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1
Introduction
In a Heterogeneous network (HetNet), the Low Power Nodes (LPN) are not always deployed on the same frequency as the Macro cell (see the list of scenarios presented in [1]). This may require UE measurements on other then the serving cell frequency for various reasons like e.g. UEs offloading to LPN for load balancing etc. In this paper we would like to discuss some optimizations to this process, since with HetNet introduction this might become an important “must-have” feature. 
2
Optimizing IF measurements

2.1
Scenario

When the UE is in CELL_DCH, the network can ask him to perform inter-frequency measurements – at the cost of compressed mode in most cases – to find a cell in a non used frequency. In non-DCH states the UE follows the cell reselection rules, as broadcasted in the SIBs and can reselect a cell which is listed in the Neighbouring Cell List (NCL).
In non-DCH states a UE is not supposed to measure inter-frequency cells (assuming absolute priorities are not used) if the quality of the serving cell (Squal) is above Sintersearch [6]. In this case the UE may not be capable of finding a Low Power Node (LPN) on a second frequency. This is illustrated in Figure 1 below. 
In case absolute priority is used, for inter-frequency layers with a priority equal or lower than the priority of the current serving layer, the UE will perform measurements only if the serving cell quality is low.
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Figure 1: Inter-frequency Scenario

As shown in Figure 1 the UE in such a scenario will continue operating on F1, even though there’s a LPN available on F2. There is no trigger to initiate inter-frequency measurements and consecutively a handover/reselection towards the LPN as the UE moves along it. The situation could have been different if the UE would be configured with Absolute Priorities (AP), assuming the LPN frequency is configured with higher priority than the macro layer. The rate of those measurements depends on RAN configuration of Sprioritysearch1 and Sprioritysearch2 parameters and their evaluation versus the Srxlev and Squal experienced by the UE. The method provides a mechanism to allow for inter-frequency measurements, however there might be a risk that a high value for this parameter leads to battery drain (see [2]). That is why we propose two ways for the UE to discover inter-frequency cells (listed in the NCL) in a way that does not drain too much battery.
2.2
Mandatory Inter-frequency measurements for a limited period of time
When the UE have had data exchange with the network, it has a good chance to make another access somewhere soon in the near future. This is especially true and typical in the case of smartphones, since their behaviour involves always-on message. This has been shown in Figure 2, below:
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Figure 2. An exemplary flow of messages sent from a smartphone indicating apart from the actual message (marked as “Standard message” ) several Keep Alive messages. Each of those messages causes the UE to go to CELL_DCH and then to return to CELL_PCH/IDLE (or CELL_FACH) state
From Figure 2 one can conclude that especially for smartphones this behaviour of changing RRC states due to keep-alive messages may happen quite often. This is why we propose to make use of that behaviour in such a way that when the UE is reconfigure to go to a non-DCH state (i.e. CELL_PCH, URA_PCH , CELL_FACH or Idle mode) from a state in which the UE is exchanging data with the network (CELL_DCH, CELL_FACH) the UE can be configured to make mandatory inter-frequency measurements for Cell reselection. This could be particularly usefull in HetNet scenarios with many LPNs deployed around the UE. As such this could speed up the process of LPN discovery on non-serving frequency layer. As mentioned before, continuous inter-frequency measurements can lead to battery drain, thus those mandatory measurements can be scheduled for a limited period of time (T1). The time during which the UE keeps doing inter-frequency measurement is signalled in the reconfiguration message to a Cell Reselection state or mode.
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Figure 3 Mandatory Inter-frequency Measurements, in case of Transition from DCH tp CELL_PCH
Figure 3 presents UE behaviour in case of a reconfiguration from CELL_DCH to CELL_PCH.
Proposal 1:
The network can mandate the UE to perform Inter-frequency measurements.
Proposal 2:
The time for which inter-frequency measurements are done is signalled in a reconfiguration message.
2.3
Relaxed inter-frequency measurements

