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1 Introduction
On the improved small cell discovery in HetNet, RAN2 received RAN4 response LS R2-134495 in the RAN2#84 meeting, and it is stated in the LS that:
RAN4 has identified that for some scenarios, specifying relaxed minimum measurement performance is feasible, and provides opportunities for UE power saving.
RAN4 continues to discuss the suitable options, taking into account the additional information in R2-134466 (R4-137038).
Based on the LS, RAN2 decided that:
We will focus on relaxed measurement requirement based solutions for inter-frequency deployments and await further input from RAN4.
In this contribution, we will analyze two solutions for relaxed measurement requirement, and compare them with qualitative analysis and simulations. Finally we give our preference on the eNB controlled solution.
2 Discussion
In the TR 36.839, the following conclusion was reached from the study on inter-frequency small cell discovery:
It was concluded that continuously performing measurements according to existing performance requirements results in very high battery consumption without showing significant impact on offloading potential.
Therefore we understand that relaxed measurement requirements should allow a UE to discontinuously perform measurement on another frequency. As to how a UE discontinuously performs the measurement, there are mainly two solutions, and they are separately analyzed in the following sub sections.
2.1 Solution I: UE decides how to measure
The solution I is exactly the option 1 listed in the LS R2-132239 from RAN2 to RAN4. In the solution existing measurement gap pattern with existing measurement gap repetition periods is configured to the UE, and the UE decides on how to measure to comply with the relaxed measurement requirements. For example, the UE may periodically select some gaps and does not make inter-frequency measurement in these gaps, however, the exact number and position of these skipped gaps is unknown by the eNB, thus it is impossible for the eNB to schedule the UE in these gap subframes.
2.2 Solution II: eNB decides how to measure
The solution II also reuses the existing measurement gap pattern with existing measurement gap repetition periods. In order to comply with the relaxed measurement requirement the eNB can indicate the UE to periodically skip some gaps. In order to avoid excessive signalling between eNB and UE for the indication, two time intervals T1 and T2 are pre-configured to the UE by the eNB together with one existing gap pattern. As shown in Fig.1, the UE will measure with the gap pattern in a period of T1, and then the UE suspends the configured gap pattern and does not make any inter-frequency measurement in the period of T2. The UE will repeat the above new measurement behaviour until the eNB releases the gap pattern configuration with explicit signalling. 
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Figure 1 UE measurement behavior in the solution II
2.3 Analysis on solution I and II
In TR 36.839, the objective and evaluation criteria for improved small cell discovery in HetNet are captured in the section 6.2, and here we compare the above solution I and II from the aspects of the objective and the criteria:
The objective is to optimize the data offloading potential (e.g. maximize the amount of data that is transmitted in pico cells rather than in macro cells; maximize the time a UE stays out of the macro cell).
· Criteria 1)
UE power consumption for inter-frequency small cell measurements in HetNet deployments should be minimised.

How much a UE should measure pico cells on another frequency depends on the UE mobility state and the density of pico cells in the vicinity of the UE. The faster the UE moves, the more measurements the UE should make, in order to discover the Pico as early as possible and to get more offloading opportunity. The more pico cells are near the UE, the more measurements the UE should make, in order to discover as many pico cells as possible. In the solution I, it is for the UE to decide how many measurement gaps should be used. However, the UE does not know the deployment of the pico cells and the mobility states estimated by the UE are inaccurate
, so it is difficult for the UE to decide how many gaps it should take to measure and how many it should skip. In this case, there are two strategies for the UE to use:
· Conservative strategy, i.e. the UE makes measurement as much as possible. If the UE takes this strategy, then the above objective can be met, but the UE power consumption largely increases, i.e. the criteria 1) below cannot be met.
· Aggressive strategy, i.e. the UE makes measurement as less as possible. If the UE takes this strategy, then the UE minimises the power consumption of the measurement, but the UE will definitely miss some potential pico cells for offloading, thus the objective cannot be met.
In contrast, in the solution II it is for the eNB to decide how much measurement the UE should perform. Since the eNB knows about the deployment of pico cells and the more accurate mobility state of the UE, therefore the eNB can make better decision on how often and for how long the UE should perform measurements to ensure the objective and the criteria 1) to be fulfilled at the same time.
· Criteria 2)
Any interruptions on the serving cell(s) due to inter-frequency small cell measurements should be minimised.

