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1 Introduction
For small cell discovery and measurements, a remaining point is the definition of DRS based RSRQ (D-RSRQ). The key issue is DRS based RSSI (D-RSSI) overestimation considering small cell on/off and simultaneous DRS transmission from different small cells. Specifically, the D-RSSI captures the DRS power from OFF cells which underestimates the D-RSRQ, especially in the case of light load condition when a majority of small cells are OFF. 

There was discussion on this issue in the RAN #77 meeting [1][2], further followed by one email discussion. The latest agreement is listed as following: 
· 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, further analysis on the D-RSRQ issue is provided, assisted by link level simulation results for the D-RSRQ based on different alternatives of D-RSSI measurements. Based on the simulation results and the further analysis, related proposals are given. 
2 Evaluation for DRS based RSRQ
2.1 Simulation setup

The evaluation is carried out using the methodology described below. 
Step 1: System level evaluation

From system level simulation, the interference profile of each UE is obtained explicitly. Scenario 2a is used for the evaluation where one cluster of small cells is placed within one macro cell, and each cluster contains ten small cells. 
Only a UE associated to a small cell is taken into account. For each UE, the received power from ten strongest small cells is recorded as explicit interference. Interference received from other small cells is modeled as noise. 
Step 2: Link level evaluation

For link level simulation, each of the measured explicit interference profile is fed into the simulator. First, DRS based RSRP (D-RSRP) corresponding to the top one small cell is evaluated. Then, D-RSSI is measured according to different alternatives listed above. Finally, D-RSRQ is calculated according to the measured D-RSRP and D-RSSI. Note that for alternative 2, there are two sub-options as below: 
· Alt 2: Discovery RSSI (DRSSI) is measured outside DRS occasions on OFDM symbols that contain CRS port 0.

· Alt 2-1: D-RSSI is measured on CRS symbols in non-DRS subframes. 
· Alt 2-2: D-RSSI is measured over all OFDM symbols in non-DRS subframes. 

In the simulation, two metrics are considered, including absolute D-RSRQ and delta D-RSRQ. Note that the DRS from multiple small cells are simultaneously transmitted, and the DRS is comprised of CRS without CSI-RS configuration. 
For the on/off and traffic configuration, some of ON cells don’t have traffic but CRS to transmit, such as a legacy cell or a Rel-12 cell that does not support on/off operation. 20% or 50% of all the ON cells have no traffic but CRS. Both light load (20% of all the cells are ON) and medium load (40% of all the cells are ON) conditions are simulated. 
The detailed simulation assumptions can be found in the appendix A. 
2.2 Simulation results and analysis

Figure 1 and Figure 2 show the absolute and relative D-RSRQ results, respectively, derived from different D-RSSI alternatives when 20% of the ON cells have no traffic but CRS AP0 transmission and for both light and medium load conditions. Based on the figures, large gaps between Alt 3/4 and Alt 1/2 are seen as 10 to 20 dB for light load condition, and 5 to 10 dB for medium load condition. 
These results indicate that if the existing RSSI definitions are reused to form the D-RSRQ such as Alt 3/4, there are very large gaps compared to the more realistic D-RSRQ derived from Alt 1/2, especially for light load condition. Therefore, reusing existing RSSI definitions for D-RSSI is not preferred, since the true interference and load conditions cannot be measured accurately. 
Observation 1: Large D-RSRQ gaps between D-RSRQ calculations based on existing RSSI definitions (Alt 3/4) and new RSSI definitions (Alt 1/2) occur for light load condition (about 10 to 20 dB) and medium load condition (about 5 to 10 dB), when 20% of the ON cells have no traffic but just CRS AP0 transmission. 
Another observation based on Figure 1 is that the dynamic range of D-RSRQ derived from the new RSSI definition such as Alt 1/2 would largely exceed the range of [-19.5 dB, -3 dB] for current CRS based RSRQ defined by RAN4 [3]. However, this is true considering small cell on/off, especially for light load condition where most of small cells are OFF, which is different from current network deployments where each cell at least needs to transmit its CRS. The specific range and quantization issue for the D-RSRQ should be discussed in RAN2 and RAN4. 
Observation 2: Much larger RSRQ dynamic range for D-RSRQ definition derived from D-RSSI of Alt 1/2 is observed compared to that of Alt 3/4. 
Another group of simulation results can be found in Appendix B for the conditions when 50% of the ON cells have no traffic. From these results, D-RSRQ of Alt 2-1 is similar or even lower than that of Alt 3. The reason is that as the ratio of ON cells without traffic but CRS transmission increases, only measuring CRS symbols in non-DRS subframes would overestimates the RSSI, which is very similar as cases when ABS subframes are configured. For this condition when 50% of the ON cells have no traffic, Alt 1 would underestimate the RSSI, since the RSSI cannot capture the CRS power of ON cells without traffic but the CRS of such ON cells would lead to non-negligible interference to neighbour cells. For such a condition, Alt 2-2 is a good tradeoff solution between Alt 2-1 and Alt 1. 
Observation 3: As the ratio of ON cells without traffic but CRS transmission increases, D-RSRQ derived from D-RSSI of Alt 2-1 is similar or even lower than that of Alt 3, and D-RSSI of Alt 1 cannot capture the CRS power of ON cells which underestimates the RSSI. Alt 2-2 offers a tradeoff between Alt 2-1 and Alt 1. 
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                 (a) Ratio of On-cells = 20% (Light load)                                     (b) Ratio of On-cells = 40% (Medium load)

