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1
Introduction
In this paper we discuss the RAN2 specification impacts for the background inter-frequency measurement solution for small cell discovery.  As already known from Rel-11 study item the main goal of the small cell discovery is to maximize the potential for offloading to small cell while being power friendly to the UE. Maximizing the offload to small cells improves the capacity and hence throughput of the macro cell. Background inter-frequency measurement enhancement supports better HetNet mobility performance by providing the network with more abundant small cell target information, due to continually performing measurement for small cells, which in turn enables the network to make better offload decisions
2
Background
Section 6 in TR 36.839 [3] documents the observations from the study of small cell discovery. Section 6.4 in [3] shows the different solutions that were proposed but decision on selection of solution(s) was left for Rel-12 in WI phase. See Section 6.4 in [3] for a high level summary of the different solutions and Annex A in [3] for the initial evaluation of these solutions. One of the solution proposed is the so called background search for small cells [4]. 
Now that in RAN#58 the work item [5] was approved which includes the following objective we continue the discussion on the small cell discovery.

•
Improved small cell discovery/identification that minimises battery consumption without significant impact on small cell offloading potential.  While not excluding intra-frequency, focus should be on inter-frequency small cell discovery.

TR 36.839 [5], Section 6 shows the impact of applying different inter-frequency measurement periodicities with different number of small cells deployed on the UE power consumption (energy used solely for the purpose of small cell detection) as well as the potential impact on the offloading capability. It was shown that if we use the currently available measurement gap patterns (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 i.e. it basically illustrates that UE uses a lot of unnecessary energy and effort on small cell detection. In this paper we present again the background inter-frequency measurement solution discussed in [R2-123102], [R2-130451] which is generic enough to not only use for the small cell offload use case but also for other uses cases that the network may deem useful. 
In this paper we were briefly repeat the description of the background inter-frequency measurement for small cell discovery solution and show the actual impacts to RAN2 specification. Such a solution would also reduce number of unnecessary handovers to small cells as moving UE will not even indicate/move to small cell due to relaxed search requirements. 
3
Discussion
3.1
Small cell discovery for offloading from macro cell
If inter-frequency small cells are deployed as hotspots for capacity reasons and to offload users to small cells these small cells can be present anywhere within the macro cell. In order to detect such cells this would require the UE to perform more continuous inter-frequency measurements i.e. not just at coverage edge of the macro, as anticipated when inter-frequency measurement procedures were originally designed, but anywhere within the macro cell coverage area. Having inter-frequency measurement activated more continuously for hotspot discovery on inter-frequency carrier will impact the UE battery life as well as it is likely to have impact on throughput performance. Reason for this impact is due to current UE performance requirements related inter-frequency cell search and measurements [36.133]. Offloading of users to small cells deployed on other carrier than serving cell carrier therefore require a different and more power efficient small cell discovery strategy.

Different solutions for small cell discovery, has been studied during the SI phase and outcome is captured in the [3]. From a broad perspective the strategy can be classified as either to perform measurements for small cells all the time but at a pace friendly for the UE battery or only at specific times dictated by specific conditions or triggers (e.g. proximity to small cells). Each method has it own pros and cons but from a specification impact and complexity point of view strategy based on less frequent measurements seem to be the simplest and leaves it up to network strategy when and how to use the feature which is important given that the objective here is only to discover cells for offloading purpose.
Using longer measurement periodicity will enable configuring the UE to perform inter-frequency measurement for detecting small cells for offloading in a more continuous manner and with minimum impact on the UE power consumption. The measurement is configured once and there would be no need to activate and deactivate the measurements (i.e. reduced signalling) due to the reduced measurement frequency.

As the UE will perform inter-frequency measurements in a more continuous manner but at a less frequent rate - we call such measurements a background inter-frequency measurement. 
There could be two main principles for defining background inter-frequency measurement for inter-frequency measurements – There are two main principles how this could be done:

1. All inter-frequency measurements are done with reduced performance 
2. Only explicitly indicated inter-frequency measurements are done with reduced performance.In many UE implementation UE requires measurement gaps for doing inter-frequency measurements – thus it seem inevitable that UE needs to be configured with measurement gap in order to do even these background inter-frequency measurements. One could implement this gap based approach in multitude of ways

a. One measurement gap per UE i.e. similar as nowadays. 

i. No new gap pattern defined - in this approach if only one inter-frequency layer (i.e. small cell layer) is used there will be issue of losing some throughput/scheduling flexibility as UE may omit using some of the gaps and RAN cannot utilize those for scheduling.

