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1 Background

The contributions for Idle procedures were not treated in RAN2#92 [1], [2], [3], [4], [5], [6], [7] but the need for load balancing in NB-IoT was discussed. In this contribution the open issues for Idle mode mobility are discussed further. 

In this contribution it is assumed that priority based cell re-selection is not supported, but release with redirection is supported for load balancing in NB-IoT, as discussed in [8].

2 Discussion

2.1 Idle mode mobility and coverage enhancements

It is agreed to support intra- and inter-frequency cell re-selection (details FFS) and different coverage levels (details pending RAN1/RAN4 input) for NB-IoT [9]. The coverage enhancements in NB-IoT are mainly targeted to improve indoor penetration but they also increase the range of the cell, as depicted in figure 1:
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Figure 1: Coverage enhancements.
An important component to achieve coverage enhancement in NB-IoT is through repetitions, i.e. through repeated reception attempts the UE can receive paging, access the cell and receive system information. Thus these coverage enhancements come with a cost, mainly in terms of power consumption. When the UE is in poor coverage conditions it will take longer time to receive paging, perform access and re-acquire system information, thus increasing the power consumption of the UE. 

The cell re-selection procedure in Idle mode comprises two steps:

1. Selection of possible candidate cells for cell re-selection, i.e. suitability S criteria is fulfilled (Srxlev > 0  AND  Squal > 0).
2. Best/strongest cell selection among the possible candidates (cell ranking) or highest priority cell selection (priority based).

A leading principle in idle mode mobility is that the UE should try to (re-)select the strongest cell to minimize interference. This principle should be retained for NB-IoT as well. In NB-IoT there will be cells supporting different levels of coverage enhancements (e.g. some cells supporting deep indoor penetration, and others only "normal coverage"). In case the UE has the option to camp on more than one cell in NB-IoT (i.e. more than one cell fulfils the suitability criteria) the UE is best advised to select the strongest one, independent from the coverage enhancement level supported by the cell. In case the UE selects the strongest cell the UE will need the fewest repetitions for paging, access and system information; thus using as little power as possible. 

In case a cell supports a high coverage enhancement level that cell will also have a suitability criteria that is more easily met, i.e. is low. However the suitability criteria (indicator of the supported CE level) is not the criteria to select the cell, but the received signal strength from that cell, i.e. whether that cell is the strongest of the possible candidates. 

In the following text the above view on cell re-selection with coverage enhancements is translated into more detailed proposals. But first some proposals concerning the UE and NW support of coverage enhancements, which may influence details of the mobility procedure, are made: 

Proposal 1: A NB-IoT cell may support a coverage enhancement level up to the maximum coverage enhancement level defined for NB-IoT.

Only when the network is deployed it can be determined what level of coverage enhancement each cell requires, i.e. some cells may require deep indoor penetration, while others require only "normal coverage". 

Given that there are no “legacy” UEs in NB-IoT, as in REL-13 eMTC, it is assumed that:

Proposal 2: A UE supporting NB-IoT supports the maximum coverage enhancement level.

RAN4 will specify the RRM requirements for NB-IoT [10], [11]. RAN4 discussed the NB-IoT RRM requirements in RAN4#77 and agreed to specify o.a. the Idle mode cell selection and re-selection requirements (and prioritize the intra-frequency requirements for REL-13) [12]. It can be expected that RRM measurement latency is increased and/or measurement accuracy is reduced with higher coverage enhancement levels. 

2.2 Cell select

It is useful to support both Reference Signal Received Power (RSRP) and Reference Signal Received Quality (RSRQ) measurements in NB-IoT. The quality based measurements (RSRQ) take into account co-channel and adjacent-channel interference. However the use of RSRQ with a high coverage enhancement level can be discussed further after RAN4 has defined the RRM requirements and associated latencies and accuracy: 

Proposal 3: NB-IoT supports both RSRP and RSRQ measurements (RSRQ measurement with high coverage enhancement level is FFS).

If proposal 3 is agreed this implies that the suitability criteria S includes both RSRP and RSRQ:

Proposal 4: In NB-IoT the selection criteria S is fulfilled when both Srxlev > 0  AND  Squal > 0 (Squal with high coverage enhancement level is FFS).
The suitability criteria S in TS 36.304 section 5.2.3.2 can be re-used for NB-IoT. Qrxlevmin and Qqualmin can be set according to the supported coverage enhancement level of the cell. 

NB-IoT assumes limited mobility, and roaming UEs are supported. However to limit the system information size and to simplify the procedure it is proposed not to support Qrxlevminoffset/Qqualminoffset. These parameters can be used to bias the suitability for certain PLMNs, i.e. they are used with periodic search for a higher priority PLMN while camped normally in a VPLMN (TS 23.122):
Proposal 5a: Qrxlevminoffset/Qqualminoffset are not supported in NB-IoT.