As mentioned above, inter-frequency measurements can cause battery drain, which is not desired from the user point of view. Another approach is proposed below to allow inter-frequency measurements in a more efficient way: the inter-frequency measurements could be done in a relaxed manner. A similar approach has been taken in LTE (see [3] and [4]). When ordered by the network, the UE will make inter-frequency measurements as indicated by the NCL but would use new performance requirements.
For example the performance requirements in 25.133 ([5]) can be reduced in the following way:
In section 4.2.2.3 “Measurements of inter-frequency FDD cells”
Instead of following the requirement:
“The UE shall measure CPICH Ec/Io and CPICH RSCP at least every (Ncarrier-1) * TmeasureFDD (see table 4.1) for inter-frequency cells that are identified and measured according to the measurement rules”
The UE would follow the following requirement:
“The UE shall measure CPICH Ec/Io and CPICH RSCP at least every (Ncarrier-1) * TmeasureFDD*2 (see table 4.1) for inter-frequency cells that are identified and measured according to the measurement rules”
This would allow the UE to perform inter-frequency measurements for the discovery of inter-frequency LPN.
The Table 4,1 from 25.133 ([5]) is copied below:
Table 4.1: TmeasureFDD, TevaluateFDD, TmeasureTDD, TevaluateTDD, and TmeasureGSM
	DRX cycle length [s]
	Nserv [number of DRX cycles]
	TmeasureFDD [s] (number of DRX cycles)
	TevaluateFDD [s] (number of DRX cycles)
	TmeasureTDD [s] (number of DRX cycles)
	TevaluateTDD [s] (number of DRX cycles)
	TmeasureGSM [s] (number of DRX cycles)

	0.08
	4
	0.64 (8 DRX cycles)
	2.56 (32 DRX cycles)
	0.64 (8 DRX cycles)
	2.56 (32 DRX cycles)
	2.56 (32 DRX cycles)

	0.16
	4
	0.64 (4)
	2.56 (16)
	0.64 (4)
	2.56 (16)
	2.56 (16)

	0.32
	4
	1.28 (4)
	5.12 (16)
	1.28 (4)
	5.12 (16)
	5.12 (16)

	0.64
	4
	1.28 (2)
	5.12 (8)
	1.28 (2)
	5.12 (8)
	5.12 (8)

	1.28
	2
	1.28 (1)
	6.4 (5)
	1.28 (1)
	6.4 (5)
	6.4 (5)

	2.56
	2
	2.56 (1)
	7.68 (3) 
	2.56 (1)
	7.68 (3) 
	7.68 (3)

	5.12
	1
	5.12 (1)
	10.24 (2)
	5.12 (1)
	10.24 (2)
	10.24 (2)
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Figure 4: example of relaxed measurements, in case of transition from DCH to CELL_PCH
In Figure 4, we show an example of a UE configured to perform relaxed inter-frequency measurements when reconfigured from CELL_DCH to CELL_PCH.
Proposal 3:

RAN2 introduces relaxed inter-frequency measurements for cell reselection in non-DCH states and mode.
In the same way as the previous proposition, the network can chose to allow this relaxed measurement only for a small amount of time and then leave the UE to the legacy way of making inter-frequency measurements.
Proposal 4:

The network can provide a timer during which the UE should perform relaxed inter-frequency measurements.

Note that it would be possible to have first mandatory measurements and then relaxed measurements. UE would have more chance to have activity during the mandatory measurement part. After a this period, the UE has still some chance to have activity but lower, this is why it may be interesting to search for a cell during a relaxed measurement period.
The network could also chose to keep the UE making relaxed measurements indefinitely in the cell.
2.4
Simulations

Some simulation have been performed (see Section 5 for details about the simulation assumption), 
The table and graphics below show that both Mandatory Inter-frequency measurements for a limited period of time and Relaxed measurements allow UE to spend more time in the LPN layer with less Interfrequency measurement.
User speed = 3 km/h  (pedestrian)

Table 1: Simulation Results for 3 km/h

	T1 [sec]
	Portion of time on LPN layer [%]
	Portion of PCH cycles with inter-freq. measurements [%]

