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1
Introduction
In this paper we take an initial high level look at some of the possible solutions that addresses the small cell discovery objective of the Hetnet Mobility Enhancements study item [4].

2
Background
In the Hetnet study item [4] one topic to look at was to identify and evaluate strategies for improved small cell discovery/identification.  In [5] we demonstrated using simulations the impact of different inter-frequency measurement periodicities and number of small cells deployed, on UE power consumption (energy used solely for the purpose of small cell detection) and impact on the offloading capability. There it was shown that if we use the currently available measurement gap pattern (6ms gap every 40 or 80ms) the impact on the UE power consumption is significant (and negative) even when having a relatively large amount of small cells deployed. In a Hetnet scenario where small cells are deployed as hotspots for the purpose of offloading users from macro cell (capacity scenario) the constant use of inter-frequency measurements using the current standardized measurement gap patterns and measurement rules will drain the UE battery rapidly. Note that in macro only network the use of inter-frequency measurements is done when seen necessary by network e.g. when it is required for offloading traffic to a different frequency layer or due to mobility reasons. It should also be observed that the currently defined gap pattern was originally designed for mobility purposes i.e., it was designed and optimized for allowing fast inter-frequency/RAT cell search and measurement enabling fast mobility when needed. So, in the next section we look at some of the possible solutions to overcome the in-efficiencies of using the current inter-frequency measurement configuration for the purpose of small cell detection. These include:
· Defining a new gap pattern suitable for inter-frequency small cell detection (e.g., for continuous background search).
· Signalling the network to configure the UE with inter-frequency measurement to trigger background search when there is a small cell in the proximity of the UE
· UE mobility state estimation based small cell inter-frequency measurements
· When UE has detected a sufficiently strong small cell, it can suspend inter-frequency measurements
3
Discussion
3.1
New gap pattern for background inter-frequency measurements
Currently the standardized measurement gap patterns involve a 6ms measurement gap  with gap periodicity of 40ms or 80ms [2]. As already shown in [5] even a gap periodicity of 80ms is too frequent for inter-frequency measurements for small cell detection purpose. It would be sufficient to perform the inter-frequency measurements less frequently and for this purpose a new measurement gap pattern could be defined with corresponding relaxed measurement performance requirements for small cell detection using background measurements compared to measurements for the traditional mobility purposes. This solution is quite effective with minimal specification impacts to RAN2 but requires RAN4 to define new measurement performance requirements for background inter-frequency measurement for small cell detection.
Proposal 1: It is proposed to adopt a new measurement gap pattern for low-effort background inter-frequency measurements and investigate further what would be the appropriate gap pattern configuration for the purpose of small cell discovery.
3.2
UE assistance for network triggered background inter-frequency measurements
Inter-frequency measurements even with a longer measurement gap periodicity (i.e. 80ms) is not efficient if UE performs these measurements all the time since in HetNet deployments the small cell density under a macro cell may not be very high due to use as a hotspot coverage for capacity reasons (e.g., use in home environment or office). In order to address this we need intelligent mechanisms to control when UE performs these background inter-frequency measurements for small cell detection.
One solution is to let network control when the UE is configured with such background inter-frequency measurement configuration for small cell detection. For this purpose, the UE can assist the network by indicating to the network when small cells are in the proximity of the UE. This would be a new proximity indication signalling (say, a level 1 proximity indication) almost similar to the Rel-10 proximity indication. Unlike the Rel-10 proximity indication which is intended to indicate proximity of allowed CSG/hybrid cells the new level 1 proximity indication could be used more generally to indicate the presence of any small cell for the purpose of configuration of background inter-frequency measurements.
Various solutions are possible in the UE for determining when a UE is close to a CSG or small cell e.g., RF finger print information or very simple macro cell CGI information. Figure 1 illustrates the use of the proposed new level 1 proximity indication and how it could work together with the already available proximity indication mechanism. The Figure 1 shows how the level 1 proximity indication is used to activate the background inter-frequency measurement in the UE. When the small cell has been detected UE sends this information to network and the regular inter-frequency measurement is activated for the purpose of reaching existing mobility performance. In all a more efficient small cell discovery that has less impact on the power consumed by the UE.
Proposal 2: It is proposed to adopt the level 1 proximity indication and low-effort background inter-frequency measurement configuration for small cell detection and further study the signalling details.
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Figure 1 Illustration of two-level proximity indication and use of background and regular inter-frequency measurements
3.3
UE mobility state based small cell inter-frequency measurements
In UE mobility state estimation related papers [6] [7] we have shown that it is better to avoid/steer away high mobility state UE from small cells. This is because typically a fast moving UE would be best served by keeping it connected to the macro cell layer of the network. Even if a suitable inter-frequency small cell is detected, the UE is likely to pass through its coverage so quickly that a handover to that cell would not be feasible or at least not beneficial. So, for fast moving UEs, inter-frequency measurements of small cells can cause unnecessary power consumption. It would make sense to try to avoid unnecessary inter-frequency measurements of small cells for fast moving UEs.
One way to achieve power savings in this case is to suspend inter-frequency measurements for small cells for UEs having high mobility state. However, inter-frequency measurements are necessary if small cells are deployed for coverage reasons on cell edge, which means that in some cases suspending inter-frequency measurements by UEs having high mobility state may cause the connection to drop. To cover both of these situations, we propose the following rules to control the inter-frequency measurements for small cells by an UE in high mobility state. The rules involve the use of different inter-frequency measurement modes which dynamically adjusts the rate of UE inter-frequency measurements for small cells and takes the UE mobility state in to consideration in its decisions.

