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1 Background
Idle mode mobility was discussed in RAN2#93 and the following agreements were made:
· UEs supporting NB-IoT supports the maximum coverage enhancement level (this can be revisited if there is justification). 
· NB-IoT supports RSRP. 
· It is FFS if NB-IoT supports RSRQ measurements.
· In NB-IoT the selection criteria S is fulfilled when both Srxlev > 0  AND  Squal > 0 (Squal is FFS).
· Qrxlevminoffset and Qqualminoffset are not supported in NB-IoT.
· Qoffsettemp and the related fucntionality is supported in NB-IoT. Small simplification could be considered, based on proposal this meeting.  
· In NB-IoT the cell suitability criteria S is defined as:
Srxlev = Qrxlevmeas – Qrxlevmin - Qoffsettemp – Pcompensation (FFS)
FFS: Squal = Qqualmeas – Qqualmin - Qoffsettemp
· It is FFS if we introduce a default value and an option to broadcast a single value for Qoffsetfreq to be used for all inter-frequencies (revisit after disc on cell reseelction). 
· NB-IoT supports cell specific offsets for intra-frequency, but not for inter-frequency. 
· NB-IoT supports a separate measurement threshold for intra-frequency and inter-frequency measurements (i.e. SIntraSearch and SnonIntraSearch).

· The UE is not required to perform intra-frequency measurements when the serving cell is above the intra-frequency measurement threshold.
· The UE is not required to perform inter-frequency measurements when the serving cell is above the inter-frequency measurement threshold.
· It is FFS if NB-IoT supports a default value for the measurement thresholds (i.e. SIntraSearch and SnonIntraSearch).
· NB-IoT supports the intra-frequency cell reselection indicator (intraFreqReselection) which is used when the cell is barred. 
For the sake of updating 36.304 for NB-IOT: 

· RAN2 assumes that NB-IoT supports higher priority PLMN search.

· RAN2 assumes that NB-IoT supports manual mode PLMN selection.
· We will send a LS to SA1, CT1, CT5 asking to extend the value range of period for search for higher priority PLMN, R2-161945 (DT). 
· For cell seelction we will just have one set of S-criteria (i.e. no differentiation between normal and extended coverge)
The following open issues for idle mode mobility are discussed in this contribution: 
· RSRQ measurements

· Qoffsettemp
· Pcompensation (20 and 23 dBm)
· Default cell re-selection parameter values (Qoffsetfreq, SIntraSearch, SnonIntraSearch)
· NB-IoT carriers
· TreselectionRAT
· RAT search during cell select
· E-UTRA inter-frequency redistribution
2 Discussion
RSRQ measurements

RAN2 agreed to support RSRP for NB-IoT, but RSRQ measurements are still FFS. The quality based measurements (RSRQ) take into account co-channel and adjacent-channel interference, which can also be relevant for NB-IoT:
Proposal 1: NB-IoT supports RSRQ measurements.
The RSRQ measurement time, detection time, and accuracy depend on the coverage conditions (e.g. SINR), but this can be left to RAN4 to define. The additional RAN4 work to add RSRQ to the RSRP RRM requirements is expected to be limited.
Proposal 2: In NB-IoT the selection criteria S is fulfilled when both Srxlev > 0  AND  Squal > 0.
Proposal 3: In NB-IoT Squal is defined as Qqualmeas – Qqualmin – Qoffsettemp.
Proposal 4: NB-IoT supports separate measurement threshold for RSRP and RSRQ measurements for both intra-frequency and inter-frequency measurements (i.e. SIntraSearchP, SIntraSearchQ, SnonIntraSearchP, SnonIntraSearchQ).
Qoffsettemp
The RRC Connection Establishment failure temporary Qoffset procedure in 36.331 (Qoffsettemp in 36.304) uses an offset, counter and validity timer: 

· connEstFailCount: 

1, 2, 3, 4
· connEstFailOffsetValidity: 
30, 60, 120, 240, 300, 420, 600, 900 sec
· connEstFailOffset:

0..15 dB

The UE is required to select the strongest/best ranked DL, but in case the UL does not work, the UE is allowed to temporary select the second strongest/best ranked DL cell. In case the UE is mobile the UL problem is typically not permanent. 
RAN2 agreed to support the RRC Connection Establishment failure temporary Qoffset procedure but could consider small simplifications. Simplications in terms of default/fixed values will take time to evaluate and discuss in RAN2 and provide little reduction in complexity. The following options for simplification are identified:  
Option 1: Qoffsettemp procedure is supported in NB-IoT
Disadvantage: A stationary UE with UL problems may have to go through a number of RRC connection establishments every time it wants to send data before being allowed to select the neighbour cell where the UL works. With the low traffic load in NB-IoT the validity timer is likely to expire before new data is send and the UE returns to the old cell with the UL problem. 
Option 2: Qoffsettemp is supported in NB-IoT, but only the offset is broadcasted, i.e. counter and timer are left to UE implementation.

Advantage: this limits the interference a UE may generate by selection second strongest DL, but allows implementation freedom when to return to old cell (strongest DL). NOTE: there is also an incentive for the UE to select the strongest DL cell, it is assumed that a sensible UE implementation returns to the strongest DL when the UL for that cell works (again). 
Option 3: Qoffsettemp is supported in NB-IoT with the enhancement that a stationary UE is allowed to increase the validity time to allow the UE not to return to the problem cell. 

Disadvantage: to discuss and determine the "backoff" strategy requires further discussions and time in RAN2, and the procedure is even further complicated. 
Based on the analysis above it is proposed:

Proposal 5: Qoffsettemp is supported in NB-IoT, but only the offset is broadcasted, i.e. counter and timer are left to UE implementation. 