Parameter Qoffsettemp is used when the UE selects the strongest downlink but the uplink fails for that cell. Qoffsettemp is known as IE connEstFailOffset in IE RACH-ConfigCommon in 36.331. This scenario could also happen in NB-IoT, but it is proposed to leave handling of such (rare) scenario to UE implementation. The procedure is relatively complex with an establishment failure counter, offset and offset validity time. Furthermore the validity time could be rather permanent in NB-IoT when a device has a fixed position: 

Proposal 5b: Qoffsettemp is not supported in NB-IoT.

Proposal 5c: In NB-IoT the cell suitability criteria S is defined as:

Srxlev = Qrxlevmeas – Qrxlevmin – Pcompensation (FFS)
Squal = Qqualmeas – Qqualmin
The need for Pcompensation depends on the RAN1/RAN4 decisions for the maximum transmit power and power classes in NB-IoT.
NOTE: the range of Qrxlevmin and Qqualmin may have to be increased to support the maximum coverage enhancement level in NB-IoT (36.331): 

· Q-RxLevMin = INTEGER (-70..-22) with Qrxlevmin = IE value * 2 [dBm]. 
· Q-QualMin-r9 = INTEGER (-34..-3) with Qqualmin = IE value [dB]. 
As discussed before when the cell is suitable the UE should be able to receive paging, acquire system information and perform access on that cell:
Proposal 6: If the cell selection criteria S of the cell is fulfilled the UE should be able to receive paging, acquire system information and perform access on that cell.

2.3 Cell reselection

To avoid periodic measurements for higher priority frequencies/cells priority based cell re-selection is not preferred. The cell ranking with intra-frequency and equal priority inter-frequency cell reselection (section 5.2.4.6 in TS 36.304) is considered suitable for NB-IoT with coverage enhancements: 

Proposal 7: In NB-IoT intra- and inter-frequency cell re-selection is based on cell ranking.

In case release with redirection is used for load balancing it is preferred that the UE remains on the dedicated frequency, i.e. the frequency should be "sticky". This can be achieved by using the frequency individual offsets and by configuring a negative bias towards others frequencies than the current frequency: 

· Cell ranking:
· Rs = Qmeas,s + QHyst 


serving cell
· Rn = Qmeas,n – (Qoffsetcell)

intra-frequency neighbouring cell
· Rn = Qmeas,n – (Qoffsetfreq + Qoffsetcell) 
inter-frequency neighbouring cell
· q-Offset (cell/freq):
· per intra-frequency cell (SIB4 cell individual offset)

· per inter-frequency (SIB5 common for all inter-frequency cells on that frequency)

· per inter-frequency cell (SIB5 cell specific offset)

· Value ranges:

· Q-OffsetRange ::= ENUMERATED {dB-24, dB-22, dB-20, dB-18, dB-16, dB-14, dB-12, dB-10, dB-8, dB-6, dB-5, dB-4, dB-3, dB-2, dB-1, dB0, dB1, dB2, dB3, dB4, dB5, dB6, dB8, dB10, dB12, dB14, dB16, dB18, dB20, dB22, dB24}

To limit the system information size it is proposed:

Proposal 8: Introduce a default value and an option to broadcast a single value for Qoffsetfreq to be used for all inter-frequencies.
NOTE: the range of Q-OffsetRange may have to be increased to support the maximum coverage enhancement level in NB-IoT
In case the current frequency becomes bad (i.e. the UE has trouble to find a suitable cell on the current frequency) it is preferred that the UE re-selects to another frequency before it cannot find a suitable intra-frequency cell. The wanted behavior is depicted in Figure 2: 
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Figure 2: New measurement threshold below which the UE shall remove the inter-frequency offset (i.e. remove stickyness of current frequency before UE goes out of service on serving frequency). 
Therefore it is proposed to introduce a new measurement threshold with cell ranking below which the UE shall omit the frequency specific offset for cell ranking: 

Proposal 9: Introduce a new measurement threshold to indicate when the UE shall omit the frequency specific offset for a cell with cell ranking when the measured quality of that cell drops below this new threshold. 

To limit the system information size it is proposed to omit the cell specific offset for inter-frequency cells, but to keep this option for intra-frequency cells:

Proposal 10: NB-IoT supports cell specific offsets for intra-frequency, but not for inter-frequency. 

In NB-IoT it is desired to minimize intra- and especially inter-frequency measurements for cell re-selection with the assumption that NB-IoT only supports limited mobility (i.e. stationary and low mobility). Intra- and inter-frequency measurements are triggered with a threshold, i.e. if the measured power/quality is below this threshold the UE is not required to perform measurements. The inter-frequency measurements are more power consuming (compared to intra-frequency measurements), i.e. it is useful to have a separate threshold for intra-frequency and inter-frequency to avoid unnecessary inter-frequency measurements.

