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Introduction
Load balancing requirements for NB IoT were discussed in RAN2#92, and following agreement was made: 
We will have a method for inter-frequency load distribution (quite static). Details FFS. 
In this contribution, we further discuss the load balancing considerations for NB IoT.
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Load balancing is performed to distribute the cellular load among different eNBs by enforcing cell-reselection/handover, in order to alleviate the overloading situation. Load balancing in LTE can be performed for connected mode UE (via redirection, handover) or for idle mode UE (via priority based load balancing, rank based load balancing).
Key Requirements
Low power consumption and simple modem design are one of the key requirements for NB IoT. But, the current procedures for inter-frequency load balancing require UE to perform frequent measurement operations and complex cell-reselection procedures. Hence, the load balancing procedure should be simplified for NB IoT, such that UE only performs inter-frequency measurements and cell-reselections is severely required. For other instances, UE should not perform inter-frequency cell-reselection and measurements.
Inter-frequency cell-reselections/measurements should only be performed when severely required, e.g. RLF recovery.
Also, received signal strength of target cells should be considered in the load balancing design to ensure that UE’s performance does not deteriorate because of coverage degradation. This also avoids the possibility of ping-pong occurrences. 
Load balancing procedure should give consideration to received signal strength of target cells.
Load Balancing in Idle Mode
Load balancing for Idle mode UEs can be performed via mechanisms as listed below. 
1) Priority based Load Balancing: Frequency/Cell priority is assigned by the serving eNB. UE searches for eNBs operating in frequencies with higher priority than the frequency in which serving eNB is operating. If such eNB is found, UE reselects to the selected eNB given a signal strength threshold criteria is satisfied.
2) Ranking based Load Balancing: The serving eNB assigns frequency/cell specific offset values. If signal strength of serving eNB goes below a threshold, UE starts searching for target eNBs operating in the specified frequencies. For cell-reselection, UE takes into account the offsets along with received signal strength to rank cells. 
Table 1 describes the issues with the given load balancing procedures in context of NB IoT.
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	Scheme
	Issues

	Ranking based Load Balancing
	1) High power consumption since UE may have to monitor multiple frequencies if serving signal strength deteriorates 

	Priority based Load Balancing
	1) Coverage level of UE can deteriorate due to enforced cell-reselection.
2) Uneven load distribution as UEs attempt connection towards highest priority frequency/cell
3) Increased power consumption due to search of high priority frequencies



Observation 1 	Priority based load balancing is not be suitable in context NB IoT
Observation 2	Current ranking based load balancing may incur high power consumption as UE may have to measure multiple frequencies.
Ranking based load balancing can be simplified for coverage enhancements where thresholds can be configured according to the coverage level of the UE. Also, the procedure can be simplified to avoid inter-frequency measurement operations for improved power savings. 
If inter-frequency cell-reselection is required, ranking based load balancing can be simplified for application of NB IOT.
Load Balancing in Connected Mode
Since handover is not supported in context of NB IoT, load balancing for connected UEs can be performed using redirection procedure if necessary, using RRC Connection Release or RRC Connection Reject message. 
Although redirection results in immediate cell-reselection by UEs, any positive effect of the load-balancing action on the paging capacity and RACH resource utilization is not immediately obvious, because of the typically large interval between connection release and subsequent connection establishment instances for a NB IoT UE. Moreover, because the loading problem is expected to be not so serious at initial phase when the number of NB-IoT UEs would not be high, the motivation is not clear to still have the connected mode redirection methodology. 
Observation 3 	Redirection procedure may have only a small impact on alleviating cell overload for NB-IoT.
Observation 4	The loading problem is expected to be not so serious at the first phase.
Redirection procedure may not be required at least for the first phase of NB IoT.
Conclusion
In this contribution we have discussed the inter-frequency load balancing aspects for NB IoT. Following proposals are made in this contribution:
Proposal 1	Inter-frequency cell-reselections/measurements should only be performed when severely required, e.g. RLF recovery.
Proposal 2	Load balancing procedure should give consideration to received signal strength of target cells.
Proposal 3	If inter-frequency cell-reselection is required, ranking based load balancing can be simplified for application of NB IOT.
Proposal 4	Redirection procedure may not be required at least for the first phase of NB IoT.
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