	No inter-frequency measurements

	0
	0
	0

	Always inter-frequency measurements in Cell_PCH

	-
	18.8
	100

	Inter-frequency measurements in Cell_PCH  for T1 period

	1280
	15.7
	35

	2560
	17.3
	50

	3840
	18.3
	62

	5120
	18.6
	71

	Relaxed  inter-frequency measurements in Cell_PCH  for T1 period  (once within 2 DRX cycles)

	2560
	15.3
	35

	5120
	15.7
	46


Table 1: Simulation Results for 3 km/h
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Figure 6: Time spent on LPN
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Figure 7: Interfrequency measurements

3
Configurable NCL
In a previous contribution, ([7]) we have proposed that the network can reconfigure the NCL of the UE in CELL_FACH or CELL_PCH. It has been proposed in the scope of Home Node B (HNB) Study Item but it can fit also the scenario of HetNet. The reasons for this proposal are that same principles as for HNBs apply to HetNet environment – small cells are to be discovered and used by UEs for their benefit. And since many UEs will be configured with non-DCH modes of operation this principle of a separate NCL for UEs in CELL_FACH or CELL_PCH which would include also the small cells applies to HetNet. 
For example, in the following scenario, a UE is camping on C1, and the network does not provide information for LPN. But the network could identify the UE as a slow moving smartphone and decides that it should camp on LPN whenever possible. In this case, the network would be able to give information about this cell to the UE as shown in Figure 8 and the message flow in Figure 9. The SIB of cell C1 does not broadcast the Cell C2. But via dedicated message the network can add this cell to the NCL of the UE, allowing the UE to discover and select the small cell.
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Figure 10: Addition of a Interfrequency cell in NCL
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Figure 11: Message flow for the addition of a Cell in UE’s NCL
In a similar manner, if the network identifies that a UE should not have a cell in it NCL; the network should be allowed to remove it. This can be the case for High Speed UE, or any UE that the network does not want to camp on a cell which is broadcasted in the SIBs.
Those changes in the NCL would be limited to the cell of the UE, because the UE read all the SIBs when performing cell reselection. This is why this is not proposed for URA_PCH.
Proposal 5:
The Network can change the NCL of the UE when in CELL_FACH or CELL_PCH for reselection.
4
Conclusion
We respectfully ask RAN2 to consider and agree on the following proposals:
Proposal 1:
The network can mandate the UE to perform Inter-frequency measurements.
Proposal 2:
The time for which inter-frequency measurements are done is signalled in a reconfiguration message.
Proposal 3:

RAN2 introduces relaxed inter-frequency measurements for cell reselection in non-DCH states and mode.
Proposal 4:

The network can provide a timer during which the UE should perform relaxed inter-frequency measurements.

Proposal 5:
The Network can change the NCL of the UE when in CELL_FACH or CELL_PCH for reselection.
Beginning of Text Proposal

Relaxed and limited measurements for UE in Non DCH state

The network could mandate the UE to perform Inter-frequency measurements for a limited period of time when changing state to save battery power. Also some relaxed inter-frequency measurements for cell reselection can be used as described in [X]

Simulation show that the use of the above features allow UE to spend more time in LPN layer without using as much power as a continuous IF measurement scheme. (see [Y])

Configurable NCL in CELL_PCH and CELL_FACH
The Network can change the NCL of the UE when in CELL_FACH or CELL_PCH for reselection on a dedicated manner.
End of Text Proposal
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5
Simulation Assumption
Basic radio configurations for the Hetnet mobility simulation

	Items 
	Macro cell 
	pico

	Distance-dependent path loss 
	L=128.1+37.6 log10(R), R in kilometres
	L=140.7+36.7log10(R), R in kilometres

	Minimum path loss distance (R)
	75m
	40m

	Max BS Antenna gain 
	14dBi
	5dBi

	Max UE Antenna gain 
	0 dBi
	0 dBi

	Shadowing standard deviation 
	8 dB 
	10 dB 

	 Correlation distance of  Shadowing


	50 m
	50 m

	Shadow correlation
	0.5 between NodeBs / 

1.0 between sectors
	0.5 between cells

	Antenna pattern
	3GPP ant (2D ant):
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	2D ant, omni-directional

