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1. Introduction

At the RAN1 #76 meeting, the following agreements were reached regarding the reference signal received power (RSRP) and the reference signal received quality (RSRQ) measurements based on the discovery reference signal (DRS).
· 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

Support for the DRS-based RSRP measurement is straightforward. On the other hand, there is a remaining issue regarding the DRS-based RSRQ (DRSRQ) measurement. When a small cell is turned off to avoid CRS interference and the RSRQ is calculated using a new DRS, such a DRSRQ may be different from the existing RSRQ. Therefore, if the DRSRQ is to be used for relative comparison to the existing RSRQ to perform cell association between the macro cell and small cell layers, the DRSRQ should be designed so that it is similar to the existing RSRQ. After the RAN1#77 meeting, there was also e-mail discussion to define the DRSRQ measurement based on [1]. The following alternatives were identified.

· 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 first clarify a usage case for the DRSRQ measurement and provide our views on the alternatives.
2. Usage Case for DRS-Based RSRQ
For the purpose of cell selection/association, the RSRP and RSRQ reported from the UE are used. According to the exhaustive evaluation campaign performed in the SCE study phase, the following usage case for the RSRQ is considered.

· Cell association between the macro and small cell layers based on
· Case 1: Relative comparison of RSRQ between the macro cell and small cell layers, or

· Case 2: Comparison of the RSRQ value of the small cell to a threshold

Traffic offloading to the small cells is highly desirable and the macro cell is selected only when the SINR of the small cell is too low. In order to judge whether or not the SINR of the small cell is low, comparison of the RSRQ to a threshold can be used. This is because the RSRQ is in proportion to the SINR in a low SINR region irrespective of the traffic load as discussed below. On the other hand, a relative comparison of the RSRQ between the macro cell and small cell layers is conducted so that the cell congestion level/ traffic load as well as the received signal quality could also be taken into account in the cell association procedures. In the SCE SI phase, we observed in [2] that comparison to a threshold achieves traffic offloading and relative comparison works well using an appropriate bias value. 

In the small cell on/off operation, it is assumed that a DRS is used for the measurement of the off-state small cells to reduce the transition time from the off-state to the on-state. For this reason, the DRS-based RSRP/RSRQ measurements for the small cell need to be specified. Therefore, if the DRSRQ is to be compared to the existing RSRQ for cell association between the macro cell and small cells, the DRSRQ for the small cell layer should be comparable to the existing RSRQ used in the macro cell layer in order to perform appropriate cell association. On the other hand, if the DRSRQ is to be compared to a threshold, the DRSRQ for the small cell layer should not be affected by the traffic load in a low SINR region.
The existing RSRQ is given below.
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Based on the above equation, we observe the following.

· The power of the CRS for the serving cell and that for interfering cells when the small cells are synchronized are included in the denominator, i.e., the received signal strength indicator (RSSI). Hence, the existing RSRQ does not diverge as long as the CRS is present.
· Interference conditions and/or traffic load for the corresponding layer are reflected in the RSSI. A relative comparison may work well due to this condition.

Figure 1 shows RSRQ curves as a function of the received SINR with the traffic load as a parameter as indicated in [2]. For a low SINR region, the existing RSRQ is proportional to the SINR regardless of the traffic load. On the other hand, for a high SINR region, the traffic load has a more significant impact on the RSRQ rather than the SINR. The DRSRQ should exhibit similar RSRQ-to-SINR curves to the existing RSRQ in order to perform appropriate cell association between the macro cell and small cell layers. 
Proposal 1: The value for the DRSRQ should be compatible with that for the existing RSRQ irrespective of the SINR and traffic load in a case where a relative comparison is used between the DRSRQ and the existing RSRQ for cell association purposes.
Proposal 2: The value for the DRSRQ should not be affected by the traffic load in a low SINR region in a case where the DRSRQ is compared to a threshold.
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Figure 1 – RSRQ-SINR curves for traffic loads of 0.1, 0.5, and 1 for the existing RSRQ.
3. Design for DRS-Based RSRQ
The DRS-based RSRP is simply obtained by measuring the power for the DRS RE. Accordingly, the corresponding definition in [3] is provided as follows. 
	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 discovery signals within the considered measurement frequency bandwidth.


It may not be straightforward to define the DRSRQ or DRSSI since there are fewer or no CRSs when small cell on/off is applied. The following four alternatives have been so far identified as described in Section 1. We also present advantages and disadvantages for each alternative.
· Alt. 1: 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
· Pros: When small cell on/off is applied, the DRSRQ is comparable to the existing RSRQ.
· Cons: Powers for the CRS from neighboring cells are not included in the DRSSI. The worst case would be when small cell on/off is not applied, when there are no data and when the neighboring cells are strong interferers.
· Alt 2: DRSSI is measured outside DRS occasions on OFDM symbols that contain CRS port 0
· Pros: When small cell on/off is not applied, the DRSRQ is comparable to the existing RSRQ.

· Cons: When small cell on/off is applied, the power for the CRS is not included.

· Alt 3: Measure and average RSSI over all OFDM symbols in a subframe.
· Pros: The DRSRQ may not be impacted by the operation of small cell on/off

· Cons: When the CSI-RS and muting resources are configured, the DRSRQ may not be comparable to the existing RSRQ.

· Alt 4: Measure and average RSSI over OFDM symbols containing CRS port 0.
· Pros: The DRSRQ is comparable to the existing RSRQ if both DRSRQ and existing RSRQ have the same assumption regarding the synchronization of each cell layer.
· Cons: Power for the CRS is overestimated in a synchronized network. Hence, the DRSRQ is not comparable to the existing RSRQ if both DRSRQ and existing RSRQ have different assumptions regarding the synchronization of each cell layer.
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Figure 2 – DRSSI resources for each alternative.

