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1. Introduction
During RAN#67 meeting, the WI “Multicarrier Load Distribution of UEs in LTE” [1] was agreed, which included the following objectives:
	The WI should first have a study phase to look at:

· Limitations of the current mechanisms and measurement quantities for redistribution of UEs amongst multiple LTE carriers. 

Based on the analysis of the study phase, the WI should provide scheme(s) for:

· To redistribute RRC Idle UEs amongst LTE carriers that minimize the need for load triggered HO or redirection of UE during connected mode 

· Carriers with different cell load, bandwidth and capabilities should be considered.

· Both homogeneous and heterogeneous deployment scenarios should be considered
· New measurement quantities, e.g. SINR, for better estimation of user throughput should be evaluated and introduced, if needed

The schemes should not adversely impact UE power consumption and should avoid increasing ping-pongs for high speed UEs between carriers.
Work plan for Q2/2015: 

RAN2#89bis and RAN2#90 meeting:

Study the limitations of the current mechanisms and measurement quantities, for redistribution of UEs amongst multiple LTE carriers

Provide input to RAN1/4 on the new measurement quantity.


In this paper, we will analyze the UE distribution requirement and try to point out the limitations of the current mechanisms for redistribution of UEs among multiple LTE carriers.
2. UE distribution requirement
Load banlance can be achieved in RRC-CONNECTED state by HO or redirection at the cost of signaling overhead and potential degradation of performance e.g. UP interruption. One important purpose of distributing UE in IDLE state is to save such efforts in RRC-CONNECTED. That means serving cell should be aligned between IDLE state and RRC-CONNECTED state as much as possible.
Requirement 1: serving cell of UE should be aligned between IDLE state and RRC-CONNECTED state as much as possible
For macro cell normally operator requires UEs to distribute among cells evenly. If there are two macro cells then typical requirement is that the distribution ratio is 50:50 between these two macro cells. However it is not always the case. Assuming the bandwidth of one cell is 20MHz while another cell is 10MHz, then operator may want roughly 1/3 of the UEs camp on cell of 10MHz and the rest 2/3 camp on another cell with 20MHz. Another example is related to band capability. Assuming one operator deploy band X in the field and the legacy UE can only support band X. Later on the operator deploy band Y in the field and new UE supporting band both X and Y come to the market step by step. In the early stage operator want majority of the new UE camp on cells of band Y considering legacy UE can only camp on cells of band X. But later on when more and more new UE come to the market, the biased distributionof the new UE fades aways with the drop of  the ratio of the legacy UE on the market.
Requirement 2:For homogeneous network, UE is typically required to distribute among carriers. And the distribution ratio among carrier should be flexible.
For heterogeneous network since micro layer is used to offload traffic from macro cell it is clear that UE should camp on micro cell as much as possible as long as the cell is suitable for camping. However it is also desirable that micro cell should not be congested with cells e.g. in some hotspot otherwise other means like access control has to be turned on. So in scenario like hospot it is required that part of the UEs under the coverage of both micro cell and macro cell can also camp on macro. Due to the limited capacity of the micro cell, it is desirable that the detail distribution ratio is also flexible.
Requirement 3: For heterogeneous network, UE is required to camp on micro cell before it is congested. 
The cell load in IDLE state is changing from time to time and could be also different from cell to cell. It would be desirable that cell load could be adjusted per cell instead of per frequency. Such kind of flexibility could be much more useful especially for heterogeneous network because cell load of small cells can change very quickly. When some small cells are overloaded it is likely other small cells in the same frequency layer have only few UEs, or when macro is overloaded it is likely small cells in the same frequency layer have only few UEs. In this case dependent adjustment parameter and/or policy is not helpful.
Requirement 4: it would be desirable to be able to adjust cell load per cell instead of per frequency.
Another dimension to be considered is the match between the UE’s capability and network’s capability. One example is UE supporting dual connectivity. Those UEs would prefer to camp on macro cell even it is also covered by micro cell otherwise the UE can be configured with dual connectivity after one handover from micro cell to macro cell since normally one macro cell is configured as PCell.  Same principle could be applied for carrier aggregation i.e. UE would prefer to camp on macro cell since normally Pcell is a macro cell.  In hetnet scenario if partial UEs are required to camp on macro cell and the micro cell is updated to support more advanced features like 256QAM, then it would be desirable that legacy UE not supporting this feature can camp on macro cell and let new UE support 256QAM can camp on micro cell.
Requirement 5: the match between UE’s capability and network’s capabilty should be also taken into account for UE distribution.
3. Analysis of the current reselection scheme
There are basically 2 kinds of schemes for UE distribution based on:
1, priority based scheme (broadcast and dedicated)
2, Qoffset based scheme (frequency and cell specific)
3.1 priority based scheme
There are two frequency layers in Figure 1 where f1 is of low frequency band and configured with lower broadcast priority than f2. According to current priority based scheme, UE will not reselect from f1 to f2 unless it crosses line “a” while UE will not reselect from f2 to f1 unless it crosses line “b”.

