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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



RAN2 further agreed to “Adopt cell specific priorities as baseline” in RAN2#91 [2], which could fulfil the requirement 4) above. However, the solutions to re-distribute a fraction of users, i.e., the requirement 1), could not be converged within the last meeting. 
In this contribution, a possible compromise solution for the requirement 1) is discussed. 
2. Discussion
2.1. Randomization mechanisms 

2.1.1. Current solutions 
To fulfil the requirement 4), especially to re-distribute a fraction of users, it’s considered that some sort of randomization mechanism would be useful since the existing priority itself cannot avoid the mass-reselection [3].  With regards to the randomization mechanisms, possible solutions have been already proposed, such as the randomized threshold offset [4], CSPP [5], CSPP with best-cell [6] and the ranking randomization [7]. They all share the commonality that the UE generates the random value to determine which UE should perform the enhanced cell reselection, thus all these mechanisms may be considered as UE-based mechanisms. The advantage of UE-based mechanisms would allow the Idle UEs to move to a different frequency according to a probability, all the time. One drawback may be that it’s unclear when the UE should stop the load re-distribution process, which may result in unstable probability due to multiple triggering of the reselection procedure [8]. 
Observation 1 UE-based mechanism, i.e., with random value, can re-distribute Idle UEs, while it may result in unstable probability due to multiple triggering of the reselection procedure. 

On the other hand, the solution using dedicated signalling is also proposed, which offers tighter network control, thus it could be considered as NW-based mechanism, although it may “be insufficient to address all Idle mode Load Balancing needs” [9]. 
Observation 2 NW-based mechanism, i.e., with dedicated signalling, ensures tighter network control, while it’s insufficient to re-distribute all Idle UEs. 
Based on the discussions in the previous meetings, RAN2 has four alternatives to move forward as follows; 

· Alt.1: Adopt only the UE-based solution. 
· Alt.2: Adopt only the NW-based solution. 
· Alt.3: Adopt both NW-based and UE-based solutions in Rel-13. 
· Alt.4: Consider an alternative solution consisting of benefits from both UE-based and NW-based solutions. 
With regards to Alt.1 and Alt.2, although both UE-based and NW-based mechanisms can potentially resolve the issues in requirement 4), each of the solutions have their benefits and drawbacks, as mentioned in Observation 1 and Observation 2, respectively. 
Regarding Alt.3, the different suboptimal solutions will be specified to resolve the one issue. It causes more standardization efforts and also brings more complexity from the UE and NW implementation point of view, which should be avoided as much as possible. 
With Alt.4, RAN2 is potentially able to converge to a single solution based on the ideas, issues and preferences discussed in prior meetings, with minimal specification impact 
Proposal 1 RAN2 should consider a compromise solution to re-distribute a fraction of UEs among different carrier under network control, to take advantage of the benefits of current solutions. 
2.1.2. Compromise solution: NW-based randomization of Idle UEs 
2.1.2.1. Randomization scheme 
The randomization scheme should fulfil the requirement “to re-distribute […] a fraction of users currently camped on these carriers”. As discussed in section 2.1.1, UE-based randomization relies on random value generated by the UE, which allows a fraction of Idle UEs to move to another frequency with a probability at any time. So, it’s worth considering whether NW-based approach can achieve similar effect. Considering many UEs are located in an area, it could be assumed that the IMSIs of UEs are also randomly distributed as illustrated in Fig. 1. It would be already seen as a random value. 
Observation 3 The IMSIs of UEs in an area are distributed randomly,. 
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Fig. 1
Randomly distributed IMSIs
Assuming IMSIs are sufficiently randomized in any given geographical area, NW-based approach could perform randomization by means of RRC signalling. The two possibilities may be considered as follows; 
· Option 1: NW-based randomization with paging occasions 
· It was suggested that paging message be used as a trigger for load re-distribution [3]

 REF _Ref428907497 \w \h 
[9]

 REF _Ref428973077 \w \h 
[10]. The paging message could be essentially the signalling towards specific/deterministic UEs, which are equal to “a fraction of users”. Since the paging frame/occasion of each UE is determined by IMSI [11], the eNB can control the probability that UEs move to another frequency, e.g., if the eNB pages at 1/10 occasions of all paging occasions in the default DRX cycle then 10% of UEs are triggered for load re-distribution. 
· It’s necessary to add an indication into the paging message to notify the UEs of the load re-distribution, but it would be with 1-bit. 

· Option 2: NW-based randomization with modulo calculation 
· It could be also possible to determine specific/deterministic UEs with modulo calculation of IMSI [7]. For example, the UE could perform the load re-distribution if “(IMSI mod Np) = Nr” is fulfilled, wherein Np and Nr are configured based on the expected probability and fairness among UEs. If Np and Nr are configured with 10 and 0 respectively, the probability of fulfilling the equation is 10%. 