ii. New gap pattern defined - Gain to above is of avoiding unused gaps i.e. more potential scheduling opportunities for the UE at expense of defining new gap pattern that suits background measurements. In case of multiple carrier frequencies NW would need to decide what type of gap pattern is given for UE to get best possible performance for the situation e.g. if there is another inter-frequency macro layer used for coverage reasons it may not be good to configure UE with gap pattern used for background measurements. 
b. Multiple gaps per UE – In this approach UE would be configured with multiple gap patterns e.g. one gap pattern for normal inter-frequency measurements and one for background inter-frequency measurements. This would be quite different to existing LTE principle where just a gap pattern is configured per UE, but having multiple gaps configured should not be excessively complex either.  Especially as currently usage of gaps is left to UE implementation i.e. NW does not know which measurements are done in which gaps in current system this could change that principle – although it is not foreseen to be a big problem.
Any of the alternatives could be made to work – a simple summary is provided here for pros/cons of each solution:

	
	1a) No new gap pattern
	1b) new gap pattern – one gap per UE
	2) new gap pattern – multiple gap patterns per UE

	Only one inter-frequency layer (small cell layer)
	Lost scheduling opportunities due UE not needing all gaps – 
	No lost scheduling opportunities
	No lost scheduling as just background search gap pattern is defined

	Multiple inter-frequency layers (e.g. mix of small and macro cell layers). - 
	In this scenario NW configures s“legacy” gap pattern.
	In this scenario NW needs to configure “legacy” gap pattern to get good enough performance for inter-frequency macro measurements. 
	A different gap pattern is configured for small cell layer and for macro cell layer a “legacy” gap pattern is configured.

	Specification impact (commonly RAN4 needs to define background search performance)
	Indiation for which carrier reduced performance is needed – RAN2 impact small
	Definition of new gap pattern – RAN2 impact minimal
	Measurement gap configuration is redefined as UE could be configured with multiple gap patterns – There would be some extra complexity


Regardless of solution UE would anyway get gains in power consumption and any mobility related gains should be common for each of the solutions – Thus only difference is really in complexity and possible lost scheduling opportunities. 

If one defines the background inter-frequency measurement gap pattern it would be different from the existing inter-frequency measurement gap patterns available for inter-frequency and inter-RAT mobility. The currently standardized gap patterns for inter-frequency measurement were defined in Rel-8 and designed to enable support for fast inter-frequency cell detection and measurement to enable fast inter-frequency mobility when this was needed – e.g. at coverage edge. In macro only network the use of inter-frequency measurements for mobility reasons is done when seen necessary by the network and the gap pattern periodicity was rather dense to enable fast mobility e.g. when it is required to handover UE to a different frequency layer for load balancing or due to mobility reasons. The currently defined gap patterns [2] were designed - and therefore not optimized - for enabling efficient continuous inter-frequency cell detection and measurements for small cell discovery as have now been recognised beneficial in HetNet scenarios.
3.2
New gap pattern for background inter-frequency measurements
The current standardized measurement gap patterns involve a 6ms measurement gap and gap periodicity of either 40ms or 80ms [1][2]. As already shown in Figure 6.3.1 in [3] even a gap periodicity of 80ms is too frequent for inter-frequency measurements for small cell discovery for offloading purposes. On the other hand, if we use the current measurement gap pattern (Gap Pattern ID 0 or Gap Pattern ID 1) but instead relax the UE measurement performance requirement so that the UE only uses a subset of the measurement gaps available (thereby increasing the measurement periodicity) it is on system level inefficient since some of the measurement gaps will remain unused by the UE. As the eNB cannot use measurement gaps for scheduling the UE unused measurement gaps impacts the system performance and introduces inefficiency. We therefore see that the currently available standardized measurement gap patterns are not suitable for background inter-frequency measurement purposes. 
Therefore we propose to introduce a new measurement gap pattern of Gap Pattern ID 2 specifically designed for background inter-frequency measuremnt. This new measurement gap pattern could have relaxed measurement performance requirements compared to the existing performance requirements for inter-frequency measurements as defined in [2]. 
This solution is rather effective and will have minimal specification impacts to RAN2 especailly if only a gap pattern per UE is configured (for this approach a impacts to RAN2 specifications are shown in the annex) but would of course require RAN4 to define new measurement performance requirements for background inter-frequency measurement for small cell discovery. 