	BS Total TX power 
	43dBm 
	30dBm 

	BS  TX power
	10% of total
	10% of total

	Penetration Loss
	20dB
	20dB


LPN deployment

	Macro cells
	21 (7 NodeBs  x 3 sectors)

	Inter-site distance  (ISD)
	1000 m

	LPNs per cell
	4

	LPN location
	random (uniformly) within the cell

	Minimum distance between LPN and macro
	75 m

	Minimum distance between LPNs
	40 m


User mobility
Bouncing circle mobility model.  Circle radius = ISD

User speed:  3, 60 km/h 
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Figure 1. LPN deployment

RRC states

Cell_FACH (no DRX)  + Cell_PCH

	Parameter
	Value

	T_fach_pch inactivity timer (to trigger PCH)
	400 ms

	PCH DRX cycle
	1280 ms

	PCH  DRX on time
	10  ms

	FACH -> PCH transition delay
	300 ms

	PCH ->FACH transition delay
	100 ms


Traffic model
Bursty traffic

	Component
	Parameter
	Distribution


	Derived parameters



	File size 
	Mean file size 

2 Kb
	Truncated Lognormal
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	Std. dev. = 0.361∙ mean

Max        = 2.5∙ mean
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	Inter-burst time 
	Mean  inter-burst time 
5 sec
	Exponential
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RSCP measurements (simple)

NodeB and LPNs are configured to use different frequencies 

           (FNB and FLPN   correspondingly).


Inter-frequency measurements are required.


Let us define:



Fserv – frequency of current serving cell   (FNB or FLPN )


F2    – second frequency (FLPN   or FNB   depending on Fserv)

Fserv  measurements  (intra-frequency)



in Cell_FACH:  once per 200 ms



in Cell_PCH:     once per PCH cycle


F2  measurements (inter-frequency)



in Cell_FACH:  never



in Cell_PCH:  see cases below

a) If  Fserv=FLPN   always IF  (use case 1)

b) If  Fserv=FNB    use case 1,2 or 3  (depending on configuration)


           Case 0–  no IF



never (only macro cells)


           Case 1– always IF 


in Cell_PCH:    once per PCH cycle (within on time)


           Case 2–  IF  in  PCH within T1 period  (R2-131213)


in Cell_PCH:    once per PCH cycle (within on time)  until T1 is expired





  (T1 timer is triggered after UE goes from FACH to PCH)


           Case 3–  relaxed IF  in  PCH within T1 period  (R2-131213)


in Cell_PCH:    once per K  PCH cycle (within on time)  until T1 is expired




  (T1 timer is triggered after UE goes from FACH to PCH)

Numerical results
Statistics for different inter-frequency measurements strategies.

User speed = 3 km/h  (pedestrian)

	T1 [sec]
	Portion of time on LPN layer [%]
	Portion of PCH cycles with inter-freq. measurements [%]

	No inter-frequency measurements

	0
	0
	0

	Always inter-frequency measurements in Cell_PCH

	-
	18.8
	100

	Inter-frequency measurements in Cell_PCH  for T1 period

	1280
	15.7
	35

	2560
	17.3
	50

	3840
	18.3
	62

	5120
	18.6
	71

	Relaxed  inter-frequency measurements in Cell_PCH  for T1 period  (once within 2 DRX cycles)

	2560
	15.3
	35

	5120
	15.7
	46
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User speed = 60 km/h  (vehicular)

	T1 [sec]
	Portion of time on LPN layer [%]
	Portion of PCH cycles with inter-freq. measurements [%]

	No inter-frequency measurements

	0
	0
	0

	Always inter-frequency measurements in Cell_PCH

	-
	15.4
	100

	Inter-frequency measurements in Cell_PCH  for T1 period

	1280
	7.9
	29.5

	2560
	11.9
	47.5

	3840
	13.2
	59.2

	5120
	14.2
	69.4

	Relaxed  inter-frequency measurements in Cell_PCH  for T1 period  (once within 2 DRX cycles)

	2560
	7.9
	29.5

	5120
	11.2
	43.7
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