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1. [bookmark: _Ref165266342]Introduction
TSG CT has approved a work item (CP-222237) on CT aspects of Signal level Enhanced Network Selection (SENSE). The work item aims to mitigate network selection issues with hard to reach, stationary IoT devices in remote locations that experience unstable radio conditions. The problem manifests because these devices end up selecting PLMNs with higher priority but poor coverage even though PLMNs with better coverage may be available but are not selected because of lower priority.
TSG SA WG1 has studied this issue and introduced a requirement for Rel-18 (i.e., SENSE, SP-210525) that allows to take the signal level into account during the network selection, and the relevant stage-1 normative work is specified in TS 22.011. As part of the approved stage-3 work item (CP-222237) TSG CT has identified a stage-3 objective for CT1 as follows:
-	enable the home operator to configure/update/delete an "Operator controlled signal threshold per access technology" on the USIM;
This contribution analyses the above objective and proposes that a NAS based solution is *not* required to configure the operator configured thresholds.

2. Discussion 
2.1 Stage 1 requirements
TS 22.011 has specified the following requirements for the Operator controlled signal threshold per access technology in clause 3.2.2.1. 
[bookmark: _Toc27763598][bookmark: _Toc59108813]3.2.2.1	General
…
For UEs supporting any, or a combination, of NB-IoT, GERAN EC-GSM-IoT [18] and Category M1 or M2 of E-UTRA [17], the 5G system shall support a mechanism to have an Operator controlled signal threshold per access technology on the USIM to be used for network selection. The signal threshold is specific for a certain Access Technology and shall apply to all PLMNs with the corresponding access technology combinations.
…

[bookmark: _Toc27763599][bookmark: _Toc59108814]3.2.2.2	At switch-on or recovery from lack of coverage
If the Operator controlled signal threshold per access technology is set on the USIM, it shall be used for the selection of the last registered PLMN (and/or EHPLMN/HPLMN) and for the automatic mode network selection steps described in this clause. In particular, if the Operator controlled signal threshold per access technology is set on the USIM: 
i) the UE shall only select a network if 
- 	the network selection conditions as described below are met and 
-	the received signal quality of the candidate PLMN/access technology combination is equal to or higher than the Operator controlled signal threshold per access technology. 
ii) if no candidate PLMN/access technology combination fulfils the Operator controlled signal threshold criteria, the UE shall repeat the network selection procedure without applying the Operator controlled signal threshold per access technology.
…

From the above it is clear that in general SA1 has not specified any requirements to configure/update operator controlled signal thresholds per access technology using a NAS based solution. Further from the highlighted SA1 requirements, it is clear that these signal thresholds are the same across all PLMNs ("shall apply to all PLMNs" as opposed to being specific for a PLMN).

The repeated use of the term "Operator controlled signal threshold" -- in total 21 times -- suggests that the phrase  "Operator controlled" is part of the parameter name. And while this indicates that the value of the parameter will be defined by the HPLMN operator, it does not imply a specific way how the parameter can be updated -- similar as for the case of the Operator Controlled PLMN Selector list. The access condition for the EF for the Operator Controlled PLMN Selector list on the USIM is “ADM”, and its contents can be changed by the operator via SIM-Toolkit but not via NAS signalling. 

2.2 Other aspects
According to a contribution from Deutsche Telekom in SA1 (S1-210038),
"The problem occurs with all kind of connectivity modules, independent of the radio technology, i.e. at least 2G, 3G, 4G. We do not have sufficient data concerning 5G modules yet."
So in practice, the IoT device could camp on any RAT. For a solution based on 'pure' NAS signalling, this means that all NAS protocols, i.e. TS 24.008, TS 24.301 and TS 24.501 would need to be updated (and developers would have 3x the implemention and testing efforts).

Specifically a solution based on Steering of Roaming (SoR) over NAS has the drawback that it is working only with 5G NAS; i.e., it requires that the device is camping on an NG-RAN cell and is attached to 5GC. In other words, with an SoR-based solution, any device not supporting 5G or just camping on a 2G-, 3G- or 4G-cell cannot be updated. This would exclude a considerable part of IoT devices from a possible update. On the other hand, a SIM-Toolkit based solution is RAT-independent and can work with any 2G, 3G, 4G and 5G network.

The way the signal threshold mechanism is working, it is not expected that in practice there will be a need for a frequent update of the threshold values. (After all, the issue is not that the HPLMN operator does not know which signal level it wishes to have for its IoT devices, the issue is rather that some PLMNs are broadcasting unreasonably low signal level and quality level values for cell selection.)
 
As there is no specific requirement from SA1 for a NAS based solution or, specifically,  a Steering of Roaming (SoR) based solution to update these operator controlled thresholds, we suggest to go for RAT-independent, SIM-Toolkit based solution.

3. Conclusion
In this document, we have discussed the requirements to configure/update the operator controlled signal thresholds per access technology for SENSE. From stage-1 requirements it is clear that signal thresholds apply to all PLMNs, and these threshold values can be configured by HPLMN on the USIM. So an update via SIM-Toolkit is possible , and as such a NAS based solution, especially a SoR-based solution, is *not* required and would have the serious drawback that it can only address those IoT devices that happen to camp on a 5G cell.
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