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1 Introduction

In RAN2#97bis, in [1] a cell reselection issue i.e. too late cell reselection was found in NB-IoT field test and the following agreements were made: 

· There is significant support to modify the range of Sintraseatrch, there seems to be support to also do more. 

· We have at least some solution in Rel-13

· Email discussion, can also discuss solutions that may be candidates for later release.
During the email discussion, two solutions were down-selected for further discussion. In this paper, the two candidate solutions are further discussed. 
2 Discussion
2.1 Too late cell reselection
In [2], the measurement rules for cell reselection in NB-IoT are as follows and only SintrasearchP is used to limit the need for intra-frequency measurements:
 
When evaluating Srxlev and Squal of non-serving cells for reselection purposes, the UE shall use parameters provided by the serving cell.

Following rules are used by the UE to limit needed measurements:

-
If the serving cell fulfils Srxlev > SIntraSearchP, the UE may choose not to perform intra-frequency measurements.

-
Otherwise, the UE shall perform intra-frequency measurements.
-
The UE shall apply the following rules for NB-IoT inter-frequencies which are indicated in system information:

-
If the serving cell fulfils Srxlev > SnonIntraSearchP, the UE may choose not to perform inter-frequency measurements.
-
Otherwise, the UE shall perform inter-frequency measurements.

Srxlev is defined by the following formula: 

Srxlev = Qrxlevmeas – Qrxlevmin – Pcompensation - Qoffsettemp
Squal = Qqualmeas – Qqualmin - Qoffsettemp
Qrxlevmeas is the cell measured Rx level, i.e. RSRP, and Qrxlevmin is configured by the network taking into the level of coverage enhancement provided in the cell. Assuming Pcompensation and Qoffsettemp are set to zero, then Srxlev is solely determined by Qrxlevmeas and Qrxlevmin.

Qrxlevmeas is calculated according to the following formula in [3]:

PRx= PTx- 10*log10(N) - CL
PTX is the transmission power of the eNB, PRX the received RSRP, and CL the coupling loss. Taking the same assumptions as in [3], in co-site deployment, the coupling loss of the LTE cell and NB-IoT cell are the same. 
Considering that PTx in NB-IoT is 6 dB better than in LTE and considering 20 dB coverage enhancement, Qrxlevmin in NB-IoT will be configured to a lower value than in LTE. As a result, Srxlev in NB-IoT will be higher than in LTE.
However, in NB-IoT, Qrxlevmin was increased from -140 to -156 dBm compared to LTE, while the value range of SintrasearchP is still the same as in LTE. 
–
ReselectionThreshold
The IE ReselectionThreshold is used to indicate an Rx level threshold for cell reselection. Actual value of threshold = field value * 2 [dB].

ReselectionThreshold information element

-- ASN1START

ReselectionThreshold ::=



INTEGER (0..31)
-- ASN1STOP

As a result, in the above co-site scenario, NB-IoT UEs at the cell edge will not perform intra-frequency measurements due to the too low threshold. In this case, even if a better neighbour cell exists, the UE will not reselect to this cell, causing additional interferences in the serving cell. 
2.2 Solutions for too late cell reselection
Having determined that the problem is due to a too low value of SintrasearchP, a straightforward solution is to extend the value range. 
Two proposals were made in the e-mail discussion:
· Option 1: Keep the value range unchanged and extend the step from 2 dB to 3 dB; 

· Option 2: Extend the value range in the signalling from (0…31) to (0…63); 
Both options will solve the too late cell reselection issue. However, option 2 provides better granularity which is important for network control. 
Proposal 1: Extend the signalling of SintrasearchP from (0…31) to (0…63) dB. 
As commented during the email discussion by many companies, the consequence will be that static or indoor UEs will perform measurements more often due to the higher SintrasearchP. 

For operators having predominantly one type of devices, e.g. mobile devices such as tracking devices, or static/indoor devices such as smart meter, the operator can configure the SintrasearchP according to the deployment scenario. 
For operators having both types of devices, it is a difficult to configure SintrasearchP to an appropriate value as this is a cell specific parameter. Thus, an additional mechanism is needed to solve the problem of too late cell reselection

Considering that too late cell reselection results in interference to neighbour cells, using RSRQ as a trigger for intra-frequency measurements as in LTE seems a good approach. 

Proposal 2: Reintroduce Squal in the measurement rules for cell re-selection in NB-IoT. 
3 Conclusion

In this contribution, we have discussed the two candidate solutions to resolve the too late cell reselection and have the following proposals:
Proposal 1: Extend the signalling of SintrasearchP from (0…31) to (0…63) dB. 

Proposal 2: Reintroduce Squal in the measurement rules for cell re-selection in NB-IoT. 
Two CRs implementing the above proposals are provided in [4] and [5].
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