A new gap pattern based on the existing gap pattern rules would enable re-use of the rules defined in connection with using the existing gap patterns. i.e. it would be possible to apply same rules, as already defined in [36.321], concerning measurement gaps, and no changes would be needed e.g. in connection with interaction between gaps and user plane and re-use of HARQ, RACH, DRX etc. rules are possible.
Proposal 1: It is proposed to adopt a new measurement gap pattern for background inter-frequency measurements for small cell discovery purposes and send an LS to RAN4 to further investigate what would be the appropriate gap pattern configuration.
3.3
Signaling and Specification impacts
The network initially configures the UE with background inter-frequency measurements configuration for measurement on the carrier frequency used for deployment of small cells. The use of background inter-frequency measurement using a longer MGRP measurement gap configuration (Gap Pattern ID 2) does not preclude the network from switching the UE measurement gap configuration to one of the existing pre-REL-12 Gap Pattern IDs when needed for mobility decisions for coverage reasons.
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Figure 1 Signalling Flow Illustrating the network controlled background inter-frequency measurement for small cell discovery and reporting
In step 1, network configures the UE to perform background inter-frequency measurements by sending the a RRCConnectionReconfiguration message with MeasConfig IE. The MeasConfig IE provides the UE with measGapConfig that configures the UE with Gap Pattern ID 2 (i.e. gapOffset gp2). This allows the UE to perform background inter-frequency measurement for inter-frequency small cells.
In Step 2, the UE reports measurement for the detected small cell(s) to the network using the current measurement reporting procedure (using MeasurementReport message). 
The network may decide to offload the UE to one of the detected small cell or wait for further measurements before making the decision to offload the UE.

If the network decides to wait for further measurements it may send a RRCConnectionReconfiguration message with MeasConfig IE containing measGapConfig that configures the UE with either Gap Pattern ID 0 or Gap Pattern ID 1 (i.e. gapOffset gp0 or gp1).

As can be seen this solution allows a standardized and network controlled way to instruct the UE to perform background inter-frequency measurement which can be combined with the existing standardized measurement gap pattern and associated performance requirement. It enables a predictable HetNet mobility performance for offloading to a small cell, designed for a more efficient small cell discovery that has less impact on the power consumed by the UE. The only signalling impact is the signalling of a new gapOffset to the UE. A text proposal showing impacts to RRC specification for the solution 1b) (i.e. a new gap pattern and a gap pattern per UE) is shown at the end of this paper.
Proposal 3: It is proposed to adopt the network controlled background inter-frequency small cell discovery solution for inter-frequency measurements of small cells.
4
Evaluation

	Criteria
	Description

	Mobility performance
	Background small cell detection has impacts to time-of-stay in small cells, but those are very minimal as shown in the annex Figure 4.  
Additionally it would be expected that moving UE with relaxed performance will not find small cells so often so potentially even reducing handovers of moving UEs to small cells but since the main use case for handover to small cells is offloading this is not considered a serious drawback. Also note that measurement gap configuration is under network control and so mobility performance impacts from gap configuration can be controlled by proper network implementation algorithms.

	Standard effort
	Biggest impact in RAN4 to define reduced performance requirements – In ASN.1 no big changes are assumed e.g. just provide a new gap pattern or indicate per carrier whether reduced performance is acceptable (more complex alternatives are also possible if seen beneficial)  If multiple gaps are defined per UE then some more impacts to specifications are assumed.

	Signalling overhead
	Only impacts are assumed to be in Uu (and HO preparation) – Impacts are minor as just a parameter should be sufficient.

	Backward compatibility
	Legacy UEs/NWs cannot activate reduced performance for a carrier

	Idle UE applicability
	No impacts are assumed for idle mode – Naturally one could consider reduced performance for idle, but as HetNet scenario is mostly used for offloading non data transmitting UE should not be a big issue for that scenario.

	Imlementation/configuration complexity
	For NW this requires identification of cells for which reduced performance is acceptable – But this should be just similar effort as NW anyway has to do if they want to utilize HetNet i.e. no additional complexity in configuration is assumed. 
Of course a additional configuration bit is needed but main effort is the the identification as mentioned above.

For UE the complexity comes from need to get benefit by implementing different kind of performance for a reduced performance carrier. This could be non-trivial due to timing issues in the UE implementation.

On the other hand as shown in the results in the annex one can see that UE power consumption is radically reduced with the solution – Figure 3.


