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1. Introduction
RAN2#99 started the discussion on the access/load control of idle mode UEs in Even further enhanced MTC for LTE (eFeMTC) [1], but no agreement was reached on whether to introduce the CE-level (CEL)-based access class barring since its unfairness problem is observed [2]. 

In this contribution, the details of CEL-based access class barring and the load balancing mechanism are discussed. 
2. Discussion 
2.1. Assumptions 

2.1.1. Deployment scenario 
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Figure 1
 Deployment scenarios (Note: (c) and (d) may be considered as same model)
Before discussing solutions, it should be first identified the deployment scenario that needs the access/load control of idle mode UEs. The possible scenarios may be categorized in terms of intra-/inter-frequency and intra-/inter-cell/eNB, as shown in Figure 1. 
The scenario (a) of Figure 1 only considers a single cell in an area where the UE is located, while the other scenarios assume multiple cells are available for the UE.  The UE is located in the enhanced coverage (i.e., the red-dashed coverage) of the congested cell (i.e., the red coverage), since the cell is considered as the highest ranked cell.  It may be assumed in all the scenarios in Figure 1, i.e., (a) ~ (d), that the congested cell needs to increase the resource availability by means of the solution for access/load control of the idle UE in CE. 
Proposal 1 RAN2 should agree that a viable solution should increase the resource availability of the congested cell. 
2.1.2. Possibility of load balancing before access barring 
If Proposal 1 is agreeable, there could be a couple of options to solve the problem, the access barring of the congested cell and the load balancing with the unload cell, as intended in Figure 1. 
The CEL-based access class baring is considered a promising solution since it was given as an example in the WID [1]. It’s expected to mitigate an extremely overloaded condition, but the unfairness problem was pointed out in the last discussion [2]. The unfairness problem occurs when the UE, which is authorized by the NW, e.g., due to its subscription, cannot access the cell due while camped in CE mode while another UE with the same access class in normal coverage are allowed to initiate access. Considering that most MTC devices are stationary in nature, the problem becomes more serious and may cause customer dissatisfaction. 
Observation 1 CEL-based access class barring will be beneficial to avoid the extremely overloaded condition, but it may result in customer complaints due to the unfairness condition. 
Although the use of CEL-based access class barring is eventually up to NW implementation and/or operator’s deployment policy, the benefits and drawbacks of this feature must also be considered before it is introduced from the user’s perspectives. 
Proposal 2 RAN2 should discuss whether the CEL-based access class barring is really useful, from the perspectives of NW operation and user experience. 
On the other hand, RAN2 should also consider the using load balancing mechanisms for idle mode UEs which already contain various configurable parameters i.e., the absolute priority, the dedicated priority, the offsets and the redistribution procedure [3]. However, they were not introduced with the use case for UE in CE mode since they only follow the ranking procedure. 

Regardless of whether the CEL-based access class barring is introduced, RAN2 should at least consider if load balancing of idle mode UEs can provide sufficient control to reduce the burden on the network, before any access control is applied. 
Proposal 3 RAN2 should discuss the use of idle mode load balancing mechanisms, before jumping to the conclusion that access restriction is the only viable solution. 
2.2. Idle mode load balancing 
2.2.1. Cell/frequency-specific offsets 

The UE in normal coverage applies the ranking mechanism for intra-frequency and equal priority inter-frequency cell reselection. In addition, the UE in CE only follows the ranking mechanism regardless of whether intra-frequency or inter-frequency cell reselection [3]. The criterion R is defined as; 
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where Qoffset is equal to Qoffsets,n for intra-frequency and Qoffsets,n plus Qoffsetfrequency for inter-frequency.  

Qoffset, ranged between -24dB and +24dB [4], may be used for the network optimizations including the load balancing between cells and/or frequencies as a static control manner. 
Observation 2 The existing Qoffset may be used for static load balancing. 
However, the use case for improved access/load control on this WI is assumed to need dynamic control, since the example of solution in WID i.e., CEL-based access class barring [1], implies the access barring is applied temporarily. 