In the solution I, the UE will autonomously skip some gaps but the eNB does not know the exact gaps skipped by the UE, thus the eNB cannot take the skipped gaps in scheduling. In other words, though the UE does not use some gaps for measuring, these gaps still bring interruptions to the serving cell. Therefore the solution I does not minimise the interruptions on the serving cell due to measurements and does not met the criteria. 
This is proved in the response LS R2-133755 from RAN4, and in the LS it states that: 
The first option (i.e. the solution I here) is not efficient due to scheduling opportunity loss during unused measurement gaps in the scenario that only offload frequency layer was configured for inter-frequency measurement.
On the contrary, the eNB decides how the UE measures in the solution II, so the eNB knows the time intervals unused by the UE for measuring and can schedule the UE in these intervals. In other words, only the gaps really used by the UE to measure will cause interruptions to the serving cell in the solution II, so the solution can minimise the interruption on the serving cell and fulfils the criteria.
· Criteria 3)
Inter-frequency mobility performance should not be degraded by measuring inter-frequency small cells.

Solution I and solution II will only be used in the scenarios where the separate frequency is used for offloading, and the measurement is only relaxed for the offloading frequency. Therefore, the two solutions will not bring any impact to the measurement of the frequency that is used for the purpose of coverage. Therefore, both the solution I and the solution II can meet the criteria 3).
· Criteria 4)
Mobility performance of legacy UEs should not be degraded to improve inter-frequency small cell detection by Rel-12 UEs.
Both solutions have UE impacts, so they can only be used on R12 UEs. The corresponding network impacts of these solutions will not impact the legacy UEs. Therefore both solutions fulfill the criteria.
The above comparison results are summarized in the following Table 1, and the table also lists the possible specification impact of the two solutions.
Table 1 Comparison table between the solution I and II
	
	Solution I
	Solution II

	Objective: Optimize the data offloading potential (e.g. maximize the amount of data that is transmitted in pico cells rather than in macro cells; maximize the time a UE stays out of the macro cell).

	No, the objective and the criterion 1) cannot be met at the same time.
	Yes, the objective and the criterion 1) can be met at the same time.

	Criterion 1) UE power consumption for inter-frequency small cell measurements in HetNet deployments should be minimised.
	
	

	Criterion 2) Any interruptions on the serving cell(s) due to inter-frequency small cell measurements should be minimised.
	No
	Yes

	Criterion 3) Inter-frequency mobility performance should not be degraded by measuring inter-frequency small cells.
	Yes
	Yes

	Criterion 4) Mobility performance of legacy UEs should not be degraded to improve inter-frequency small cell detection by Rel-12 UEs.
	Yes
	Yes

	Specification impact
	· Relaxed measurement requirement definition
· RRC signaling to indicate whether the relaxed measurement requirements are applied.
	· Relaxed measurement requirement definition
· RRC signaling to signal the T1 and T2.


2.4 Simulation evaluation on solution I and II
2.4.1  Simulation assumptions
In the simulation, we model the UE measurement behavior of the solution II as following:
· If the UE is served by a macro cell:

· the UE measures the frequency of pico cells in the time interval T1 using the existing gap pattern 0 in TS 36.133;

· the UE suspends measuring on the frequency of pico cells in the time interval T2 following the T1;

· the UE repeats the behavior in the above two sub-bullets.
· If the UE is served by a pico cell:

· the UE measures the frequency of macro cells using the existing gap pattern 0 all the time.