· If UE is connected to a macro cell
· If UE’s serving cell received signal strength is above a threshold (e.g., RSRP > RSRPThreshold)
· Apply ‘inter-frequency measurement mode 1’
· Else (UE is at cell edge)
· Apply ‘inter-frequency measurement mode 2’
· If UE is connected to a small cell

· Apply ‘inter-frequency measurement mode 2’
Inter-frequency measurement mode 1: increase the inter-frequency measurement rate based on the UEs current  mobility state estimation and increase until a given mobility state estimation threshold after which the measurement is stopped (as handover to a small cell would not be beneficial anymore).
Inter-frequency measurement mode 2: increase the inter-frequency measurement rate based on the mobility state estimation to ensure network connectivity. The measurement rate is increased up to a certain inter-frequency measurement rate threshold after which the measurement rate remains constant.
An example of these measurement modes is shown in Figure 2.
Proposal 3: It is proposed to study the inter-frequency measurement strategy described above along with the two UE measurement modes defined for measurements in Hetnet environment.
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Figure 2 Inter-frequency measurement modes for measurements while in Macro and small cell
3.4
Optimized inter-frequency measurement triggering
In order to take advantage of the offloading opportunities provided by small cells on another frequency layer(s), UE could perform infrequent background measurements. Even if there is no immediate need for offloading, the network would then be aware of these opportunities and thus able to hand UE over to a small cell. However, when a (macro cell) UE has detected a good enough inter-frequency small cell, there is no need for the UE to continue searching for other small cells. Therefore the UE could stop the inter-frequency measurements after finding a good enough cell as the benefit from further inter-frequency measurements is very limited. Subsequently, the UE should resume inter-frequency measurements again if the found small cell gets weaker e.g., due to UE moving away from its coverage.

 Figure 3 illustrates the proposed improvement. UE is served by the macro cell BS1 on frequency 1, but has detected a strong inter-frequency small cell BS2 on frequency 2. The network may choose not handover UE’s connection to BS2, but UE can stop searching for other inter-frequency cells until BS2’s RSRP decreases below threshold T1.
Proposal 4: It is proposed to adopt the solution for intelligent suspend/resume of measurements for inter-frequency small cells depending on the availability of small cells with sufficient signal strength/quality. Exact thresholds and signalling details are FFS.
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Figure 3 Triggered suspend/resume of small cell inter-frequency measurements
The different proposals presented in this document work together in allowing taking advantage of available offloading opportunities with reasonable UE power consumption. The basic premise is that UEs having low or medium mobility state could perform background measurements to search for inter-frequency small cells. The power consumption impact of this background measurement can be limited to a feasible level by defining a new less frequent measurement gap patterns for this purpose as proposed in section 3.1. The search area can be limited by using the two-level proximity indication approach of section 3.2. Unnecessary inter-frequency measurements can be further avoided if the UE suspends inter-frequency measurements when a sufficiently good small cell has been detected. Additionally, UEs having high mobility state can stop inter-frequency measurements, because for those UEs a handover to a small cell would not be beneficial, as discussed in section 3.3.
4
Simulation Results and Discussion