· The parameters, i.e., Np and Nr in the example, may be provided in broadcast signalling. 
In comparison with the UE-based mechanisms, these options have the same advantage in terms of controlling Idle UEs and the use of random value and/or probability. The most significant benefit with the options is that it is no longer necessary consider when the UE should stop the load re-distribution process since the NW selects specific/deterministic set of UEs as a fraction of all UEs, whereby once the re-distribution is performed the UEs are no longer on the serving frequency. Although these NW-based options can be readily seen as applicable to a one-shot mechanism, they may also be extended to a continuous distribution mechanism as explained in section 2.1.2.3. 
Note that these options can work even if all UEs (all IMSIs) are not on a frequency/cell as normally assumed. 
Proposal 2 It’s beneficial for the network to select a fraction of users based on UE’s IMSI for load re-distribution to achieve randomization for targeted UEs. 
Comparing the options, the accuracy of control is similar but the signalling overhead and impacts on the existing specification would increase with Option 2. In addition, Option 2 may need SI Update to trigger the load re-distribution. So, Option 1 with the paging message is preferable. 
Proposal 3 When the UE receives an indication in the paging message, the UE should perform the load re-distribution process. 
2.1.2.2. Load re-distribution process 
The load re-distribution process should fulfil the requirement “to re-distribute among the different carriers”. The simplest way could be that the UE considers the current frequency as the lowest priority only when the load re-distribution is triggered. Since the lowest priority frequency is specified as “lower than the eight network configured values” [11], the UE shall move to the other frequency as long as there is a cell fulfilling the criteria, e.g., Squal > ThreshX, HighQ. It makes sense because it could be assumed the serving cell currently suffers from heavy load. 
Proposal 4 The UE should consider the current frequency to be the lowest priority frequency during the load re-distribution process after the trigger. 
It was also suggested that as a requirement [12], it’s also important to maximize user throughput when the UE transitions to Connected [4]

 REF _Ref428906643 \w \h 
[6]

 REF _Ref428906983 \w \h 
[7]

 REF _Ref428907497 \w \h 
[9]. But it could be solved by the continuous distribution, i.e., the existing cell reselection, without any enhancements in this WI. For example, after the UE moves to the second frequency due to the load re-distribution, the UE would reselect the third frequency when it detects the higher priority cell. Otherwise, if the priority of the third frequency layer is the same as the second frequency layer (the current serving frequency of the UE), the UE should perform equal priority inter-frequency reselection and select the best cell according to the R-criteria, same as it is today. So, it could be considered that the requirement to maximize user throughput is solved by the network deployment with the existing equal priority reselection. 
Proposal 5 It should be assumed that the network deployment could ensure better user throughput, after the load re-distribution. 
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Fig. 2
Simple example with Option 2 and combination approach with the existing mechanism 
2.1.2.3. One-shot mechanism and continuous distribution 
In RAN2#91, It was discussed whether the one-shot mechanism is beneficial, although it had been considered the enhancements in this WI was applicable continuously. The one-shot mechanism works well to normalize the network load when there is a sudden load increase by e.g., the start of an eMBMS session [10] or the some special hours such as a sports event [3]. However, as noted in [10] it may not be sufficient to have only the one-shot mechanism. Considering continuous mobility of idle UEs, the load imbalance cannot be avoided with only the existing cell reselection mechanism in some deployment scenarios, e.g., for the case when the UEs moving into the area always reselects a specific layer depending on RSRP, i.e., pathloss difference between two macro cell layers, even if the network offers the macro cell layers with equal priority. So, it’s worth considering whether the solution can be applicable to both the one-shot mechanism and the continuous distribution. 

The continuous distribution may still be necessary in some deployment scenarios. 
If the proposals in this paper are agreeable, the compromise solution can be applied not only for one-shot re-distribution but also for continuous distribution. If the eNB continuously triggers the load re-distribution in a paging occasion, it could be used for continuous distribution, i.e., a probability of UEs in an area (among all frequencies) are moved from the cell triggering the re-distribution. As discussed in section 2.1.2.1, the compromise solution can ensure stable probability even if the load re-distribution is triggered twice or more. So, if RAN2 aims a single solution for different scenarios, it should focus on the one-shot mechanism which can be also applicable to the continuous distribution. 
Proposal 6 RAN2 should aim for a single solution which offers the flexibility to be applicable to both the continuous distribution and the one-shot mechanism. 
3. Conclusion 
In this paper, the compromise solution is considered to have all benefits of current solutions and to minimize the drawbacks. The network-based randomization with UE’s IMSI is suggested to move a fraction of deterministic UEs to the other frequency and the probability control with the paging message is introduced. In addition, it is discussed that the combination approach with the existing equal priority cell reselection can maximize the user throughput, to avoid unnecessary enhancements.  RAN2 is kindly asked to take into account the observations/proposals below: 
Observation 1
UE-based mechanism, i.e., with random value, can re-distribute Idle UEs, while it may result in unstable probability due to multiple triggering of the reselection procedure.
Observation 2
NW-based mechanism, i.e., with dedicated signalling, ensures tighter network control, while it’s insufficient to re-distribute all Idle UEs.
Proposal 1
RAN2 should consider a compromise solution to re-distribute a fraction of UEs among different carrier under network control, to take advantage of the benefits of current solutions.
Observation 3
The IMSIs of UEs in an area are distributed randomly,.
Proposal 2
It’s beneficial for the network to select a fraction of users based on UE’s IMSI for load re-distribution to achieve randomization for targeted UEs.
Proposal 3
When the UE receives an indication in the paging message, the UE should perform the load re-distribution process.
Proposal 4
The UE should consider the current frequency to be the lowest priority frequency during the load re-distribution process after the trigger.
Proposal 5
It should be assumed that the network deployment could ensure better user throughput, after the load re-distribution.
Proposal 6
RAN2 should aim for a single solution which offers the flexibility to be applicable to both the continuous distribution and the one-shot mechanism.
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