Proposal 4 RAN2 should agree that the solutions for improved access/load control are assumed to require dynamic control of idle mode UEs, i.e., applicable for a short term. 
The load balancing with Qoffset is not intended for such a dynamic control since the change of configuration may need to consider other configurations, e.g., the absolute priority for UEs in normal coverage, and also affect the neighbour cells’ system information. So, some enhancements will be necessary if the solution relies on Qoffset, e.g., proposed in [5]. 
Observation 3 Qoffset-based may need to be enhanced, if it’s a possible solution for the improved access/load control. 
2.2.2. Inter-frequency load redistribution 
The inter-frequency redistribution procedure was introduced in Rel-13 for load balancing in multi-carrier deployments [3]

 REF _Ref493807484 \w \h 
[4]. It redistributes the UEs to another frequency with a network-defined probability. The choice of UEs for redistribution is according to IMSI of UEs, so it ensures not perfect but relatively fairness of UEs.  The trigger is designed for two use cases, i.e., the continuous triggering and the one-shot triggering with Paging, so the inter-frequency redistribution procedure has native support of dynamic load control. 

Observation 4 The inter-frequency redistribution procedure is NW-controlled method with a good fairness of UEs and the dynamic load control of idle mode UEs. 
However, a couple of problems could be seen in this procedure; 

· Only applicable to inter-frequency redistribution; It could be assumed that the UE in CE only detects less number of other frequencies for redistribution, since the best-ranked cell for this UE still needs the enhanced coverage. 

· Using the highest-priority concept for the redistribution target cell/frequency; It means the current mechanism is applicable to only UEs in normal coverage, since the UE in CE disregards the priority and follows the ranking mechanism. 
Proposal 5 RAN2 should agree to enhance the inter-frequency redistribution procedure for the improved load control of idle mode UEs in CE. 
2.2.3. Other load balancing solutions 
The concept of RSRP based access probability is proposed in [6]. In our understanding, it defines the access probabilities that are somehow associated with each RSRP level. This solution appears to have the benefit of a unified solution not only load balancing but also for access barring, depending on NW configuration, so it seems be worth further investigation. However, it is not clear how beneficial this is for Rel-15 UEs compared to legacy UEs. 
Another possibility is for the eNB to broadcast an indication that tells the UE in CE to move to another cell if possible. It’s a kind of “cell barred”, but applicable only for CE region and maybe allowing the UE to stay in this cell if any other suitable cell is not found. 
2.3. CEL-based access class barring 
The detailed mechanisms of CEL-based access class barring were proposed in [7]~[11]. In our understanding, the common views and contradictions are seen, in terms of; 
· The barring parameters per CEL are provided in SIB; 

· FFS: Whether per AC, whether per PLMN or per cell, and whether through SIB2 or SIB14. 

· The modification of barring parameters is notified through Paging; 
· FFS: Whether with the existing eab-ParamModification or a new IE. 
On the other hand, there are two types of access control concepts in the current specification, i.e., “cell barred” and “cell access restriction” such as EAB or ACDC [3]. The major difference between the two types is whether the UE may reselect another cell (from the barred cell) or shall stay on this cell (i.e., the access-restricted cell). It’s not crystal clear which type of CEL-based access barring is preferable. 
Observation 5 It’s not yet clear whether the CEL-based access class barring is considered as a kind of cell barring or cell access restriction. 
It was pointed out in a contribution that access probability of Rel-15 UE should not be degraded compared to legacy UE [6].  With cell access restriction, the UE will not have an opportunity to initiate a connection, but if only a cell is barred, it may still be possible to make a connection through another cell. Therefore, CEL-based access barring should be based on cell barring. 
Proposal 6 If CEL-based access class barring is introduced, the UE should consider the cell as barred, i.e., a CEL of the cell is barred. 
2.3.1. UL interference when reselects to the second highest ranked cell 
Regardless of Proposal 3, further consideration of intra-frequency inter-cell interference is necessary, i.e., for the case (b) in Figure 1, since the load balancing implies that the UE may reselect the second highest cell. 

