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1. Introduction
In RAN2#90, RAN2 agreed the direction of solution for the multi-carrier load re-distribution [1]; 
	Agreements
1
Following Requirements can’t be met by existing cell reselection scheme:


1) It should be possible under network control to re-distribute among the different carriers a fraction of users currently camped on these carriers


4) It should be possible to control the load distribution among individual cells rather than only on a carrier level (for example the scenario that the macro cell in a co-channel Het-Net deployment and/or certain small cells on another carrier may be overloaded) 

2
Solution should be able to move fraction of the UEs from one cell to another cell

3
To  focus on solutions using e.g. per-cell parameter and/or reselection probabilities from RAN2#91 meeting



In this contribution, the two mechanisms are identified for the multi-carrier load distribution, i.e., the continuous distribution and the one-shot re-distribution, and the solutions with per-cell parameter and/or reselection probabilities are considered. 
2. Discussion
2.1. Pre-conditions and post-conditions 
Before considering the solutions, it’s worth revisiting why the idle UEs may be distributed non-uniformly among multiple carriers today. Fig. 1 illustrates three possible pre-conditions, i.e., (a) to (c), and a post-condition, i.e., (d), assuming four frequency layers for the purpose of coverage and capacity. F1 is the lowest frequency (e.g., 800MHz, thus it has larger coverage) and F4 is the highest frequency (e.g., 3.5GHz, thus it has smaller coverage), wherein it’s noted in Fig. 1 that the condition (b) has reverse order compared to the other conditions. In the condition (a) and (b) each frequency layer has different cellReselectionPriority [2], while the condition (c) intends equal priority among all frequencies. 
The condition (a) may be considered as a typical priority configuration, whereby the small cell layers on higher frequencies are prioritized for reselection to achieve capacity enhancements. The UEs are camped on F4 or F2 as long as the S-criteria of the cell is fulfilled, since the current specification forces the UE to perform the inter-frequency measurements and cell reselection to a cell configured with higher priority frequency than the frequency of the serving cell, regardless of Squal/Srxlev of the serving cell [3]. 
The condition (b) may be considered as a coverage-prioritized configuration e.g., in Dual Connectivity capable network. This results in a worse condition than condition (a), since all UEs are camped on F1. 
It should be noted that the cellReselectionPriority may cause load imbalance of idle UEs beyond just two frequency layers, i.e., imbalance between F1 and F2, or between F3 and F4 in Fig. 1. Although the current mechanism allows configuring different ThreshX, HighQ/ThreshX, HighP for each frequency priority, it cannot resolve the distribution issue since a change of these parameters cause mass reselection [4]