[image: image1.emf]Rx level

ThreshServingLow

ThreshX,High

ThreshX,low

f1

f2

a b


Figure 1 priority based scheme
One clear message from Figure1 is the distribution of UEs is closely linked to the UE’s location. The UE distribution between these two cells can work assuming UE is located within the coverage quite randomly in geography. If there is some hotspot within the coverage then UE’s distribution will be either sensible or not sensible to the parameters in the Figure 1. Both scenarios are depicted in Figure2.
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Figure 2 hotspot
Even UE can distribute between two cells by assuming random drop of UE within coverage, still these is mismatch between IDLE state and CONNECTED state in terms of serving cell. Assuming the distribution ratio between f1 layer and f2 layer is 60:40 and a set of parameters are configured in such way that roughly the distribution ratio is achieved. For UEs camping on f2, when they enter RRC_CONNECTED state, part of them have to handoff to f1 otherwise only cell edge of f1 will be used. Since f1 has better radio coverage than f2, actually it is assumed around 40% of the UEs will handoff to f1 layer. And for those UEs which originally camp on cell edge of f1 layer, 20% UEs i.e. half of the UEs will also handoff to f2 layer otherwise the distribution ratio between f1 layer and f2 layer will not be 60:40 in total.
Observation1: for priority based scheme, UE’s distribution is sensible to the UE’s location
Observation2: for priority based scheme, even UEs distribute among cells as planned, still there is mismatch between IDLE state and CONNECTED in terms of serving cell
The key parameter of the priority based scheme is of course the priority configuration. Parameter cellReselectionPriority is either broadcast in SIB3 or SIB5. This parameter is normally aligned between frequency layer for one specific frequency otherwise there will ping-pong cell reselection. Table 1 is one example of priority configuration for Figure 4 scenario:
	SIB
	Cell1
	Cell2
	Cell3

	SIB3
	F1->3
	F2->4
	F2->4

	SIB5
	F2->4
	F1->3
	F1->3


Table 1
If it is changed according to following table 2, then there will ping-pong cell reselection between cell1 and cell2/cell3:
	SIB
	Cell1
	Cell2
	Cell3