5
Conclusion
In this paper we discuss the background inter-frequency measurement solution for small cell discovery and the RAN2 specification impacts for the signalling support. The following proposals are being presented for RAN2 consideration:
Proposal 1: It is proposed to adopt a new measurement gap pattern Gap Pattern ID 2 for background inter-frequency measurements for small cell discovery purposes and send an LS to RAN4 to further investigate what would be the appropriate gap pattern configuration.
Proposal 2: It is proposed to adopt the network controlled background inter-frequency small cell discovery solution for inter-frequency measurements of small cells.
Beginning of Text Proposal

–
MeasGapConfig
The IE MeasGapConfig specifies the measurement gap configuration and controls setup/ release of measurement gaps.

MeasGapConfig information element
-- ASN1START

MeasGapConfig ::=




CHOICE {


release







NULL,


setup







SEQUENCE {



gapOffset






CHOICE {





gp0








INTEGER (0..39),





gp1








INTEGER (0..79),





...,




gp2-v12xy






INTEGER (0..[FFS])


}


}

}

-- ASN1STOP

	MeasGapConfig field descriptions

	gapOffset

Value gapOffset of gp0 corresponds to gap offset of Gap Pattern Id “0” with MGRP = 40ms, gapOffset of gp1 corresponds to gap offset of Gap Pattern Id “1” with MGRP = 80ms, gapOffset of gp2 corresponds to gap offset of Gap Pattern Id “2” with MGRP = [FFS]ms. Also used to specify the measurement gap pattern to be applied, as defined in TS 36.133 [16].


End of Text Proposal
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Annex A
Simulation Results (UE power consumption)
The benefits of less frequent background small cell search have been shown in [5]. In that paper a thorough analysis was presented for an indoor femto scenario with a realistic modelling of user movement. The conclusion was that UE performing frequent measurements does not necessarily improve the small cell connected time (since connected time is mainly a function of number of small cells deployed) – but instead it has direct and significant negative impact on UE power consumption.
In this paper we present similar analysis for a macro-pico scenario. In the simulations the macro and pico cells are deployed on different frequencies. Macro cell coverage extends to the entire simulation scenario, whereas pico cells have limited coverage at certain hotspot locations (there were 3 hotspots per macro sector in the central macro cell, and 1-3 of those hotspots had a pico cell depending on the case). When connected to a macro cell, UEs are assumed to do inter-frequency background small cell search to detect offloading opportunities. We consider different search intervals ranging from 80 ms to 60 s. Realistics user movement is modelled in the simulations (similar to [5], but adapted to the macro-pico scenario). The users alternate between macro movement state where they move at speed of 30 km/h and stationary state at random hotspot locations. As the users spend majority of the time in the hotspot locations, those are likely locations for an operator to deploy pico cells. We have simulated cases where 1/3, 2/3 and 3/3 of the hotspots have a pico cell.

More details on simulation methodology and assumptions are given in the appendix.

Figure 3 shows the average power consumption due to background small cell search for different search intervals. The result confirms that 80 ms search interval causes significant burden on UE battery life by consuming on average 5.4 to 24.5 mW of power depending on the extent of pico cell coverage in the scenario. Longer search intervals can save substantial amount of power and thus lengthen the UE battery life. At longer search intervals, the average power consumption due to background search becomes very low. It is below 2 mW at 1 s search interval and below 0.4 mW at 6 s interval.
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Figure 3 Average UE power consumption due to background small cell search with different search intervals. (Other UE power consumption is not considered here.)
Figure 4Table 1 shows the percentage of time the UEs spent in pico cells (i.e. total offloading). More extensive pico cell coverage increases the overall offloading opportunity (compare 2 and 3 pico cell/sector scenario to 1 pico). But regardless of the pico coverage, it is seen that offloading loss due to increased search interval is small. This loss in offloading opportunity for longer search intervals is caused by longer cell detection delay.  further illustrates this by showing the relative loss of offloading opportunity for different cases relative to 80 ms search interval. It is seen that the relative loss in offloading opportunity for longer search interval is in the order of only 1 % even with 60 s search interval. This indicates that trading off less than 1 % of the offloading opportunity can drop the power consumption due to inter-frequency cell search from over 30 mW to below 1 mW.  
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Figure 4 Percentage of simulation time that UEs were connected to pico cells with different background small search intervals. This represents the total offloading to pico cells.

Table 1 Available offloading opportunity relative to the 80 ms search interval case.
	