 REF _Ref421906658 \w \h 
[5] and the agreement 2 “Solution should be able to move fraction of the UEs from one cell to another cell [1]” above cannot be met. Even if the cell specific priority is provided in Rel-13 [6], the prioritized cell may experience higher load due to the mass reselection (also known as “surge of UEs” or “closely located UEs problem”) [9]
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[14] assuming the cells offers the same capacity (e.g., the same bandwidth), although the solution may work well in a specific scenario, e.g., the reselection to small cells on co-channel HetNet layer [9]
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[10]. 
Observation 1 The cell reselection prioritization itself may cause load imbalance among multiple frequencies, regardless of whether it’s on a frequency layer or a cell layer. 
Condition (c) configures all frequency layers with the same priority, i.e., equal priority inter-frequency case. With equal priority inter-frequency reselection, cell ranking is performed using the R-criteria and the UE should select a cell with the best RSRP, taking into account of the Qoffset to compensate for different pathloss due to different frequencies [3]. As in the case for conditions (a) and (b), the current mechanism also cannot meet the agreement that Solution should be able to move fraction of the UEs from one cell to another cell [1]. However, the current cell ranking mechanism is useful in solving the issue “Maximize user throughput and network capacity (in terms of system throughput, connection establishment, RA, (inter-frequency) mobility related signalling) for UEs in CONNECTED [7]”, since the UE can reselect the cell that offers the best radio condition, although it only relies on RSRP. 
Observation 2 The equal frequency priority with cell ranking has a potential to maximize user throughput and network capacity. 
The condition (d) is an example of a desirable post-condition, wherein the UEs are camped on each frequency/cell uniformly and all cells are not heavy-loaded. The post-condition in (d) is consistent with the agreement above that a Solution should be able to move fraction of the UEs from one cell to another cell which may be using e.g. per-cell parameter and/or reselection probabilities. 
[image: image1.emf](a) Pre-condition with capacity-prioritized configuration
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Fig. 1
Pre-conditions and post-condition as an one-shot event [5]
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[10]. 
The most significant benefit of the enhanced continuous distribution mechanism such as CSP is to allow the cells to remain lightly-loaded, i.e., the network’s UE distribution may be maintained and used to prevent the pre-conditions (a)~(c) in Fig. 1 from occurring. On the other hand, one of the main drawbacks with the enhanced continuous distribution is the impact to the power consumption of IDLE UEs even though the network does not suffer from any over-load conditions, as suggested in [5]. If further solutions such as the cell-specific priority with probability and/or with random threshold offset [8]
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[9] are introduced, the UE power consumption may be substantially increased. Additionally, operators may face challenges to modify their existing network reselection strategy even if the operator does not suffer from the necessity redistribute idle UEs. 
Observation 3 The enhanced continuous distribution mechanism is expected to have more impacts on the UE power consumption and the configurations of the existing network deployments. 
In light of Observation 3 if an enhanced continuous distribution is introduced to fulfil the agreement that 4) It should be possible to control the load distribution among individual cells rather than only on a carrier level (for example the scenario that the macro cell in a co-channel Het-Net deployment and/or certain small cells on another carrier may be overloaded) [1], it should not require drastic changes to network deployment, but simply aim to provide more flexibilities based on the existing mechanism.. 
Proposal 1 The existing reselection mechanism or with small enhancement of the existing reselection mechanism may work well, other than some heavily loaded network deployment scenarios. 
Even if the enhanced continuous distribution could statistically maintain the network under light load, the traffic demands, which is correlated with the density of IDLE UEs in an area, could vary significantly e.g., at sports events, during commuting hours, within a shopping mall in weekends or under emergency conditions. In such a heavy-loaded condition, there should be a means for the network to return to a more balanced loaded condition as soon as possible, by means of a one-shot re-distribution mechanism. Once the one-shot re-distribution mechanism allows the network to return to a normal load condition, the enhanced continuous distribution may be activated again to maintain the network under the balanced load condition.
Observation 4 The one-shot re-distribution mechanism may be useful under heavily loaded network due to sudden surge in traffic demand. 
Since the one-shot re-distribution mechanisms is mainly used for cases of heavily loaded network due to sudden surge in traffic demand, it may be applied independently of the existing mechanisms and thus it will not conflict with the current network strategies. Furthermore, the impacts on UE power consumption would be reduced since the power-consumed event is performed only once. The network may initiate the one-shot re-distribution when it experiences higher load in multiple cells/frequencies, i.e., the preconditions (a)~(c) in Fig. 1. In addition, the word “re-distribute” within agreement 1) above is consistent with the need for a one-shot re-distribution mechanism, since the continuous distribution or enhanced continuous distribution should not be depicted by as a means to “re-distribute” the UEs. 
Proposal 2 RAN2 should consider the one-shot re-distribution mechanism as an independent mechanism from the continuous distribution or the enhanced continuous distribution mechanism. 
2.2. Enhanced continuous distribution mechanism 
For the extreme case when the network is lightly loaded and there is only one UE camped on the macro cell, there is no reason for the UE to stay on the macro cell layer when a small cell fulfils a threshold for the UE. In this case, either the prioritization mechanisms, or the existing frequency priority or the additional cell-specific priority (CSP) [6], still works well. With the CSP which was already the baseline in [6]
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[8]
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[9], the network is offered more flexibility in its configuration with minimum impacts on the existing rules for the priority handling [3]. This is consistent with the approach for IncMon to Extend the number of cell reselection priorities to reduce number of reselections between equal priority carriers [1], from the configuration flexibility point of view. Therefore, the enhanced continuous distribution based on the existing cell reselection mechanism should only have an additional means to configure priorities on a cell basis with CSP, although it should be noted that it potentially has a drawback which may lead to load imbalance when the number of UEs increases, as suggested in Observation 1, in which case another solution may be needed, i.e., the one-shot re-distribution mechanism. 
Proposal 3 RAN2 should conclude for lightly/medium loaded network that no additional mechanism is necessary in the existing cell reselection mechanism, except for optional provisioning of the cell-specific priority and the already agreed extended reselection priorities. 
2.3. Benefit of one-shot re-distribution mechanism 
2.3.1. Trigger for re-distribution
The trigger for re-distribution, i.e., when the UE initiates/continues the (special) cell reselection procedure, may be based on one of the following options: 
· Option 1: When the network broadcasts parameters for the re-distribution; 