As analyzed in section 2.3, for Solution I, the UE has no sufficient information (e.g. Pico deployment and the UE speed) to determine how to relax the measurement. However, in order to compare the UE throughput performance between the solution I and the solution II, we assume that for the solution I the UE takes the same measurement behavior as solution II in this simulation. 
The main simulation assumptions are listed in the following Table 2, and please refer to TS 36.839 for the other assumptions.
Table 2 Main simulation assumptions
	 Items 
	Description 

	Carrier Frequency
	Macro cell: 2.0Ghz, Pico cell: 3.5Ghz

	Pico cell number per macro cell
	1

	UE number per macro cell
	5

	UE speed
	3km/h

	Traffic model
	Full buffer

	Handover parameters
	A2/A4: -85dBm, A3: 3dB, 
K: 4, TTT: 160ms

	T1
	280ms 

(including 7 gaps, 2 for cell detection and 5 for RSRP measurement)

	T2
	720ms, 1720ms, 4720ms or 9720ms


2.4.2 Simulation results
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Figure 2 CDF of UE throughput in the solution I and II 
In Figure 2, the UE throughput distributions of the solution I and II are logged for each T2. From the figure we can observe that for all the values of T2, the UE throughput of the solution II is generally higher than that of the solution I. As it is analyzed in the section 2.3 for the criterion 2), this is because the interruption on the macro cell due to inter-frequency measurements is minimised in the solution II but not in the solution I.
[image: image6.png]35

33

31

29

27

25

WSolutionT

msolution Il

T2=720ms

T2=1720ms

T2=4720ms

T2=9720ms





Figure 3 Average UE throughput of the solution I and II (Mbps)
The comparison of average UE throughput between the solution I and II is shown in Figure 3. 
When T2 becomes longer, the average UE throughput of the solution I descends, since the UE takes longer time for to detect the picos and the UE’s serving time in picos is reduced.
When T2 increases from 720ms to 1720ms, the average UE throughput of the solution II increases, but when the T2 increases from 1720ms to 4720ms and then to 9720ms, the average UE throughput of the solution II decreases. This phenomenon can be explained as follows. When T2 becomes longer, the eNB can schedule the UEs in more subframes, thus the average UE throughput of the solution II increases. However, with a longer T2, UEs will less frequently measure the another frequency of pico cells, thus this will decreases offloading opportunity in pico cells and reduces the average UE throughput of the solution II. As the T2 increasing from 720ms to 1720ms, the former positive influence dominates, while as the T2 further increasing longer from 1720ms to 4720ms and then to 9720ms, the later negative influence dominates.
From the figure, we can observe that the average UE throughput gain of the solution II compared to the solution I is about 9% when T2 is set to 720ms. The gain increases when the T2 becomes longer and finally it reaches about 18% when the T2 is extended to 9720ms, and the reason for the trend is that:

· In the solution II the interruption time on the macro cell due to inter-frequency measurement decreases as the T2 increasing.
· The interruption time does not decrease for the solution I since the macro cell always assumes the UE will not skip any measurement gap.
3 Conclusion
We made analysis on the two solutions of relaxed measurement requirements to see whether they can fulfill the objective and criterions agreed for small cell discovery in the study item phase, and we found that:

· The solution II can fulfill the objective and the criterion 1) at the same time but the solution I cannot. 
· The solution II can fulfill the criterion 2) but the solution I cannot.

Furthermore, the simulations prove that:

· The solution II has obvious throughput gain against the solution I. 
Therefore we have the following proposal:

Proposal: Standardize the solution II for small cell discovery in HetNet Mobility Enhancement WI. 
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� In TR 36.839, it states that the UE based Mobility State Estimation (MSE) is not as accurate in HetNet environments as in macro only deployments since it does not take into account cell sizes. However, it was decided that no enhancement will be introduced for the UE based MSE in the RAN2#84 meeting.
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