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1. Introduction

Though there is discussion on the number of small cells to be detected in 3GPP RAN1 Session #74bis, no conclusion is achieved yet.  From our views, the reasons why we need to detect weaker small cells mainly comes from three folds – 1) small cell on/off operation; 2) load balancing between small cells; 3) Support of CSG small cells.  Even with these good reasons, it’s not reasonable for an UE to detect a small cell with very weak received signal strength because there is no benefit for an UE to be associated with such a small cell.  Therefore, rather than discussing the number of small cells to be detected, the relative value of RSRP gap to the strongest small cell for small cell discovery should be the one for further discussion.  However, the requirement of RSRP gap remains unclear and it’s difficult to continue discussion further without consensus on the requirement.  Since whether enhancements on small cell discovery are needed highly depends on the requirement of RSRP gap, it’s necessary to further investigate the requirement before further discussion on small cell discovery schemes. 

In this paper, we provide our views on the RSRP gap requirement from the perspective of system performance, in addition to the number of detectable small cells.  To model the condition UE may be associated to a weaker small cell due to above three main reasons, handover margin corresponding to the RSRP gap is assumed and RSRP measurement error is modeled to reflect the difference between legacy and new schemes.  To investigate the RSRP gap requirement, different RSRP gaps are applied to observe its impact on user packet throughput.


2. Cases for Evaluation 
To investigate the RSRP gap requirements for the target detectable small cells, we set the following cases to evaluate the system performance under different RSRP gaps in terms of detectable small cells number, user association ratio to the 1st, 2nd, 3rd, 4th strongest small cells, and user packet throughput (UPT) for macrocell/small cell layer.
· Traffic rate is assumed to be 15 packets/s within the geographical area of a macorcell
· 5, 10, 15, 20 dB using RSRP/RSRQ association with corresponding handover margin 5, 10, 15, 20 dB for cell association based on CRS
· UEs are randomly associated to one of cells within the handover margin in the simulation
· Detection rate and RSRP measurement error are assumed based on CRS design in the simulation
· 5, 10, 15, 20 dB using RSRP/RSRQ association with corresponding handover margin 5, 10, 15, 20 dB for cell association based on DRS
· UEs are randomly associated to one of cells within the handover margin in the simulation

· Detection rate and RSRP measurement error are assumed based on proposed DRS design [1] in the simulation
Based on the comparison of system performance for different values of RSRP gap, the target RSRP gap requirement can be determined.



3. Simulation Results and Discussion
In the simulation, layer association between macrocell and small cell layers is based on relative RSRQ comparison and the cell association within the macrocell layer is based on relative RSRP comparison. CRS-IC (incl. CRS-to-data and CRS-to-CRS collision cases) and 6 MBSFN subframes are considered to reduce CRS interference. Small cell on/off is applied with assuming 10ms latency for both off-to-on and on-to-off transition which is discussed in our companion paper [3]. The detailed simulation assumptions are listed in the Appendix. 
Figure 1 shows the number of detectable cells under different RSRP gaps. In the left figure, the RSRP measurement error is not considered and the detection rate for the small cells within the RSRP gap is always 100%. In the right figure, the RSRP measurement error and realistic detection rate are both modeled according to the link level simulation results. In all simulation cases, CRS interference cancellation is modeled.  Obviously, the larger RSRP gap, the more detectable small cells. For example, if 5dB RSRP gap is considered, only up to 6 small cells can be detected within the gap and more than 10 small cells can be detected within 20dB RSRP gap. In addition, a significant difference can be observed between the results of two figures due to the modeling of realistic detection rate and RSRP measurement error, especially for a larger RSRP gap (e.g., 20dB), where the number of detectable small cells reduces.
Observation #1: More small cells can be detected within a RSRP gap. The larger gap,  the more detectable small cells.
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Figure 1: Number of detectable cells under different RSRP gap with CRS-/DRS-based cell detection
Figure 2 shows the portions of UEs associated to the 1st, 2nd, 3rd and 4th strongest small cells using different RSRP gaps for handover margin. The left figure shows the UE association ratio without considering RSRP measurement error and 100% detection rate within a RSRP gap. In the right figure, the RSRP measurement error and realistic detection rate are both considered. From the simulation results of the left figure, it is observed that more than 70% UEs are associated with the strongest small cell when RSRP gap = 5dB and only negligible UEs associate with the 4th strongest small cell.  However, the portion of UEs associated with the strongest small cell decreases and the portion of UEs associated with the 4th strongest small cell increases when the RSRP gap grows larger. When gap = 15dB, there is 12% of UEs associated with the 4th strongest small cell and more than 20% UEs associated to weaker small cells. From the perspective of system performance, the distribution of UE association ratio for 15 and 20 dB RSRP gap seems abnormal because more UEs are associated with weaker small cells. However, when RSRP measurement and realistic detection rate are considered, the cells selected for UE’s association are mostly concentrated on the 1st, 2nd and 3rd strongest small cells due to smaller detection rate of weaker small cells.
Observation #2: The portion of UEs associated with the strongest small cell decreases and the portion of UEs associated with 3rd and 4th strongest small cell increases when the RSRP gap grows larger.
Observation #3: The RSRP measurement error and the target detection rate requirement have large impact on UE association ratio to small cells with different received signal strength. 
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Figure 2: The portions of UEs association under different RSRP gaps with/without considering RSRP measurement error and realistic detection rate modeling
Although there are more detectable small cells when larger RSRP gap is considered, it is not expected that larger RSRP gap would always lead to better system performance because larger RSRP gap would result in higher portion of UEs associated to weaker small cells which may not be able to provide good user packet throughput to those UEs. In addition, there is big throughput performance difference between CRS- and DRS-based cell association scheme due to better RSRP measurement accuracy in DRS-based scheme. Figure 2 shows some abnormal phenomena for UE cell association. Therefore, in addition to the CDF of detectable cells, it’s also important to investigate the appropriate RSRP gap value from the perspective of system performance.
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Figure 4: average and 5% UPT under different RSRP gap with CRS-IC and 6 MBSFN subframes