· Option 1-a: When the network provides the list of cell-specific priorities; 
· It’s assumed as the trigger for the cell-specific priority with randomization [9] as well as CSP itself [6]. The UE should continue the cell reselection procedure, including inter-frequency measurements, as long as the cell-specific priority provided is higher than the priority of serving cell, as it is today. 
· Option 1-b: When the network provides the list of cell-specific probabilities; 

· This option assumes the trigger for reselection is based on the cell-specific priority with probability (CSPP) [8]. The UE should generate a random value and perform the cell reselection procedure when the random value is over the cell-specific priority provided. 
· Option 1-c: When the network provides the maximum number of reselections; 

· This option assumes the counter-based scheme discussed in [11]. The UE should count the number of cell reselection performed and ignore the higher-prioritized cell when the count is over the maximum number broadcasted by the serving cell. 
· Option 1-d: When the network updates the parameters; 

· It’s assumed the trigger is implied by the updated parameters in SIB or the paging [10]. The UE should apply the updated parameters and perform the cell reselection procedure. 

· Option 2: When the network provides an explicit request; 

· This option assumes a pure trigger for re-distribution [5]. The UE applies the (special) parameters and perform the cell reselection procedure only once upon reception of the request. The request may require 1-bit signalling in either a SIB [5] or in the paging message as an application of [10]. The UE may only monitor the request since the parameter for the (special) cell reselection can be broadcasted in advance. 
· Option 3: When the serving cell configures dedicated parameters over RRC Connection Release; 

· This option is for the specific case the UE transitions from RRC Connected to Idle and the RRC Connection Release may have the additional cell-specific offsets [12], the extra grouping [5], and/or the existing dedicated priority [13]. 
Options 1-x are based on typical mechanisms for reselection control, but these have some drawbacks. With Options 1-x, the UE is forced to apply additional continuous inter-frequency measurements when the parameters are provided, e.g., if the cell prioritized by Option 1-a is not on the frequencies prioritized by the existing cellReselectionPriority. It results in additional UE power consumption and it should be avoided [5]. Also, it’s not crystal clear at which point in time the UE should re-calculate the probability as pointed out in RAN2#90 [1]. Additionally, Options 1-x may require the UE to monitor continuously to check whether the parameters are updated, or whether the network decides to initiate a (special) cell reselection procedure.  Option 2 is a simple solution for the one-shot re-distribution mechanism, although it does require 1-bit signalling to inform UE of the activation of this procedure.  Option 3 may also be an nice way if the solution only relies on dedicated signalling, but it cannot fulfil the requirement to Maximize user throughput and network capacity (in terms of system throughput, connection establishment, RA, (inter-frequency) mobility related signalling) for UEs in CONNECTED [7].  Therefore, Option 2 is the preferred solution for the trigger for re-distribution. 
Proposal 4 The one-shot re-distribution should be triggered by an explicit request indication broadcasted by the serving cell. 
Proposal 5 If Proposal 4 is agreeable, RAN2 should discuss whether the indication is provided in SIB or the paging. 
The detailed solutions for one-shot re-distribution mechanism are discussed in [15]. 
3. Conclusion 
In this paper, the pre-conditions and the post-conditions before/after application of the solutions are revisited. Furthermore, the assumptions for the continuous distribution and the one-shot re-distribution are suggested. The possible solutions for the continuous distribution mechanism and the one-shot re-distribution mechanism are categorized and evaluated.  RAN2 is kindly asked to take into account the observations/proposals below: 
Observation 1
The cell reselection prioritization itself may cause load imbalance among multiple frequencies, regardless of whether it’s on a frequency layer or a cell layer.
Observation 2
The equal frequency priority with cell ranking has a potential to maximize user throughput and network capacity.
Observation 3
The enhanced continuous distribution mechanism is expected to have more impacts on the UE power consumption and the configurations of the existing network deployments.
Proposal 1
The existing reselection mechanism or with small enhancement of the existing reselection mechanism may work well, other than some heavily loaded network deployment scenarios.
Observation 4
The one-shot re-distribution mechanism may be useful under heavily loaded network due to sudden surge in traffic demand.
Proposal 2
RAN2 should consider the one-shot re-distribution mechanism as an independent mechanism from the continuous distribution or the enhanced continuous distribution mechanism.
Proposal 3
RAN2 should conclude for lightly/medium loaded network that no additional mechanism is necessary in the existing cell reselection mechanism, except for optional provisioning of the cell-specific priority and the already agreed extended reselection priorities.
Proposal 4
The one-shot re-distribution should be triggered by an explicit request indication broadcasted by the serving cell.
Proposal 5
If Proposal 4 is agreeable, RAN2 should discuss whether the indication is provided in SIB or the paging.
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