Figure 1. Absolute RSRQ: Ratio of On-cells without traffic = 20%
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(a) Ratio of On-cells = 20% (Light load)                                   (b) Ratio of On-cells = 40% (Medium load)

Figure 2. Delta RSRQ: Ratio of On-cells without traffic = 20%
3 Discussion on D-RSSI definition
D-RSSI and the related D-RSRQ are mainly used for inter-frequency handover and inter-frequency carrier selection for SCell reconfiguration. Therefore, the definition of the D-RSSI should have the target to reflect the realistic interference fluctuation of a frequency due to cell on/off. If D-RSSI uses the definition of Alt 3 or Alt 4, the target cannot be satisfied since DRS power of OFF cells would be captured into the D-RSSI. Considering the DRS of a cell has to be transmitted regardless whether the cell is ON or OFF, the interference fluctuation cannot be accurately reflected due to cell on/off. Based on the simulation results and the related observations, it is verified that the D-RSSI of Alt 3 and 4 cannot reflect the realistic interference and load condition for small cell deployments with on/off operation. Very underestimated D-RSRQ would occur especially for light load conditions, which would induce improper cell handover and SCell reconfiguration . Therefore, D-RSSI should not be defined by Alt 3 and 4. 
The key issue is that the D-RSSI captures DRS power from OFF cells which largely overestimates the D-RSSI especially for light load conditions and long DRS periodicity configurations, e.g., 80 ms or even 160 ms. Therefore, the basic design principle for the D-RSSI definition should be that the D-RSSI is measured on OFDM symbols that does not contain the DRS. Alt 1 and Alt 2 both satisfy the basic principle. 
Discussion on Alt 1
The issue of Alt 1 is how to determine OFDM symbols for D-RSSI measurements within the DRS occasion. Note that the DRS contains at least PSS/SSS and CRS AP0 and optionally contains at least CSI-RS AP15, so these REs should be excluded for D-RSSI measurements. Further considering FDD/TDD, cyclic prefix length and presence of DRS AP5 for TDD, the specific OFDM symbols that cannot be used are listed as below:
· PSS: symbol 5 (FDD), symbol 2 (TDD)

· SSS: symbol 6 (FDD), symbol 13 (TDD with normal CP), symbol 11 (TDD with extended CP)

· AP0, AP1: symbols {0, 4, 7, 11} with normal CP, symbols {0, 3, 6, 9} with extended CP

· AP15-22: depending on frame structure type, cyclic prefix length, and presence of AP5 for TDD

By excluding the above unusable symbols for D-RSSI measurements, Table 1 summaries the OFDM symbols that can be used for D-RSSI measurements. 
Table 1. OFDM symbols available for D-RSSI measurements 

	
	FDD
	TDD without AP5
	TDD with AP5

	Normal CP
	{1, 2, 3, 8}
	{1, 3, 8}
	{1, 3, 4, 5, 9, 12}

	Extended CP
	{1, 2, 7, 8}
	{1, 4, 5, 10}
	{1, 4, 5, 10}


Generally, a Rel-12 small cell should be turned OFF if it has no traffic to transmit. However, considering that a legacy small cell and a Rel-12 small cell that does not support on/off operation may exist, at least CRS should always be transmitted even if no traffic exists in these cells. If a certain percentage of small cells (e.g., 50%) has no traffic but CRS transmission, Alt 1 may lead to D-RSSI underestimation, since the RSSI cannot capture the CRS power of ON cells without traffic but the CRS of such ON cells would lead to non-negligible interference to neighbour cells. To solve this issue, Alt 1 may require a new equation of D-RSRQ calculation, e.g., D-RSRQ = D-RSRP/(D-RSRP + D-RSSI). However, considering that the traffic could dynamically change, this new equation would not always solve the D-RSSI underestimation, and sometimes may lead to D-RSSI overestimation. Another method is using a scaling factor in the new equation, which also cannot always match the dynamic traffic change. Furthermore, the network may not be able to configure an accurate scaling factor to a UE, since the network cannot easily know the UE’s interference condition, and it also complicates the system implementation. 
Discussion on Alt 2