In this section we first shortly describe the simulation setup and the assumptions used. Next, we present the results obtained from our simulations (Appendix A contains the actual simulation data gathered). And finally we then have a closer look at the outcome and analyse the impacts and present how the proposed solutions in the previous sections work.
4.1
Simulation Assumptions

The simulation results were obtained with a dynamic radio system simulator. The scenario is as shown in Figure 4. There are 350 UEs randomly deployed across 7 sites. Macro nodes [node IDs 0-20] and pico nodes [node IDs 21-23] are assumed to be deployed in two separate carriers. UEs are moving in random directions until the end of the simulation world and retrace the same path back. The antennas are isotropic with maximum transmit power of macro base station 40dBm and pico base station 30dBm. UE selects the strongest base station (macro or pico) detected during inter-frequency measurement
Various inter-frequency measurement periods used are: inter-frequency measurements every 80ms, 1s, 2s, 4s, 6s and 10s. The UEs measure inter-frequency cell only when it is connected to a macro-cell which has a pico-node in its coverage area. In the selected scenario this means that UE measures small cells only when connected to one of the central cells [node IDs 0-2]. If a small-cell is detected, 5 more samples are taken at 80ms intervals adding a delay of 400ms before connecting to the small-cell. The simulation is run for 1000s during which data for statistics is collected. The UEs are simulated to be moving at 3kmph, 10kmph, 30kmph, 45kmph and 60kmph.
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Figure 4: HetNet 2-Tier scenario with one pico-node per sector in the center tier.
4.2
Simulation Results
Figure 5 shows the average power spent in the simulation scenario by UEs trying to detect inter-frequency pico-nodes, normalized to 80ms inter-frequency measurement period (See Appendix A, Table 1 for the corresponding data on average UE power [in mW] spent for small-cell measurement versus the UE speed). This metric is important in identifying the amount of power UE spends in trying to find the small-cell.
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Figure 5: UE Power consumed for measurements normalized to 80ms inter-frequency measurement case

Figure 6 shows the small-cell connected time normalized to 80ms inter-frequency measurement periodicity case (See Appendix A, Table 2 for the corresponding data on time UEs spent on the small-cell layer [in seconds],once it is detected and selected). The time spent on small-cell layer indicates the offloading opportunities available to the UE at different speeds for various inter-frequency measurement periods. Figure 7 indicates the average amount of time spent by each UE in the small-cell layer as a percentage of total simulation time (see Appendix A, Table 3 for the corresponding date on average amount of time spent by each UE in the small-cell layer as a percentage of total simulation time).
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Figure 6: Time spent [in seconds] on small-cell layer normalized to 80ms inter-frequency measurement periodicity case.
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Figure 7: Average time spent on small-cell layer as percentage of total simulation time

Figure 8 presents the number of small-cell mobility events (inter-frequency measurements done, small-cells detected and selected/handovered) made for different inter-frequency measurement periodicities and UE speeds normalized to 80ms case.
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Figure 8: Number of small-cell mobility events normalized to 80ms inter-frequency measurement periodicity
 In figure 9, we express the short time of stay connections as a percentage of total connections during the simulation (see Appendix A, Table 4 for the number of short time of stay connections in small-cells, expressed as a function of inter-frequency measurement periodicity and UE speed). This metric indicates the number of times UE moves out of the cell coverage area as soon as it connects to the small cell (ping-pongs).
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Figure 9: Short ToS connections expressed as a percentage of total connections

