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1 Introduction

In RAN2#85bis, we discussed alternative strategies to control idle mode UE distribution such as UE inter-frequency relocation in active mode, preservation of UE distribution in idle mode or combinations thereof [1]. There is strong correlation between the idle mode UE density and the active UE traffic load in an E UTRAN cell. Hence, control of the idle mode UE distribution is an essential element for traffic load management. In this document we discuss cell-specific prioritization as a strategy for idle mode load balancing and provide some use cases to show how load balancing can be achieved with such a mechanism.
2 Discussion

2.1 Load Balancing

In [2], access load is suggested to be used as a measure of idle mode UE density. Any metric of the traffic load or UE population in connected mode can also reflect the idle mode UE density. One should consider direct ways such as radio resource utilisation, number of active users, characterisation of active users based on the type of traffic or radio bearer configuration, or combinations thereof. Traffic load assessment targets periods of time in the order of seconds since UE activities are volatile and shift rapidly. When a network experiences active traffic overload and/or access overload, the overload situation may become persistent if only access barring or active traffic redirection mechanisms are used. This can be solved by a load balancing strategy based on an inter-frequency relocation of UEs in connected mode, aiming at redistribution of the UE population, rather than the individual UE since behaviour of a single UE is statistically not significant enough and may destabilize the strategy. An important advantage of balancing load in connected mode is that the eNB can take into consideration QoS, UE resource situation and measurements, so that UEs which are relocated are not negatively impacted. When the load is unevenly distributed between overlaid cells, a small number of inter-frequency handovers moderate the RRC release intensities. For each RRC cycle (typical time in connected mode), these moderations integrate and gradually relocate part of the UE population between cells; thereby indirectly controlling the traffic load presented to each cell.
2.2 Idle mode UE distribution

A UE in idle mode may be confined to the carrier frequency of the current serving cell. It is suitable in a network deployment where good coverage can be expected across large areas on two or more carrier frequencies. It would be beneficial to include cell reselection priorities of carrier frequencies in the System Information Broadcast (SIB) in each cell. In such configuration, the cell reselection priorities of the serving carrier frequency can be set higher than the priorities of the other carrier frequencies used in the network.
The Reference Signal Received Power (RSRP) of the target cell must exceed a threshold defined for that frequency for a UE to reselect a cell on a carrier frequency with lower cell reselection priority. This can be moderated by using variable threshold settings since applying “absolute priorities” may cause major swings. If the UE is relocated to a new frequency, the priority settings are not the same. One can also consider attracting the UEs in idle mode to a particular carrier frequency. It is suitable in a network deployment where the cells on one (or more) carrier frequencies are small and do not provide continuous coverage. Using the idle mode mobility to bias the UE population towards this priority carrier may then be a useful complement. It may be beneficial, in particular, if the priority carrier cells only cover a small part of the UEs on the other carrier frequencies.

2.3 Cell-specific prioritization at reselection
Cell specific prioritization [3] can increase the likelihood of a UE to be associated with the small cell when it is time to connect. This functionality may also reduce the need to perform inter-frequency measurements when in connected mode. The proposed mechanism includes an option in the system information to provide a separate (typically higher) priority value that applies to specific cells on the particular frequency in addition to the existing cell reselection priority associated with the frequency. The UE should then perform inter-frequency measurements in idle mode on this frequency, assuming the maximum cell reselection priority (regular or cell specific). When the highest ranked cell on this frequency is one of the specific cells, cell reselection priority is applied according to the separate priority associated with those; otherwise, the regular (legacy) cell reselection priority is applied.
The prioritization can be provided to the UE with the broadcast of system information, i.e. SIB5, and/or RRCConnectionRelease message. The UE in idle mode is supposed to follow this prioritization when performing measurements for cell (re)selection. Note that measurements on higher prioritized frequencies/RATs are always performed, yet measurements on lower priority frequencies/RATs are only performed when the current serving cell’s signal level is less than a defined threshold, i.e. SNonIntraSearch (s-NonIntraSearch).
2.3.1 Scenarios

In Figure 1, cells 1 and 2 are macro cells on different frequency layers with moderate to high load. Cell 3 is a pico cell that is located on the same frequency with cell 2 to add capacity in its coverage area. f1 and f2 are called “source” and “target” frequencies respectively since we would like to focus on the scenario where UEs camping on cell 1 detect and associate with cell 3, within its coverage.