In general, it’s problematic if the UE connects with the second highest ranked cell, since the best ranked cell (on the same frequency) experiences excessive UL interference due to UE’s higher Tx power for longer distance connection (case (a) in Figure 2). Thus, the current specification has intraFreqReselection in SIB1 to indicate whether to allow the intra-frequency cell reselection when the best-ranked cell is barred [4]. It’s true for the normal coverage case. 

Observation 6 For normal coverage, it causes excessive UL interference if the UE reselects the second highest ranked cell. 
In case of enhanced coverage, however, the condition is a bit different since the coverage extension is realized by not much higher Tx power but repetition, i.e., the Tx power could be already saturated when the UE moves from normal coverage to enhanced coverage. 

It would be considered that the intention of access/load control for the UE in CE is to increase the resource availability for the UEs that are in normal coverage of the congested cell, whereby the UEs in normal coverage is always closer to the serving cell than the UEs in CE, as shown in (b) of Figure 2. In other words, the UE in CE obviously has larger pathloss. 

Assuming the UE was originally in CE of the best-ranked cell and now reselects the second highest ranked celI, it may appear to increase the UL interference to the best-ranked cell. However, in terms of the receiving signal strength at the best-ranked cell, UL interference from the aggressor UE (in the second highest ranked cell) may be smaller than the desired UL signal from an UE in its normal coverage, due to the reasons explained above, i.e., Tx power saturation and larger pathloss for a specific UL resource. The total interference power however may be larger due to repetitions.  In this sense, the UL interference is not a critical problem in the enhanced coverage, compared to the case of normal coverage. 

Observation 7 For some cases in enhanced coverage, the UL interference is not a critical problem even if the UE moves from the congested cell to the unloaded cell. 
Therefore, it should be considered that the UE in CE may reselect the second highest ranked cell, even if it’s an intra-frequency cell, when the best-ranked cell is congested. As a simple example, an additional intraFreqReselection (i.e., intraFreqReselection-CE) is introduced. 
Proposal 7 RAN2 should agree that the UE in CE is allowed to reselect the second highest ranked cell even if it’s an intra-frequency cell, when the best-ranked cell is congested. 
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Figure 2
 Different UL interference conditions between normal/enhanced coverages

3. Conclusion 
In this contribution, the assumptions and possible technologies for the improved access/load control are reviewed, and the directions of solution are suggested.  RAN2 is kindly asked to take into account the proposals below: 
Proposal 1
RAN2 should agree that a viable solution should increase the resource availability of the congested cell.
Observation 1
CEL-based access class barring will be beneficial to avoid the extremely overloaded condition, but it may result in customer complaints due to the unfairness condition.
Proposal 2
RAN2 should discuss whether the CEL-based access class barring is really useful, from the perspectives of NW operation and user experience.
Proposal 3
RAN2 should discuss the use of idle mode load balancing mechanisms, before jumping to the conclusion that access restriction is the only viable solution.
Observation 2
The existing Qoffset may be used for static load balancing.
Proposal 4
RAN2 should agree that the solutions for improved access/load control are assumed to require dynamic control of idle mode UEs, i.e., applicable for a short term.
Observation 3
Qoffset-based may need to be enhanced, if it’s a possible solution for the improved access/load control.
Observation 4
The inter-frequency redistribution procedure is NW-controlled method with a good fairness of UEs and the dynamic load control of idle mode UEs.
Proposal 5
RAN2 should agree to enhance the inter-frequency redistribution procedure for the improved load control of idle mode UEs in CE.
Observation 5
It’s not yet clear whether the CEL-based access class barring is considered as a kind of cell barring or cell access restriction.
Proposal 6
If CEL-based access class barring is introduced, the UE should consider the cell as barred, i.e., a CEL of the cell is barred.
Observation 6
For normal coverage, it causes excessive UL interference if the UE reselects the second highest ranked cell.
Observation 7
For some cases in enhanced coverage, the UL interference is not a critical problem even if the UE moves from the congested cell to the unloaded cell.
Proposal 7
RAN2 should agree that the UE in CE is allowed to reselect the second highest ranked cell even if it’s an intra-frequency cell, when the best-ranked cell is congested.
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