Proposal 11a: NB-IoT supports a separate measurement threshold for intra-frequency and inter-frequency measurements (i.e. SIntraSearchP/SIntraSearchQ and SnonIntraSearchP/SnonIntraSearchQ).

Proposal 11b: The UE is not required to perform intra-frequency measurements when Srxlev > SIntraSearchP and Squal > SIntraSearchQ.
Proposal 11c: The UE is not required to perform inter-frequency measurements when Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ.
In case the measurement thresholds are not broadcasted in system information the UE should not be required to continuously perform intra- or inter-frequency measure:

Proposal 12: NB-IoT supports a default value for the measurement thresholds (i.e. SIntraSearchP/SIntraSearchQ and SnonIntraSearchP/SnonIntraSearchQ).

The Inter-Frequency Re-selection Indicator (IFRI) is needed when a cell is barred: 

Proposal 13: NB-IoT supports the intra-frequency cell reselection indicator (intraFreqReselection) which is used when the cell is barred. 

2.4 Miscellaneous

It is assumed that the higher priority PLMN search can be kept for NB-IOT as is, i.e. the current maximum “minimum background scan timer” is 8 hours which is deemed sufficient for NB-IoT: 
Proposal 14: NB-IoT supports higher priority PLMN search.

Manual PLMN selection is not considered to be needed for NB-IoT where it is assumed that the NB-IoT device is typically not manually operated or lacks the means for manual selection:
Proposal 15: NB-IoT does not support manual mode PLMN selection.

There is no need to support “Camped on Any Cell state” in NB-IoT because emergency calls are not supported: 

Proposal 16: NB-IoT does not support Camped on Any Cell state.

NOTE: Based on the RAN4 conclusions concerning RRM requirements, and the associated measurements latencies and accuracies, RAN2 may need to discuss the handling of Qhyst and Treselection in NB-IoT.

3 Summary

RAN2 is kindly asked to Idle mode mobility in NB-IoT: 

Proposal 1: A NB-IoT cell may support a coverage enhancement level up to the maximum coverage enhancement level defined for NB-IoT.

Proposal 2: A UE supporting NB-IoT supports the maximum coverage enhancement level.

Proposal 3: NB-IoT supports both RSRP and RSRQ measurements (RSRQ measurement with high coverage enhancement level is FFS).

Proposal 4: In NB-IoT the selection criteria S is fulfilled when both Srxlev > 0  AND  Squal > 0 (Squal with high coverage enhancement level is FFS).
Proposal 5a: Qrxlevminoffset/Qqualminoffset are not supported in NB-IoT.

Proposal 5b: Qoffsettemp is not supported in NB-IoT.

Proposal 5c: In NB-IoT the cell suitability criteria S is defined as:

Srxlev = Qrxlevmeas – Qrxlevmin – Pcompensation (FFS)
Squal = Qqualmeas – Qqualmin
Proposal 6: If the cell selection criteria S of the cell is fulfilled the UE should be able to receive paging, acquire system information and perform access on that cell.

Proposal 7: In NB-IoT intra- and inter-frequency cell re-selection is based on cell ranking.

Proposal 8: Introduce a default value and an option to broadcast a single value for Qoffsetfreq to be used for all inter-frequencies.
Proposal 9: Introduce a new measurement threshold to indicate when the UE shall omit the frequency specific offset for a cell with cell ranking when the measured quality of that cell drops below this new threshold. 

Proposal 10: NB-IoT supports cell specific offsets for intra-frequency, but not for inter-frequency. 

Proposal 11a: NB-IoT supports a separate measurement threshold for intra-frequency and inter-frequency measurements (i.e. SIntraSearchP/SIntraSearchQ and SnonIntraSearchP/SnonIntraSearchQ).

Proposal 11b: The UE is not required to perform intra-frequency measurements when Srxlev > SIntraSearchP and Squal > SIntraSearchQ.
Proposal 11c: The UE is not required to perform inter-frequency measurements when Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ.
Proposal 12: NB-IoT supports a default value for the measurement thresholds (i.e. SIntraSearchP/SIntraSearchQ and SnonIntraSearchP/SnonIntraSearchQ).

Proposal 13: NB-IoT supports the intra-frequency cell reselection indicator (intraFreqReselection) which is used when the cell is barred. 

Proposal 14: NB-IoT supports higher priority PLMN search.

Proposal 15: NB-IoT does not support manual mode PLMN selection.

Proposal 16: NB-IoT does not support Camped on Any Cell state.
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