The capacity of a pico cell may not be fully utilized since UEs that are within its coverage area do not camp on this cell to offload macro cells 1 and 2 as much as possible.
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Figure 1: Example scenario
Observation 1 The capacity of a pico cell may not be fully utilized since UEs that are within its coverage area do not camp on this cell to offload macro cells 1 and 2 as much as possible.
Connected mode load balancing can be applied between macro cells 1 and 2 to distribute the UEs evenly between those cells. The idle mode cell reselection can be configured to preserve the UE distribution that can be achieved via load balancing in connected mode. This reduces the need for recurring load balancing actions when UEs reconnect. In connected mode, UEs in cell 1 can be relocated to cell 3 when in coverage via inter-frequency mobility. However, since cell 3 has a relatively small coverage area, several inter-frequency measurements are needed in cell 1 to identify UEs suitable for relocation within the coverage of cell 3. The cost of moving UEs from cell 1 to cell 3 is higher than moving UEs from cell 2 to cell 3, i.e. inter-frequency measurements in connected mode are usually more frequent and they cause measurement gaps. 
Frequency-specific priority based approach would not work for the scenario above, since this would require not only relocating UEs in cell 1 that are within the coverage of cell 3, but also UEs in cell 1 that are not within the coverage of cell 3. In the latter case, the UEs are relocated to cell 2 (on the same frequency layer with cell 3) which is not the intended behaviour due to the moderate to high load in cell 2. Such a scenario may occur in different network deployments such as:

· Heterogeneous network deployment with a mix of macro and micro/pico cells on the same frequency layer as shown in Figure 1.

· Migration phase when replacing macro cells on a frequency layer with smaller cells.

An alternative strategy would be UEs autonomously performing cell reselection to cell 3 in idle mode when the coverage becomes good enough. In that case, it would be better to prioritize the pico/micro cells over macro cells that are on the same frequency to utilize their capacity in a more efficient way.
Observation 2 Pico/micro cells can be prioritized over macro cells (or other pico/micro cells) that are on the same frequency to utilize their capacity in a more efficient way when relocating UEs from one frequency layer to another that is on the same layer with the pico/micro cell.
2.3.2 How does it work?
Cell-specific prioritization can minimize the negative impact on load balancing between cell 1 and cell 2, and improve the utilization of the capacity available in cell 3. Cell specific reselection priority can be provided to the UE via system information broadcast and/or RRCConnectionRelease message. Table 1 shows a sample configuration of Cell Reselection Priority (CRP) that can be broadcasted for the scenario above. This configuration implies that the carrier frequency of the current serving cell has a higher priority than other frequencies in the idle mode. Therefore the UEs continue to camp on where they are located and perform no measurements on the lower priority frequencies until the signal level of the serving cell is less than a defined threshold (i.e. threshServingLow in TS 36.304 [5]).
Table 1: Cell Reselection Priority (legacy)
	
	CRP broadcasted in cell1 (f1)
	CRP broadcasted in cell2 (f2)
	CRP broadcasted in cell3 (f2)

	Frequency 1 (f1)
	Prio 5
	Prio 4
	Prio 4

	Frequency 2 (f2)
	Prio 4 
	Prio 5
	Prio 5


Table 2 shows an improved configuration by considering the proposed cell specific reselection priority. With this configuration, UEs camped on cell 1 (f1) shall measure f2 to search for cell 3, since it is configured with a higher priority than the serving cell. If cell 3 is found and it satisfies the cell reselection criteria, the UE shall reselect that cell if Srxlev (corresponding to cell 3) > ThreshX,HighP (as specified in in TS 36.304 [5])
Table 2: Cell Reselection Priority (proposed setting)
	
	CRP broadcasted in cell1 (f1)
	CRP broadcasted in cell2 (f2)
	CRP broadcasted in cell3 (f2)

	Frequency 1 (f1)
	Prio 5
	Prio 4
	Prio 4

	Frequency 2 (f2)
	Prio 4 + (Cell 3: Prio 6)
	Prio 5
	Prio 5


With the configuration given in Table 2, cell 3 (f2) is able to attract UEs in idle mode, which are camped on cell 1 (f1). In particular, UEs which are stationary within the coverage of cell 3 or slowly roaming within the coverage of cell 3, are highly likely to be relocated. The connected mode load balancing between cell 1 and cell 2 can compensate, if needed, for the impact the arrangement may have on the load balance between cell 1 and cell 2, i.e. relocating UEs from cell 2 to cell 1 to compensate for UE that are camped in cell 3. Hence, the arrangement typically provides an offload from both cells 1 and 2 into cell 3.

Proposal 1
RAN2 to specify cell-specific prioritization as a technique to improve idle mode load balancing.