The optimum design for the DRSSI would be different for the two usage cases discussed in Sect. 2. We compere the alternatives for each usage case. 

· Case 1: Relative comparison of RSRQ between the macro cell and small cell layers
In this case, as discussed above, the value for the DRSRQ should be compatible with that for the existing RSRQ irrespective of the SINR and the traffic load. One deployment scenario for the DRS when configuring the CSI-RS is a synchronized scenario [4]. Thus, the RSRQ and/or DRSSI for the synchronized scenario are considered for the small cell layer in which the DRS is configured. However, two kinds of synchronization scenarios, i.e., synchronized and unsynchronized scenarios can be considered for the macro cell layer which relies on the existing RSRQ measurement. In Fig. 3, we compare the RSRQ-to-SINR curves for Alts. 1-4 assuming the small cell layer and existing RSRQ assuming the macro cell layer. For the macro cell layer, the RSRQ-to-SINR curves for synchronized and unsynchronized scenarios are shown. As discussed below, for middle-to-high traffic load cases, we do not observe a significant difference among alternatives, and hence only the RSRQ-to-SINR curves for the low traffic load case of 0.1 are shown in Fig. 3. The following are assumed regarding the DRSSI when calculating the DRSRQ for each alternative. 

· Alt. 1 

· In the DRSSI, no CRS ports are included.

· The DRSRQ is calculated as DRSRP / (DRSRP + DRSSI).

· Alt. 2

· Since small cell on off is assumed and the DRSSI is calculated in the subframe outside the DRS occasion, the CRS power in the DRSSI is decreased with the traffic load. 

· Alt. 3

· Since the DRSSI is calculated in the DRS subframe, the CRS power in the DRSSI is not impacted by the traffic load.

· For simplicity, only CRS antenna port 0 is assumed. The power for the other resource elements in the subframe is proportional to the traffic load.

· Alt. 4

· Since the DRSSI is calculated in the DRS subframe, the CRS power in the DRSSI is not impacted by the traffic load.
When comparing the alternatives to the existing RSRQ obtained in the synchronized network, Alt. 4 exhibits the same RSRQ-to-SINR curve as that for the existing RSRQ as expected. On the other hand, compared to the existing RSRQ assuming an unsynchronized network, we observe a large gap between Alt. 4 and the existing RSRQ. Alt. 1 and Alt. 3 exhibit similar curves to that for the existing RSRQ obtained in the unsynchronized scenario. For Alt. 2, since the CRS power is affected by the small cell on/off operation, the RSSI is underestimated compared to the existing RSRQ, and we observe a larger discrepancy from the existing RSRQ in a higher SINR region. Hence, direct use of Alt. 2 may not be appropriate for a relative comparison. 

When small cell on/off is applied and the synchronized scenario is assumed for the DRSSI, we observe the following.

Observation 1: For a relative comparison between the DRSRQ and the existing RSRQ for cell association purposes, Alt. 1 is comparable to the existing RSRQ obtained in an unsynchronized network while Alt. 4 is the best comparable to the existing RSRQ obtained in a synchronized network . 
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Figure 3 – RSRQ-to-SINR curves for alternatives 1-4 and existing RSRQ for traffic load of 0.1.
· Case 2: Comparison of the RSRQ value of the small cell to a threshold
In this case, as discussed in Sect. 2, the DRSRQ should not be impacted by the traffic load in a low SINR region. Figure 4 shows the RSRQ-to-SINR curves with the traffic load as a parameter for Alts 1-4. We observe that the RSRQ value is almost the same between Alts. 1, 2, and 3 in a lower SINR region. However, a large difference in the curve is observed for Alt. 4 compared to the other alternatives when the traffic load is 0.1 since the CRS power is overestimated in a synchronized network. Therefore, we observe the following.

Observation 2: For a comparison of the RSRQ value of the small cell to a threshold for cell association purposes, Alt. 1, 2, or 3 would be a good candidate since the RSRQ value is not affected by the traffic load in a lower SINR region.
Considering that there would be fewer usage cases for the CRS in future small cell deployments [5], a measurement mechanism not relying on the CRS is highly desired. Therefore, we prefer Alt. 1 since this option does not rely on the presence of the CRS. 

Proposal 3: DRSSI should be 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.
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Figure 4 – RSRQ-to-SINR curves for alternatives 1-4 for traffic loads of 0.1, 0.5, and 1.
4. Conclusion
In this contribution, we discussed a usage case for the DRSRQ measurements and clarified what the DRSRQ should be in the absence of the CRS. For the two usage cases, we compared the DRSSI/DRSRQ using the RSRQ-to-SINR curve. According to the discussion in this document, we made the following summary
Proposal 1: The value for the DRSRQ should be compatible with that for the existing RSRQ irrespective of the SINR and traffic load in a case where a relative comparison is used between the DRSRQ and the existing RSRQ for cell association purposes.

Proposal 2: The value for the DRSRQ should not be affected by the traffic load in a low SINR region in a case where the DRSRQ is compared to a threshold
Observation 1: For a relative comparison between the DRSRQ and the existing RSRQ for cell association purposes, Alt. 1 is comparable to the existing RSRQ obtained in an unsynchronized network while Alt. 4 is the best comparable to the existing RSRQ obtained in a synchronized network.
Observation 2: For a comparison of the RSRQ value of the small cell to a threshold for cell association purposes, Alt. 1, 2, or 3 would be a good candidate since the RSRQ value is not affected by the traffic load in a lower SINR region.
Proposal 3: DRSSI should be 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.
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