 Figure 10 shows the the mean small-cell connection time [in s] as a function of inter-frequency measurement periodicity and UE speeds (see Appendix A, Table 5 for the corresponding data). This combined with the number of short connections, is a good measure indicating the cost of trying to find small-cells at high user speeds.
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Figure 10: Mean small-cell connection time [in second] for various UE speeds and inter-frequency measurement periodicities
Figure 11 presents the comparison of a simple 80ms and 6s inter-frequency measurement period for regular measurement case (UEs measure at regular intervals while connected to center cells) with the one using UE assisted network triggered background inter-frequency measurements every 2s. The results are shown for UE speed of 3kmph.
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Figure 11: UE power consumption and small-cell connected time for regular measurement method at 80ms and 6s inter-frequency measurement periodicity compared to low-effort background measurement case normalized to the 80ms case.
4.3
Discussing the Results
We can observe from Figure 5 that there is a linear relation between UE power consumption and inter-frequency measurement period (which can be calculated mathematically as well). The amount of power consumed with frequent small cell search (of 80ms) is significant as compared to less frequent inter-frequency measurements. Yet, from Figure 6, we can observe that for low mobility case (UE speeds of 3kmph and 10kmph), this does not translate into significant gains in terms of small-cell discovery. From Figure 7, we can observe that in terms of average time spent by an UE in small-cell layer as percentage of total simulation time, there is only 1.3% difference for 80ms and 10s inter-frequency measurement periodicities but at high mobility (60Kmph), this increase to 3.6% which translates to around 75% loss in terms of offloading as we can observe from Figure 6.

For 3kmph UE speed case, from figure 5 and 6, we can observe that for inter-frequency measurement periodicity of 10s, significant power savings can be achieved without losing much in terms of offloading opportunities (<20% loss in total small-cell connected time). From Figure 8 we can see that there is ~50% reduction in terms of small-cell mobility events compared to 80ms inter-frequency measurement periodicity, but since the lost opportunities are mostly short ToS connections, it is not reflecting much in terms of total small-cell connection time.

As the UE speed increases, from Figures 6 and 8, we can observe that the loss in terms of offloading opportunities or small-cell discovery is affected by infrequent small cell search. E.g., in the 30kmph case, we can observe that there is over 60% drop in small-cell connected time, if we measure small-cells every 10s. This can be further explained by Figure 8, where we can see that for this case, number of small-cell mobility events is reduced by 80% compared to 80ms inter-frequency measurement periodicity. However, from figures 9 and 10, we can observe that inter-frequency measurements more frequently come with the added cost of increase in short ToS connections as well as a sharp drop in the mean connected time (average time UE selecting a small-cell is connected to it). So from Figures 5, 6 and 9, we can note the following (assuming ~20% offloading loss trade-off as acceptable):
For 3Kmph UE speed, inter-frequency measurements every 10s gives approximately 99% power savings compared to 80ms inter-frequency measurement period.

For 10Kmph UE speed, inter-frequency measurements every 4s gives 97% power savings compared to 80ms inter-frequency measurement period.

For 30Kmph, inter-frequency measurements every 2s gives 95% power savings compared to inter-frequency measurements every 80ms.
Above 30Kmph, mean connected time (Figure 10) is less than or equal to 3s. So, from UE power savings perspective and avoiding short time of stay (unless really essential, for e.g. macro-cell signal quality poor, coverage hole, etc) it would be more beneficial to not measure small-cells, rather than measure and not select (increased TTT, etc.).

From the results, we can observe that for low mobility UEs, frequent inter-frequency measurement periodicity does not improve small-cell connected time. This is in line with the results presented in [5]. Also, for medium mobility state, inter-frequency measurements made more frequently leads to better small-cell discovery, whereas for high-mobility UEs, inter-frequency measurements for small-cells lead to increase in short-stays. This warrants further study into the correlation between mobility state and inter-frequency measurement periods as proposed in Section 3.3.

Figure 11 presents the result of using a simple RF Fingerprint scheme using intra-frequency measurements. This supports the need for the use of a level-1 proximity indication in order to trigger background inter-frequency measurements. From figure 11 we can observe that using RF fingerprints, we can have further energy savings compared to inter-frequency measurements every 6s, without any trade-off in terms of offloading opportunities. We can note that there is ~95% power savings compared to 80ms and 67% power savings compared to 6s inter-frequency measurement periodicities with just 6.5% loss in terms of offloading (time spent in small-cell layer) compared to 80ms case.
The results shown in Figure 11 essentially means that having a level-1 proximity indication as proposed in Section 3.2, effectively reduces the area where UE needs to search for inter-frequency cells, and yet fully utilize the offloading opportunities available. This translates to significant UE power savings.