The SIB5 IE, which includes neighbouring cell related information relevant for inter-frequency cell re-selection, can be updated to include a new parameter to specify the proposed mechanism. There are two alternatives to update this IE: In the first alternative (Alt. 1), cell specific priority information is added as a parameter in an extension of the interFreqNeighCellList. A new field, i.e. interFreqNeighCellList-v12x0, is introduced to provide a parallel list to the original interFreqNeighCellList where the cell specific priority information is added as an optional element in the cellSpecificReselectionPriority field. If present, it applies to the neighbouring cell in the corresponding element of the original interFreqNeighCellList.

In the second alternative (Alt. 2) a separate cellSpecificReselPrioList-r12 field is introduced. It provides a single cell specific priority value and a list of PCI ranges identifying the set of neighbouring cells for which the cell specific priority value applies. It does not rely on the original interFreqNeighCellList, which is often not needed when prioritized inter-frequency cell reselection applies, and it allows the use of PCI ranges to define the set of neighbouring cells. The latter alternative can be quite efficient, if the network operator sets aside a range of PCI values for small cell deployment.
The new information should be also added to the RRCConnectionRelease message. In both alternatives, an extension of the freqPriorityListEUTRA field is provided in a new freqPriorityListEUTRA-v12x0 field. It is a parallel list that provides new optional information to each of the corresponding frequency entries in the original freqPriorityListEUTRA field. In the first alternative (Alt. 1), the new optional information is an interFreqCellPriorityList-r12 field, which is used in the same way as the interFreqCellPriorityList field and its (Alt. 1) proposed extension in SIB5, except that in the RRCConnectionRelease message there is no interFreqCellPriorityList field. Therefore, interFreqCellPriorityList-r12 field needs to be added and the q-OffsetCell field in SIB5 is not included in the proposed extension of the RRCConnectionRelease message.

In the second alternative (Alt. 2), the new optional information in the freqPriorityListEUTRA-v12x0 field is reusing the same encoding of the cellSpecificReselPrioList-r12 field as proposed in Alt. 2 in SIB5. The TS 36.331 CRs for both alternatives described above are provided in [6] and [7] respectively.

2.3.3 Why not use cell-specific offset instead?
As explained in TS 36.304 [5], q-OffsetCell is used in cell reselection when ranking the cells on intra-frequency or “equal priority” inter-frequency. The question is whether this offset can be applied to achieve the desired behavior explained above (i.e. UEs that are within the coverage area of cell 3 camp on this cell). In order to achieve that, cell 1 should broadcast the same idle mode priority level for both frequencies f1 and f2 and specify cell specific offset for cells 2 and 3 in a way that cell 3 should be chosen first (as shown in the example given below):

Table 3: Cell-specific offset for load balancing
	
	CRP broadcasted in cell1 (f1)
	CRP broadcasted in cell2 (f2)
	CRP broadcasted in cell3 (f2)

	Frequency 1 (f1)
	Prio 5
	Prio 4
	Prio 4

	Frequency 2 (f2)
	Prio 5
q-OffsetCell2 (e.g.:+10)          q-OffsetCell3 (e.g.:-10)
	Prio 5
	Prio 5


However there are some drawbacks with this configuration:
· When a large negative offset is set for cell 3, there is a risk that the cell is prioritized over cell 1 even in areas that are out of good enough coverage of cell 3. That means a UE would need to trigger another reselection either to cell 1 or cell 2 (depending on the configuration) after it reselects to cell 3. Both options would then be in contrast with the desired behavior.

· Applying a large positive offset for cell 2 may prohibit cell reselection to that cell even when the UE in cell 1 experiences poor coverage.

Observation 3 Cell-specific offset cannot provide the desired behaviour if pico/micro cells need to be prioritized over macro cells that are on the same frequency when relocating UEs from one frequency layer to another that is on the same layer with the pico/micro cell.
3 Conclusion

In this document, we discuss cell-specific prioritization as a strategy for idle mode load balancing and provide some use cases to show how load balancing can be achieved with such a mechanism. In section 2 we made the following observations:

Observation 1
The capacity of a pico cell may not be fully utilized since UEs that are within its coverage area do not camp on this cell to offload macro cells 1 and 2 as much as possible.
Observation 2
Pico/micro cells can be prioritized over macro cells (or other pico/micro cells) that are on the same frequency to utilize their capacity in a more efficient way when relocating UEs from one frequency layer to another that is on the same layer with the pico/micro cell.
Observation 3
Cell-specific offset cannot provide the desired behaviour if pico/micro cells need to be prioritized over macro cells that are on the same frequency when relocating UEs from one frequency layer to another that is on the same layer with the pico/micro cell.


Based on the discussion in section 2 we propose the following:
Proposal 1
RAN2 to specify cell-specific prioritization as a technique to improve idle mode load balancing.
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