	Offloading opportunity [%]

	Background search interval
	1 pico/sector
	2 picos/sector
	3 picos/sector

	80 ms
	100
	100
	100

	1 s
	99.9
	99.9
	99.8

	2 s
	99.7
	99.8
	99.7

	6 s
	99.5
	99.6
	99.6

	10 s
	99.6
	99.6
	99.5

	30 s
	99.1
	99.3
	99.3

	60 s
	98.9
	99.2
	99.2


The simulation results suggest that background small cell search requirements can be relaxed substantially for offloading purpose with only marginal negative impact on offloading opportunity.

I am thinking that we need to show Short ToS and mean connected time similar to the figure 9 and figure 10 from R2-120523. We can copy those figures here and add some text to justify the mobility performance. We can discuss on Monday what simulation results can be updated based on new simulation runs.
Appendix B. Simulation methodology and assumptions

Simulation results were obtained with a dynamic radio system simulator. The simulation scenario is depicted in Figure 6. In the simulations there were 350 UEs deployed across 7 macro cell sites in a hexagonal grid containing in total 21 macro sectors. In addition there were 9 hotspot locations within the central hexagon. The pico cells were placed randomly within 3-9 out of 9 hotspots. In effect this meant that pico cell coverage within the hotspots was varied in the simulations. Macro cells and pico cells were assumed to operate in two separate 10 MHz carriers. The maximum DL transmit power was 46 dBm and 30 dBm for macro and pico cells respectively. Spatially correlated slow-fading model was used in simulations.

The main simulation parameters are summarized in Table 2.

The user movement model is similar to that in [5], but adapted to the macro-pico scenario (the original model was for macro-indoor femto scenario). The model is based on a state machine controlling the user movement. User can be in Macro Movement mode moving at 30 km/h, in Stationary mode within a hotspot location, or Moving Locally within a hotspot location at speed of 3 km/h. The hotspot locations model the areas where the users spend majority of their time and thus are likely locations for an operator to deploy pico cells.The state machine controlling the user movement is illustrated in Figure 7, which also gives the state transition probabilities and the distribution of length of user’s stay in each of the states. 80 % of the users are initially dropped in Macro Movement mode randomly across the scenario and 20% in Stationary mode within the coverage area of hotspots.
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Figure 6 Simulation scenario

As reference case we had the currently specified 6 ms measurement gap every 80 ms. Against this reference we compared the offloading and power consumption statistics with less frequent background small cell search with intervals (periodicities) of 1s, 2 s, 6 s, 10s, 30s and 60 s. It was assumed that searching the pico cell frequency resulted in 6 ms gap in reception from serving macro cell. The corresponding energy consumed due to searching for pico cells was assumed to be 6 ms x 0.5 W = 3 mWs. 

Table 2 Simulation parameters

	Parameter
	Assumption
	Comment

	Number of macro cells
	21
	7 sites with 3 sectors, hexagonal layout

	Macro cell ISD
	500 m
	

	Number of pico cells
	3-9
	Placed in the central hexagon

	Macro cell BW
	10 MHz
	Macro and pico on separate carriers

	Pico cell BW
	10 MHz
	

	Macro cell max Tx power
	46 dBm
	

	Pico cell max Tx power
	30 dBm
	

	Time-To-Trigger
	480 ms
	

	UE Initial Deployment
	80 % - Macro

20 % - Pico
	Dropped randomly in the scenario.

	Simulation Run-Time
	10 hrs
	

	Pico Cell-Specific Offset
	12 dB
	Enlarges pico-cell coverage 

	Path-loss models
	Model 1 for outdoor  Hotzone in [8]
	

	Shadowing Correlation
	Macro: 0.5 between cells

1 between sectors
	

	
	Pico: 0.5 between cells
	

	Shadowing Standard Deviation
	Macro: 8 dB

Pico: 10 dB
	

	Shadowing Correlation Distance
	Macro / Pico: 25m
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Figure 7 User movement model. In the “Macro movement” state the user moves randomly in the simulation world at 30 km/h for an exponentially distributed duration of 30 min on average. After that the user moves to the closest hotspot location, where it will be stationary for on average 45 minutes. After that the user has 20 % chance of returning to the “Macro movement” state and 80 % chance of moving locally within the hotspot area at 3 km/h until becoming stationary again. This means that on average user stays in the hotspot 5 x 45 min = 3.75 hours (+ the local movement) until returning to “Macro movement” state.