Pcompensation
RAN4 agreed to support power class 3 (max output 23 dBm), but is also discussing an additional power class 5 (e.g. 18 and 20 dBm). In our understanding it is likely that RAN4 will decide on more than one power class, and we suggest that RAN2 has a working assumption that more than one power class is supported, i.e. Pcompensation is used in NB-IoT: 

Proposal 6: Pcompensation is used in the cell selection criteria S: Srxlev = Qrxlevmeas – Qrxlevmin – Pcompensation - Qoffsettemp.
Furthermore based on feedback from our RAN4 colleagues it is proposed to support additionalSpectrumEmission and additionalPmax per band (for up to 8 bands like in legacy) in NB-IoT.
Proposal 7: NB-IoT supports additionalSpectrumEmission and additionalPmax per band (8 bands).
Default values

The measurement thresholds in SIB3 are optional (s-IntraSearchP-r9, s-IntraSearchQ-r9, s-NonIntraSearchP-r9, s-NonIntraSearchQ-r9), see 36.331. In section 5.2.4.2 in 36.304 it is specified that the UE is required to continuously measure, unless the UE is above the measurement threshold. In case the measurement thresholds are not broadcasted this requirement is not fulfilled. Therefore it is proposed:
Proposal 8: The measurement thresholds are mandatory present in system information. 
NB-IoT carrier
For Idle mode mobility and redirection the NB-IoT carrier needs to be identified. It is proposed to use the NB_IoT carrier identification <EARFCN, offset> as proposed in RAN4 [1], i.e. the LTE frequency plus an offset allowing for a 2.5 kHz granularity (see also 36.101): 
· FDL = FDL_low + 0.1*(NDL – NOffs-DL) + 0.0025* (2MDL +1)  

· FDL_low
: The lowest frequency of the downlink operating band (36.101)

· NDL 
: Downlink EARFCN (36.101)

· NOffs-DL 
: Offset used for calculating downlink EARFCN (36.101)
· MDL 
: Offset of NB-IoT carrier number to EARFCN {-10,-9,-8,-7,-6,-5,-4,-3,-2,-
 1,0,1,2,3,4,5,6,7,8,9}
Proposal 9: RAN2 assumes that a NB-IoT carrier is identified by <EARFCN, offset>.

This aspect is discussed in RAN4 [1], and will be captured in 36.101. 
TreselectionRAT
The TreselectionRAT prevents the UE from re-selecting to a new cell too quickly, i.e. with cell ranking the UE is required to only re-select to a new cell when: 
-
the new cell is better ranked than the serving cell during a time interval TreselectionRAT;

-
more than 1 second has elapsed since the UE camped on the current serving cell.

In 36.331 T-Reselection has a value between 0 and 7 seconds and is included in SIB3 for intra-frequency and in SIB5 for inter-frequency (common for all frequencies): 
Proposal 10: In NB-IoT T-Reselection is broadcasted in SIB3 for intra-frequency and SIB5 for all inter-frequencies (i.e. common value for all inter-frequencies) 

RAT search during cell select

In RAN2#91bis for NB-IoT it was agreed:

We assume we will not support
· Inter-RAT cell-reselection, or Inter RAT mobility in connected mode (Note that in this respect NB-IOT is a separate RAT from LTE). 
To keep the Idle mode mobility simple in REL-13 it is proposed to stick to this agreement. In our understanding some iRAT functionality can be left to UE implementation, i.e. a UE implementation is not prohibited to perform iRAT measurements. We think that NB-IoT should not broadcast LTE/GSM frequency info for cell search in REL-13. 

Proposal 11: In NB-IoT the UE is not required to search on other RATs during cell select in REL-13.
E-UTRA inter-frequency redistribution
In REL-13 LTE the NW may distribute the UEs to different cells or LTE frequencies using a distribution factor per cell or frequency (see section 5.2.4.10 in 25.304). During email discussion on load balancing [2] also simplified distribution mechanism were discussed (see R2-160529 and R2-160483), but there was not much company support for such mechanism. 
Proposal 12: NB-IoT does not support E-UTRA inter-frequency redistribution.
3 Summary

RAN2 is kindly asked Idle mode mobility in NB-IOT: 

Proposal 1: NB-IoT supports RSRQ measurements.
Proposal 2: In NB-IoT the selection criteria S is fulfilled when both Srxlev > 0  AND  Squal > 0.
Proposal 3: In NB-IoT Squal is defined as Qqualmeas – Qqualmin – Qoffsettemp.
Proposal 4: NB-IoT supports separate measurement threshold for RSRP and RSRQ measurements for both intra-frequency and inter-frequency measurements (i.e. SIntraSearchP, SIntraSearchQ, SnonIntraSearchP, SnonIntraSearchQ).
Proposal 5: Qoffsettemp is supported in NB-IoT, but only the offset is broadcasted, i.e. counter and timer are left to UE implementation. 

Proposal 6: Pcompensation is used in the cell selection criteria S: Srxlev = Qrxlevmeas – Qrxlevmin – Pcompensation - Qoffsettemp.
Proposal 7: NB-IoT supports additionalSpectrumEmission and additionalPmax per band (8 bands).
Proposal 8: The measurement thresholds are mandatory present in system information. 

Proposal 9: RAN2 assumes that a NB-IoT carrier is identified by <EARFCN, offset>.

Proposal 10: In NB-IoT T-Reselection is broadcasted in SIB3 for intra-frequency and SIB5 for all inter-frequencies (i.e. common value for all inter-frequencies) 

Proposal 11: In NB-IoT the UE is not required to search on other RATs during cell select in REL-13.

Proposal 12: NB-IoT does not support E-UTRA inter-frequency redistribution.
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