Alt 2 requires that the D-RSSI is measured on OFDM symbols outside a DRS occasion. Alt 2 is further divided into two options Alt 2-1 and Alt 2-2. Based on the simulation results, Alt 2-1 may lead to D-RSSI overestimation, especially when a certain percentage of small cells (e.g., 50%) has no traffic but CRS transmission. The reason is that CRS power is not averaged for a subframe without traffic, which is similar as RSSI measurements on ABS subframes using the Rel-8 RSSI definition. 
Alt 2-2 not only excludes DRS power from OFF cells, but also is a good tradeoff solution between Alt 1 and Alt 2-1. Alt 2-2 can capture the CRS power even for a subframe without traffic, and can also smooth the CRS power over all OFDM symbols in a subframe without traffic. 
To support Alt 2-2, OFDM symbols should be found outside a DRS occasion. One method is that the duration of a DRS occasion should support the values less than 5 ms. For example, the duration of a DRS occasion is fixed as a value less than 5 ms, or configurable from 1ms to 5 ms. However, if the duration of a DRS occasion is fixed or configured as 5 ms, still one more subframe outside the DRS occasion could be used for D-RSSI measurements. Specifically, when a 6 ms measurement gap is configured, one 5 ms DRS occasion should be within the gap duration, and the remaining one ms within the gap is used for D-RSSI measurements. Note that even if RF switching consumes some time, e.g., 1-2 OFDM symbols, still more than one slot length within this one ms can be used for D-RSSI measurements. 
4 Conclusion
In this contribution, further analysis on the D-RSRQ issue is provided, assisted by the link level simulation for the D-RSRQ based on different alternatives for DRSSI measurement. Based on the simulation results and the further analysis, the following observations and proposals are provided: 

Observation 1: Large D-RSRQ gaps between D-RSRQ calculations based on existing RSSI definitions (Alt 3/4) and new RSSI definitions (Alt 1/2) occur for light load condition (about 10 to 20 dB) and medium load condition (about 5 to 10 dB), when 20% of the ON cells have no traffic but just CRS AP0 transmission. 
Observation 2: Much larger RSRQ dynamic range for D-RSRQ definition derived from D-RSSI of Alt 1/2 is observed compared to that of Alt 3/4. 
Observation 3: As the ratio of ON cells without traffic but CRS transmission increases, D-RSRQ derived from D-RSSI of Alt 2-1 is similar or even lower than that of Alt 3, and D-RSSI of Alt 1 cannot capture the CRS power of ON cells which underestimates the RSSI. Alt 2-2 offers a tradeoff between Alt 2-1 and Alt 1. 
Based on these observations, the following is proposed:
Proposal: 

· Alt 2-2 (D-RSSI is measured over all OFDM symbols in non-DRS subframes) is preferred for D-RSSI measurement. 

· Alt 1 can also be considered if the ratio of ON cells without traffic to ON cells with traffic is not large and if this can be guaranteed by the network
· D-RSSI 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 D-RSRQ dynamic range may need to be enlarged. Details should be discussed in RAN2 and RAN4. 
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Appendix 

A. Detailed simulation assumptions

Table A1. Detailed simulation assumptions for D-RSRQ

	Network topology
	SCE scenario 2a where 21 Macro each with 1 small cell cluster with 10 small cells

	UE dropping
	2 UEs dropped in each small cell

	Channel
	EPA_3

	MIMO
	1Tx_1Rx

	Signal for RSRP measurement
	CRS AP0 with 6 PRBs (No CSI-RS)

	Interference modelling
	Strongest 10 explicit interferers

	On/off configuration
	- Percentage of ON cells among all cells: 20%, 40%
- Percentage of ON cells without data among all ON cells: 20%, 50%

	Sample
	One shot measurement with only one subframe

	Metric
	- Absolute D-RSRQ
- Delta D-RSRQ = D-RSRQ’ – D-RSRQ of Alt. 3 (baseline is Alt. 3 of averaging among DRS subframes)


B. Other simulation results
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(a) Ratio of On-cells = 20% (Light load)                                 (b) Ratio of On-cells = 40% (Medium load)
Figure B1. Absolute RSRQ: Ratio of On-cells without traffic = 50%
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(a) Ratio of On-cells = 20% (Light load)                                    (b) Ratio of On-cells = 40% (Medium load)

Figure B2. Delta RSRQ: Ratio of On-cells without traffic = 50%






