs may result in RSRQ with high sensitivity to load variation. For alternative2, it can be defined an additional subframe set for RSSI measurement which is different from that for RSRP. Explicit high-layer signalling to configure two subframe sets for RSRP and RSSI could be considered. Thus, the measured subfames can carry some reference signals which are transmitted when the cell is ON in order to capture the stable power from the interferencing cell if the cell is ON. However, the potential issue is it may require more measurement gaps compared with alternative 1 and thus the UE battery may have additional consumption. Furthermore, considering in Rel-10, for eICIC, the RSSI is measured over all OFDM symbols in the indicated subframes. Therefore, for DRS based RSRQ, the RSSI is measured over all OFDM symbols in the indicated subframes that not containing the DRS.
Therefore, according to the above the discussion, we have the following proposal:
Proposal 1: For DRS based RSRQ, the RSSI is measured over all OFDM symbols in the indicated subframes that do not containing the DRS.
3 Conclusion

In this contribution, we discuss the DRS based RSRP and RSRQ-like measurements definitions and have the following observations:

Observation 1: For DRS-based RSRP definition, it is feasible to reuse the legacy RSRP definition.
Observation 2: The current CRS based RSSI definition is not suitable for the DRS based RSSI.
Based above observations, we kindly suggest that RAN1 agree on the following proposals:
Proposal 1: For DRS based RSRQ, the RSSI is measured over all OFDM symbols in the indicated subframes that do not containing the DRS.
4 References
[1] R1-141730, “Final  Report of 3GPP TSG RAN WG1 #76 v1.0.0”, February, 2014
[2] TS36.214 v11.1.0, “Physical layer measurements”, December, 2012











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































PAGE  
1

