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1 Introduction

In RAN1#76, some agreements pertaining to DRS based RRM measurements were achieved:
· No new idle mode UE behavior in Rel-12 small cell enh. WI

· 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
· Followings can be considered as candidate signals for each purpose

· 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
After RAN1#77, it was agreed to discuss the following alternatives for DRSSI in RAN1#78:

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 the definitions of DRS-based RSRP and DRS-based RSRQ. 
2 Discovery Reference Signal Received Power (D-RSRP)

RAN1 has already agreed to support DRS-based RSRP or D-RSRP. If CSI-RS is configured as DRS for measurement, the CSI-RSRP can depend on the number of the CSI-RS ports configured at the eNodeB due to multiplexing of port 15 and port 16 on the same set of REs. Specifically, assume eNodeB A has only one CSI-RS port and eNodeB B has two CSI-RS ports, and given the same path loss between the eNodeBs and the UE, the CSI-RSRP of port 15 for eNodeB A is twice that of the CSI-RSRP of port 15 for eNodeB B. In order to compensate for this imbalance, if the CSI-RS port 16 is also configured for CSI-RSRP measurement, it is proposed that the CSI-RSRP can be defined as the sum of the CSI-RSRP of port 15 and the CSI-RSRP of port 16.
Proposal 1: If CSI-RS port 15 and 16 are configured for CSI-RSRP measurement, CSI-RSRP can be defined as the sum of the CSI-RSRP of port 15 and the CSI-RSRP of port 16.
3 Discovery Reference Signal Received Quality (D-RSRQ)

The definition of or D-RSSI requires careful consideration. Similar to RSSI, D-RSSI should provide a measure of the linear average of the total received power (in [W]) observed in predefined OFDM symbols, 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. The measured resource should be able to reflect the wireless channel utilization level or the load of the measured frequency. Higher RSSI or lower RSRQ value means that a frequency is relatively loaded. For this reason, RSRQ is a useful tool for the network to perform load control between multiple carrier frequencies. For D-RSSI, it is reasonable that its value should be inversely proportional to the number of dormant cells on a frequency, since a dormant cell virtually has zero load. Care should be taken such that D-RSSI is not dominated by the power from DRS, making D-RSRQ of a low load frequency indistinguishable from a high load frequency. For Rel-8 RSRQ, the OFDM symbols measured for RSSI are the symbols containing CRS. This is modified to be all OFDM symbols when measurement restriction was introduced for time-domain ICIC. For CSI-RS based DRS, it is possible for the OFDM symbols containing DRS to be dominated by the DRS. The number of REs allocated for DRS generally depends on how many cells are multiplexed, e.g. 100% of resource elements can contain DRS (e.g. 12 cells/TPs’ CSI-RS multiplexed in the 3rd and the 4th OFDM symbols of the second slot).

The following alternatives are under consideration for D-RSSI definition.
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
· The denominator of D-RSRQ measurement includes N×RSRP + linear average of the total received power (in [W]) observed in OFDM symbols not including DRS within 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 (i.e. D-RSRQ = N×RSRP/( N×RSRP+D-RSSI)). 
Alt 2: Discovery RSSI (DRSSI) is measured outside DRS occasions on OFDM symbols that contain CRS port 0.
· This alternative should not be considered because measurement should be done on samples within DRS occasions only, to facilitate efficient inter-frequency measurement. Another issue is that the dynamic range of D-RSRQ can be significantly larger than RSRQ since D-RSSI can approach a very small value (theoretically, RSRQ can be unbounded) if most cells are dormant. As a result, the range of RSRQ defined for reporting may need to be revisited. 
Alt 3: Measure and average RSSI over all OFDM symbols in a subframe.
· For this alternative, RSSI value generally depends on the number of DRS REs configured by the network. It is desirable to have the RSSI measurement independent of the number of DRS REs. 
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
· An issue with this alternative is that there may not be sufficient number of samples for measurement especially if DRS occasion periodicity is large. 

We evaluate the different RSRQ definitions listed above. We assume small cell cluster of 10 cells and for the same of simplicity, the signal power from each cell is approximately the same. The SINR is inversely proportional to the load/resource utilization in the small cell cluster. For the evaluation of Alt 1 – 4, we assume that the 3rd and the 4th OFDM symbols of the second slot are reserved for DRS (assumed to be CSI-RS) transmissions by the cells, hence they are muted; and CRS is only transmitted when there is cell activity and is always transmitted in DRS subframes. In Figure 1(a), we plot the RSRQ vs SINR for the case where the measured cell is ON and there is full buffer transmission. In Figure 1(b), we plot the RSRQ vs SINR for the case where the measured cell is OFF. It can be seen that the RSRQ of Alt 2 is not bounded; whereas RSRQ of the other alternatives saturates as SINR increases in a similar manner as Rel-8 RSRQ.
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(a) Measured cell is on & full buffer









(b) Measured cell is off

Figure 1: RSRQ vs SINR for different RSRQ definition alternatives

Based on the above discussions, Alt 1 is our preference since they exhibit an RSRQ vs SINR curve that is similar to the legacy definition and the RSRQ is always well-defined (bounded). Alt 1 is preferred over Alt 3 because the measurement value would not depend on the amount of DRS resources that are configured and it is preferred over Alt 4 because there are more measurement samples which are beneficial for large DRS occasion periodicities. 
Proposal 2: DRSRQ= N*DRSRP/(N*DRSRP+DRSSI), where DRSSI is linear average of the total received power observed in OFDM symbols not including DRS within the measurement bandwidth.
4 Conclusions
In this contribution, we presented our views on the definitions of DRS-based RSRP (D-RSRP) and DRS-based RSRQ (D-RSRQ). Our proposals are as follows:
Proposal 1: If CSI-RS port 15 and 16 are configured for CSI-RSRP measurement, CSI-RSRP can be defined as the sum of the CSI-RSRP of port 15 and the CSI-RSRP of port 16.
Proposal 2: DRSRQ= N*DRSRP/(N*DRSRP+DRSSI), where DRSSI is linear average of the total received power observed in OFDM symbols not including DRS within the measurement bandwidth. 
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