3GPP TSG-RAN WG2 Meeting #82
R2-131878
Fukuoka, Japan, 20 - 24 May 2013
Agenda item:

7.1.1
Source:
Nokia Corporation, Nokia Siemens Networks
Title:
MSE Based Inter-frequency Measurements
Document for:

Discussion and Decision

1
Introduction
In this paper we present an enhancement for inter-frequency small cell discovery. The proposal is based on the UE MSE based measurements solution we have previously presented in [7]. A high level summary of the solution is also included in section 6.4 of TR 36.839 [2]:
Solution 9:
UE MSE based measurements
Fast-moving UE (high and possibly medium mobility state) may suspend inter-frequency measurements that are configured for offloading/load balancing purposes.

In the paper we present simulation results that show the potential benefits of this enhancement and discuss the possible specification impacts.
2
Discussion
2.1
Simulation results

Simulation results in [7] show that in some scenarios it is not beneficial for fast-moving UEs to be handed over to small cells. This is because fast moving UE typically ends up staying a very short time in small cells. Similar conclusion was reached in our UE mobility state estimation related papers [3]
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[4], where we have shown that it is better to avoid/steer away high mobility state UE from small cells. So, it is beneficial for fast moving UEs to not search for inter-frequency small cells. If we avoid inter-frequency measurements for small cells by fast moving UEs we can significantly reduce the power consumption by UE. In this case it is better to suspend inter-frequency measurements for small cells for UEs having high mobility state and achieve power savings. Suspending measurements also has the benefits of reducing the number of measurement reports sent to network and associated reduction in signalling and improves the short Time of Stay metric. 

To further assess the impact on UE power consumption, we have conducted system simulations comparing the power consumption of fast-moving UEs when 1) UE measures and reports inter-frequency small cells [baseline], and 2) UE does not measure inter-frequency small cells. For both of these cases the fast-moving UEs are kept on the macro layer. This means that also in 1) network doesn’t command any HOs to small cell layer, regardless of UE’s measurement reports.
The simulation scenario is a HetNet deployment with 21 macro cells on one frequency layer and 4 pico cells per macro cell on another frequency layer. During the simulation the UEs are moving at a constant speed. There is low data rate background traffic and UEs are configured with long DRX to minimize unnecessary power consumption. The purpose of assuming use of DRX is to show that there is UE power saving potential also when UE is configured with DRX. Detailed simulation assumptions are given in Appendix A.
Figure 1 shows the UE power consumption in baseline vs. MSE based measurements. UE speed is 60 km/h and different measurement gap configurations and DRX settings are simulated. With longer DRX cycle, the UE is required to measure less frequently (proportionally to the length of the DRX cycle) and thus the power consumption is also lower.  The results show that the significant amount of power can be saved by UE if it suspends inter-frequency measurements when moving fast (MSE mobility state above normal). Table 1 summarizes the absolute and relative power saving potential. With longer DRX cycles the absolute power savings potential naturally decreases due to less frequent measurements, but there is still substantial benefit in terms of longer UE battery lifetime. This result shows that UE based but network controlled solution (MSE based measurements) can give benefits.
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Figure 1 Comparison of UE power consumption for baseline (UE measures and reports small cells vs. MSE based measurements i.e. configuration where a fast-moving UE doesn’t measure inter-frequency small cells. Results are shown for 80 ms gap periodicity (results with 40 ms gap periodicity are similar).
Table 1: UE power consumption (80 ms gap periodicity)
	Case
(DRX cycle)
	Baseline
[mW]


	MSE based measurements
[mW]


	Absolute 
power saving [mW]
	Relative 
power saving 
[%]

	80 ms
	37.0   
	20.9
	16.1
	43.5

	160 ms
	19.6   
	11.5
	8.1
	41.3

	320 ms
	 10.9    
	6.7
	4.2
	38.5

	640 ms
	  6.5    
	4.3
	2.2
	33.8


2.2
UE mobility state based measurements
In order to obtain benefits discussed in section 2.1, we would want to provide network means to configure UE with measurements that are active only when UE is in certain mobility state (e.g. normal MSE). Instead of a fixed rule, such as “fast-moving UE does not measure/report inter-frequency small cells”, a better option could be to have this configurable and used only in such cases where it is beneficial to the network and to the UE.