Figure 3 shows the performance evaluation results of SCE scenario 2a with different RSRP gaps in terms of average and cell edge user packet throughput (UPT) for macrocell/small cell layer compared with no-gap, respectively. It can be observed that significant gain can be obtained within a certain RSRP gap for load shifting. However, when the gap is too large, the gain begins to decrease because the UE’s offloading to a very weak small cell is not efficient anymore due to severe interference. Therefore, there is an optimal value of the RSRP gap requirement to provide the best user packet throughput. Compared to CRS-based cell detection, DRS-based cell detection within a RSRP gap provides a better user packet throughput performance due to the reduced interference from CRS to data and data to CRS with RE muting.
Observation #4: DRS-based cell detection, compared to CRS-based cell detection, provides better UPT when the same RSRP gap is applied. 

Observation #5: RSRP gap = 10 dB provides the best UPT.
Based on the above observations, we have the following the proposal:

Proposal: RSRP gap requirement for small cell discovery should be 10 dB.


4. Conclusion
Based on the simulation results and observations shown in Section 3, the following proposals can be concluded.
Observation #1: More small cells can be detected within a RSRP gap. The larger gap, the more detectable small cells. 
Observation #2: The portion of UEs associated with the strongest small cell decreases and the portion of UEs associated with 3rd and 4th strongest small cell increases when the RSRP gap grows larger.
Observation #3: The RSRP measurement error and the target detection rate requirement have large impact on UE association ratio to small cells with different received signal strength. 
Observation #4: DRS-based cell detection, compared to CRS-based cell detection, provides better UPT when the same RSRP gap is applied. 

Observation #5: RSRP gap = 10 dB provides the best UPT.
Proposal:  RSRP gap requirement for small cell discovery should be 10 dB.

5. Appendix: Simulation Setting
Table 1: Simulation assumptions for system level simulation
	Parameters
	Assumptions

	Scenario
	Scenario #2a, 7 macro sites

	System bandwidth per carrier
	Macro: 10MHz; Small cell: 10MHz

	Carrier frequency
	Macro: 2.0GHz; Small cell: 3.5GHz;  both 1 carrier

	Total BS TX Power
	Macro: 46dBm; Small cell: 30dBm

	Number of clusters per macro cell geographical area
	1

	Number of small cells per cluster
	10

	Distance-dependent path loss
	ITU model with 3D distance as baseline

	UE dropping
	Baseline: 1/3 UEs per macro cell, randomly and uniformly dropped in macro geographical area, 2/3 UEs randomly and uniformly dropped within the clusters. 20% UEs are outdoor and 80% UEs are indoor.

	Cell selection criteria
	RSRQ based with realistic cell load

	RSRP gap
	RSRP gap is considered with 5dB, 10dB, 15dB, 20dB

	Small cell on/off criteria
	On/off based on packet call arrival/completion

	CRS-IC
	CRS-IC is included as in [2]

	MBSFN subframe configuration
	6 MBSFN subframes

	Small cell on/off enable
	Small cell on/off is applied with 10ms for both off-to-on and on-to-off transition latency

	Traffic model
	FTP Model 1 as in TR 36.814 with packet arrival rate = 15

	Scheduling
	Proportional Fair

	UE receiver
	MMSE-IRC

	Antenna configuration
	2Tx2Rx in DL, cross-polarized

	MIMO scheme
	Single point transmission with SU-MIMO, up to rank2
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