	SIB3
	F1->3
	F2->2
	F2->1

	SIB5
	F2->4
	F1->3
	F1->3


Table 2
The reason is quite obvious that UE always thinks serving cell is of lower priority so that it keeps reselect to neighbouring cell. This is true for broadcast priority. For dedicated priority these is no such configuration issue because dedicated priority is assigned via one dedicated RRC message. However it is also true that a dedicated priority is valid for whole frequency layer i.e. not per cell. This will result in quite less flexibility. In Figure4 it is assumed that cell2 is overloaded while cell3 is not. If some of the UEs within cell2 are configured with lower priority for f2, then these UEs will also not camp on cell3 when they move into cell3’s coverage.
In some cases small cell can’t work so well due to the fact that priority can only be set per frequency layer. One example is illustrated in Figure 3:
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Figure 3
In Figure 3, cell2 and cell3 cover almost the same area. F2 is configured with higher priority to offload traffic from micro cell1. Since cell2 is f1 i.e. same priority as cell1 it is of lower priority compared to cell3. So when UE under the coverage of both cell2 and cell3 will mainly camp on cell3. That means small cell2 can’t work so well to offload traffic from macro cell1.
Observation3: both broadcast priority and dedicated priority can be adjusted only per frequency but not per cell 
Similar issue occurs also to other cell reselection parameters. In Figure 4 the parameter ThreshServingLow is in serving cell’s SIB3 and it can be configured per cell while other two parameters i.e. ThreshXHigh and ThreshXLow is broadcast in SIB5 and can only be configured per frequency. That would mean once ThreshXHigh and ThreshXLow are adjusted for one specific cell they actually impact all the cells in the same frequency layer. This is especially not convenient for heterogeneous scenario as illustrated in Figure 4:
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Figure 4 lack of flexibility
In Figure 4 assuming f2 is of higher priority than f1. Cell2 is overloaded while cell3 is in normal load. In this case ideally parameters of cell2 can be adjusted in such way that some of the UEs can reselect back to cell1. The parameter ThreshServingLow can of course be configured with bit higher value. However this threshold cannot be too close to other parameters otherwise the reselection “buffer” area will shrink and result in quite more measurement and cell reselection. So potentially other two parameters will be configured higher along with parameter ThreshServingLow . As pointed out previously these two parameters are shared among cells in the same frequency layer. There will be also less UE camp on cell3 because of higher ThreshXHigh which is not desirable.
Observation4: Parameters ThreshServingLow can’t be adjusted purely independently among cells in the same frequency layer while ThreshXHigh and ThreshXLow can be adjusted only per frequency layer but not per cell.
The broadcast parameters are valid for all UEs without dedicated priority.  That would result in kind of group effect. Assuming a group of UEs are moving the similar direction then they would affect the cell load in quite short time as depicted in Figure 5:
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Figure 5 group effect
Observation 5: broadcast priority result in group effect which will affect cell load in short time
One way to redistribute UE is to use dedicated priority because once it is configured and valid, broadcast priority will be overlaid by dedicated priority. For example in Figure 5, ideally if part of the UE can take f1 as higher priority against f2, then these UE will eventually camp on f1. However it is not an efficient way to do it.
First of all, dedicated priority is original introduced for high level mobility purpose. It is reflected by the SPID over S1 interface and mainly depends on the UE’s subscription information. eNB will assign the dedicated priority once these UEs go back from CONNECTED state to IDLE and can only know which TA(s) they are. So for one specific cell it is not so easy to predict how much percentage of the UEs are allocated dedicated priority and what is the detail configured dedicated priority.
Secondary, dedicated priority is configured via RRCConnectionRelease message and valid for limited time up to 3 hours.  Once the valid time elapses, these UEs will still follow broadcast priority. If network still want to let them to keep same priority or want to change the previous dedicated priority before the time elapses, network need page these UEs to establish RRC connection or wait them to initiate RRC connection for other purpose.
Another point is that UE configured with dedicated priority will still follow other broadcast parameters and dedicated priority itself can only be adjusted per frequency layer as pointed previously. So observation 1~4 are also applied to dedicated priority.
Observation 6: dedicated priority is not such efficient way to redistribute UEs due to the fact that it is difficult to predict these UEs’ serving cell and it can be updated only via dedicated signalling which result in more signalling overhead and battery consumption. .
3.2 Qoffset based scheme 
When two frequencies are configured with same priority then Qoffset based scheme will apply. Figure 6 illustrates the basic rule for Qoffset based scheme. UE will rank all the cells fulfil cell selection criteria S and will reselect to the cell with highest cell reselection criteria R value. By adjusting parameter Qoffset, the “virtual” coverage of cell2 can be changed. Because the S and R value is closely linked to the UE location, it is easy to understand that observation1 and observation2 are also applied to Qffset based scheme.
Observation 7: observation1 and observatoin2 are applied to Qoffset based scheme.
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Figure 6
In SIB5 except for frequency specific Qoffset, there is another cell specific Qoffset. This cell specific Qoffset helps to adjust the cell load in IDLE per cell.
Observation 8: Qoffset based scheme can adjust cell load per cell
But still the group effect exists also for Qoffset based scheme. The difference is the “virtual” coverage limited by both criteria S and criteria R could be configured per cell. It is illustrated in Figure 7:
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Figure 7 group effect for Qoffset based scheme
Observation 9: group effect also exists for Qoffset based scheme
4. Conclusion
Currently there are mainly two schemes to redistribute UE between frequency layers and cells i.e. priority based scheme and Qoffset based scheme. Both schemes can redistribute UEs by assuming UE is located randomly in geograph among frequency layers or cells. Otherwise both schemes can’t work so well. Even UEs are located randomly in geography still there is mismatch between IDLE distribution and CONNETED distribution due to the fact that UE’s decision relies on UE’s location. Furthermore cell reselection parameters are either broadcasted in SIB3 or SIB5 i.e. all the UEs will follow these parameters except for dedicated priority. Because of this groups effect exists for both scheme which will affect the cell load in very short time. 
In addition both schemes haven’t considered anything related to the match between UE’s capability and network’s capability. That’s why both schemes can’t meet the requirement 5 listed in section2.
For priority based scheme, dedicated priority sounds like one way to redistribute UE in opposite way again broadcast priority. But in fact it doesn’t due to the fact that it is original used for high level mobility and difficult to maintain. The key parameters including priority, ThreshServingLow, ThreshXHigh and ThreshXLow can most likely be adjusted per frequency but not per cell. The lack of flexibility can’t meet the operators’ requirement especially for heterogeneous network where small cell’s load varied from place to place and from time to time. However Qoffset based scheme can do it per cell.
Based on above analysis it is proposed that:
Proposal: Both priority based scheme and Qoffset based scheme should be enhanced to meet operator requirements listed in section 2
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