From network point of view the benefit is that unnecessary reporting is avoided in cases where the network is anyway not going to handover fast-moving UE to small cells. From UE point of view the benefit is reduced power consumption when unnecessary measurements and reporting is avoided.
The solution we propose:
The network configures UE with measurements that are limited to certain MSE(s), e.g. to just normal MSE. When UE is outside the given MSE range, it is not required to report and may also omit the corresponding measurements. In specification [1], this could be achieved for example if reporting configuration includes (an optional) MSE range. E.g. as follows:
 


mseValidityRange




ENUMERATED {normal, medium, high, normalOrMedium, mediumOrHigh, normalOrHigh, any, spare}
Following example describes how this could be used.
Considering a setup where the network has macro cells deployed on frequency F1 and small cells for offloading on frequency F2. UE is served by a macro cell on F1. UE is configured with reporting of A3 event for F1 for the purpose of macro layer mobility. UE is configured with A3 event for F2 for finding offloading opportunities, but this is limited to normal MSE. This is illustrated in Figure 2. When UE is not in normal MSE, it is not required to report and measure corresponding to measurement ID 2. As a result UE can save power because it can suspend measurements on F2.
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Figure 2 Example measurement configuration with MSE range
Other alternative could be to have the MSE validity range would be associated with the measurement object MeasObjectEUTRA. The benefit of having it in measurement object is that it is simpler, but the drawback is then that the network can not configure different measurements for different MSEs if so desired (instead of just suspending for fast-moving UEs) – so there is less flexibility for the network compared to the having MSE validity range in ReportConfigEUTRA.
This enhancement works also together with background search [6], or with the current measurement gaps. Additionally, as this is closely dependent on the accuracy of mobility state estimation, it would naturally benefit of enhancements that make MSE more accurate in HetNet scenarios, for example the eMSE proposed in [5].
3
Conclusion
Proposal: We propose RAN2 to consider the solution presented in this paper for a MSE based inter-frequency measurement control for small cell carrier layer and decide whether the measValidityRange is to be included in measurement object or reporting configuration.
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Appendix A:

Simulation assumptions
Simulation assumptions are mainly according to TR 36.839 [2]. Table 2 below lists the main simulation parameters. The simulation scenario is illustrated in Figure 3.
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Figure 3 Simulation scenario. The blue arrows indicate the macro cell sector directions; green circles indicate the pico cell locations. Macro cell and pico cells are deployed on different frequency layers. Pico cells are deployed in clusters of 4 cells.
Table 2: Main simulation parameters
	Parameter
	Assumption
	Notes

	Macro cell ISD
	500 m
	3GPP Case 1

	Macro BS TX power
	46 dBm
	

	Pico BS TX power
	30 dBm
	

	No. of UEs
	630
	Randomly deployed across the scenario

	Pico-Cell Deployment
	4 per Sector
	See scenario illustration in Figure 3

	UE speed
	60 km/h
	Assumed to be above normal MSE

	L3 filter parameter K
	0
	

	Intra-frequency reporting
	Event A3, offset 3 dB, hysteresis 0 dB, TTT 256 ms
	

	Inter-frequency reporting
	Event A3, offset 2 dB, hysteresis 1 dB, TTT 256 ms
	Used only for baseline results

	Inter-frequency measurement gap
	6 ms every 40 ms or 80 ms
	Note that actual measurement periodicity depends also on DRX configuration. It is assumed that UE measures according to minimum requirements (depending on DRX cycle length)

	Long DRX cycle
	80, 160, 320, 640 ms
	

	UE power consumption during measurement
	255.5 mW
	For 6 ms measurement gap, it is assumed that UE measures for 5 ms

	Traffic
	DL: 640 bytes every 10 s
UL: 160 bytes every 10 s
	Background traffic

	Background load
	50 %
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