4
Conclusion

In this paper we have proposed several solutions for addressing the small cell discovery/identification objective of the Hetnet Mobility Enhancements study item. We have also presented simulation results showing UE power consumption and small cell connect time metrics and have analyzed what is an appropriate measurement periodicity for inter-frequency measurements of small cells for UE under different mobility states. The following summarizes the proposals made in the paper:
Proposal 1: It is proposed to adopt a new measurement gap pattern for low-effort background inter-frequency measurements and investigate further what would be the appropriate gap pattern configuration for the purpose of small cell discovery.

Proposal 2: It is proposed to adopt the level 1 proximity indication and low-effort background inter-frequency measurement configuration for small cell detection and further study the signalling details.
Proposal 3: It is proposed to study the inter-frequency measurement strategy described in section 3.3 along with the two UE measurement modes defined for measurements in Hetnet environment.

Proposal 4: It is proposed to adopt the solution for intelligent suspend/resume of measurements for inter-frequency small cells depending on the availability of small cells with sufficient signal strength/quality. Exact thresholds and singling details are FFS.
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Appendix A
Simulation Data
Table 1: Average UE Power (in mW) used for small cell measurement as a function of measurement periodicity and UE speed

	Inter-frequency Measurement Periodicity/ UE Speed
	3kmph
	10kmph
	30kmph
	45kmph
	60kmph

	80ms
	46.5
	46.4
	46.4
	46.4
	46.4

	1s
	3.8
	3.8
	4.0
	4.0
	4.1

	2s
	1.9
	1.9
	2.0
	2.1
	2.1

	4s
	0.9
	1.0
	1.0
	1.1
	1.1

	6s
	0.6
	0.7
	0.7
	0.7
	0.7

	10s
	0.4
	0.4
	0.4
	0.4
	0.4


Table 2: Time spent on small cell layer [in seconds] as a function of measurement periodicity and UE speed.

	Inter-frequency Measurement Periodicity/ UE Speed
	3kmph
	10kmph
	30kmph
	45kmph
	60kmph

	80ms
	21478.1
	20130
	17593.1
	15669.5
	15210.9

	1s
	20488.3
	18605.8
	15921
	13801.3
	13165.2

	2s
	19909.5
	17629.4
	14385.6
	12051.8
	11238.2

	4s
	18911.6
	16160.6
	12131.9
	9672.32
	8707.9

	6s
	18158.9
	15071.8
	10598.2
	8062
	6777.8

	10s
	16976.6
	13278.3
	8292.8
	5762.4
	4380.9


Table 3: Average time spent on small-cell by each UE as a percentage of total simulation time.

	Inter-frequency Measurement periodicity/ UE Speed
	3kmph
	10kmph
	30kmph
	45kmph
	60kmph

	80ms
	6.1
	5.7
	5.0
	4.5
	4.3

	1s
	5.8
	5.3
	4.5
	3.9
	3.7

	2s
	5.7
	5.0
	4.1
	3.4
	3.2

	4s
	5.4
	4.6
	3.4
	2.7
	2.5

	6s
	5.2
	4.3
	3.0
	2.3
	1.9

	10s
	4.8
	3.8
	2.3
	1.6
	1.2


Table 4: Number of short ToS connections (<1s) as a function of inter-frequency measurement periodicity and UE speed

	Inter-frequency Measurement Periodicity/UE Speed
	3kmph
	10kmph
	30kmph
	45kmph
	60kmph

	80ms
	300
	914
	2164
	2597
	3118

	1s
	190
	720
	1502
	1797
	2103

	2s
	187
	485
	1067
	1322
	1469

	4s
	115
	347
	688
	817
	896

	6s
	83
	225
	500
	564
	673

	10s
	59
	153
	304
	400
	456


Table 5: Mean small-cell connection time for each UE.
	Inter-frequency  Measurement Periodicity/ UE Speed
	3kmph
	10kmph
	30kmph
	45kmph
	60kmph

	80ms
	17.3
	7.5
	3.6
	2.7
	2.3

	1s
	18.2
	8.2
	4.1
	3.1
	2.6

	2s
	19.3
	9.5
	4.7
	3.5
	2.9

	4s
	22.4
	11.1
	5.4
	3.9
	3.2

	6s
	24.9
	12.5
	5.7
	4.0
	3.1

	10s
	28.9
	14.1
	6.1
	3.9
	2.9
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