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1. Introduction

In the work item phase of small cell enhancement (SCE), a discovery signal (DS) is to be specified for efficient operation with reduced transition time for small cell on/off [1]. The DS is used to perform the measurement for the off-state small cell when small cell on/off is applied. At the RAN1 #76 meeting, the following agreements were reached regarding the reference signal received power (RSRP) and reference signal received quality (RSRQ) measurements based on the DS.
· 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 DS-based RSRP measurement is straightforward. On the other hand, there is a remaining issue regarding the DS-based RSRQ measurement. When a small cell is turned off to avoid CRS interference and the RSRQ is calculated using a new DS, such a DS-based RSRQ may be different from the existing RSRQ. Therefore, if the DS-based RSRQ is to be used for relative comparison to the existing RSRQ to perform cell association between the macro cell and small cell layers, the DS-based RSRQ should be designed so that it is similar to the existing RSRQ. Thus, in this contribution, we first clarify a usage case for the DS-based RSRQ measurement and provide some options for the DS-based RSRQ measurements.
2. Usage Case for DS-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
· Comparison of the RSRQ value of the small cell to a threshold, or
· Relative comparison of RSRQ between the macro cell and small cell layer 

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 the SINR of the small cell is low or not, 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 irrespective of traffic load as discussed below. On the other hand, a relative comparison of RSRQ between the macro cell and small cell layer is conducted so that 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 DS 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 DS-based RSRP/RSRQ measurements for the small cell need to be specified. Therefore, if the DS-based RSRQ is also to be compared to the existing RSRQ for cell association between the macro cell and small cells, the DS-based RSRQ 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. 
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 synchronizedare 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 is 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 DS-based RSRQ 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 DS-based RSRQ 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 DS-based RSRQ and the existing RSRQ for cell association purposes.
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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 DS-Based RSRQ
The DS-based RSRP is simply obtained by measuring the power for the DS 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.


On the other hand, it may not be straightforward to define the DS-based RSRQ or RSSI since there are fewer or no CRSs when small cell on/off is applied. In addition, the DS-based RSRQ would highly depend on the DS design. In order to make such a DS-based RSRQ comparable to the existing RSRQ, we deduce the following conditions based on the discussion in Section 2.

· Condition 1: The contribution from an actual PDSCH assignment should be included in order to take into account interference conditions and the traffic load.

· Condition 2: The power of the reference signal should be included in the denominator to make the DS-based RSRQ comparable to the existing RSRQ.

According to the above conditions, the following options for the DS-based RSRQ measurement are considered.
· Option 1: Measure the RSSI using the OFDM symbols/subframe containing the DS and calculate the DS-based RSRQ as RSRP/RSSI
· This option depends on the DS design whether or not Condition 1 is satisfied. For example, if all the REs in the corresponding OFDM symbol are occupied by only the DS and/or zero-power resources, the power for the PDSCH is not taken into account in the RSSI.
· Option 2: Measure the RSSI using the OFDM symbols/subframe that does not contain the DS and calculate the DS-based RSRQ as RSRP/RSSI
· When the traffic load is low and most of the small cells are in the off-state, Condition 2 is not met since the power for the CRS is not included in the RSSI.
· Option 3: Measure the RSSI using the OFDM symbols/subframe that does not contain the DS and calculate a new DS-based RSRQ as RSRP / (RSRP + RSSI)
· The only difference compared to option 2 is the RSRQ definition.

· Even when the traffic load is low and most of the small cells are in the off-state, the DS-based RSRQ is similar to the existing RSRQ due to the addition of the RSRP to RSSI in the denominator. 

· For a high traffic load case, there might be a slight impact by adding RSRP to RSSI although such an impact would be negligible.
We compare the RSRQ-to-SINR curves with the traffic load as a parameter for Options 2 and 3 in Fig. 2. For comparison, the curves for the existing RSRQ are also shown. For a low SINR region, no difference among options is observed since the influence of the RSSI is much greater than the RSRP. For a high SINR region and a low traffic load case, a noticeable difference compared to the existing RSRQ is observed for option2, while such a large gap is not observed for option 3. For a high SINR region and a high traffic load case, we do not observe a large difference among options.
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Figure 2 – RSRQ-SINR curves for traffic loads of 0.1, 0.5, and 1 for options 2 and 3.
Considering that there would be fewer usage cases for the CRS in future small cell deployments [4], a measurement mechanism not relying on the CRS is highly desired. Therefore, we prefer option 3 since this option does not count on the presence of the CRS. 

Proposal 2: If the existing RSRQ measurement cannot be directly used for the DS, consider measuring the RSSI using the OFDM symbols/subframe that does not contain the DS and calculate a new DS-based RSRQ as RSRP / (RSRP + RSSI).

4. Conclusion
In this contribution, we discussed a usage case for the DS-based RSRQ measurements and clarified what the DS-based RSRQ should be in the absence of the CRS. If a relative comparison is used between the existing RSRQ and the DS-based RSRQ for cell association purposes, the DS-based RSRQ should be comparable to the existing RSRQ. Therefore, we make the following proposals.
Proposal 1: The value for the DS-based RSRQ 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 DS-based RSRQ and the existing RSRQ for cell association purposes.
Proposal 2: If the existing RSRQ measurement cannot be directly used for the DS, consider measuring the RSSI using the OFDM symbols/subframe that does not contain the DS and calculate a new DS-based RSRQ as RSRP / (RSRP + RSSI).
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