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1. [bookmark: _Ref165266342]Introduction
TSG SA WG1 studied and specified a requirement for Rel-18 (Signal Level Enhanced Network Selection, SENSE for acronym, SP-210525[1]) that requires UEs to take the signal level into account during the network selection after switch on or recovery from the loss of coverage, and during all steps of periodic re-selection. This requirement was triggered by a field deployment problem, that is UEs selecting and staying on a PLMN for which the coverage on that particular place is poor, just because the PLMN has higher priority, while other PLMNs of lower priority would be available with much better local coverage. Consequently, the UEs can barely do a registration procedure, or even if they manage to perform the registration procedure, the UEs may experience the subsequent performance degradation during data transmission, e.g. low data rate due to the worse coverage of the prioritized PLMN. It is not a big problem for normal UEs since they can move around to find a breakthrough. But it is a challenge for stationary and even permanent roaming UEs, e.g. water metering IoT devices deployed in other countries than that provides USIMs. Therefore, SA1 specified the SENSE requirement which allows the home operator to configure certain UEs with the "Operator controlled signal threshold per access technology" for network selection.
TSG CT WG1 is investigating the NAS aspects of SENSE and has sent an LS (C1-225338, R2-2209304[2]) to ask for feedback on RAN2 impact if any. This document aims to present our consideration of the AS aspects for SENSE, and accordingly propose our suggested LS response.
2. Discussion 
2.1 AS needs to support SENSE feature
In RAN2-119bis, companies discussed whether AS needs to support the SENSE feature but no conclusion reached. Some companies think there is no need for AS to support SENSE for the reason that in today’s high quality PLMN, the UE-AS is not required to select a high quality cell after the UE-NAS selects a high quality PLMN. So deriving SENSE from high quality, SENSE feature can work within NAS only, NAS selecting a SENSE-satisfied PLMN is enough, it’s not a problem with the UE camps on a not-SENSE-satisfied cell in the SENSE-satisfied selected PLMN as shown in Figure 1. 
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Figure 1: derivation of SENSE from high quality
We think the high quality and SENSE feature are different, a traditional UE can still work when it camps on an ordinary suitable cell in a high quality PLMN. But the SENSE-threshold is a threshold for service, a SENSE-UE can’t get desired service if it camps on an ordinary suitable cell in a SENSE-satisfied PLMN. Solely considering the S-criterion today leads to the SENSE’s problem, see the following text quoted from the justification of SENSE WID. How can we expect the high priority PLMN + “bad” cell (satisfy S-criterion but not satisfy SENSE-threshold) problem be resolved by let the SENSE-UE camp on a lower priority PLMN + equally “bad” cell. So back to the above underlined words, we hold a different opinion, if work in NAS only but not update AS, the SENSE-UE may camp on an equally “bad” cell of a lower priority PLMN, the problem still exists.
The reason for this kind of problems is related to the current way of how VPLMNs are selected today. During the initial steps of selecting a network after switch on or recovery, from the loss of coverage and during all steps of periodic re-selection, the signal level of available cells is not taken into account, solely the cell selection criteria as broadcast by the PLMN and the priority of networks.[quoted from SP-210525]
Observation 1: The SENSE feature was introduced to resolve the problem that stationary UEs sticking in a high priority PLMN with “bad” coverage (satisfy S-criterion but not satisfy SENSE-threshold). If work in NAS only but not update AS, SENSE-UEs may camp on an equally “bad” cell of a lower priority PLMN, the problem still exists.
Proposal 1: UE-AS also needs to support the SENSE feature.
2.2 Impactes introduced by SENSE to AS
In this section we will firstly give an overview of the current network selection procedure, then analyse the impacts introduced by SENSE to the AS or to the NAS-AS interface.
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Figure 2: overview of network selection procedure
As Figure 2 shows, the network selection procedure is generally consisted of 5 steps:
step 1. the UE AS scans all frequencies as specified in sub-clauses 5.1.1.2 and 5.1.1.3 of TS 38.304. On each frequency, the UE reads the system information of the strongest cell and finds out the supported PLMN(s) of the strongest cell;
step 2. the UE AS reports the full band scan results to NAS as specified in sub-clauses 5.1.1.2 and 5.1.1.3 of TS 38.304. For each founded PLMN, the UE AS will report its PLMN ID, and the measured RSRP value or a high quality indication instead of the RSRP value (if the measured RSPR value is greater than or equal to -110 dBm);
step 3. the UE NAS selects a PLMN based on the reported full band scan results and the PLMN priority lists as specified in sub-clause 4.4.3 of TS 23.122;
step 4. the UE NAS indicates the selected PLMN to AS as specified in clause 4.1 of TS 38.304. The associated RAT(s) and/or a list of equivalent PLMNs, if available, will also be provided to AS in this step;
step 5. the UE AS searches for a suitable cell of the selected PLMN as specified in sub-clause 5.2.3 of TS 38.304.
For step 1&step 2:
The full band scan results will be used in step 3, where the UE NAS filters out the reported full band scan results by the "Operator controlled signal threshold per access technology". It is reasonable to infer that, the UE NAS would expect a full band scan report which can reflect the signal strength of different access technologies from UE AS. While the current full band scan, as explained above, is in the frequency granularity, and on each frequency, only the supported PLMN IDs and the measured RSRP values are reported, but no access technology information. Hence we have the following observation and proposal:
Observation 2: The current full band scan and scan result report for network selection does not reflect the signal strength information of different access technologies.
Proposal 2: SENSE capable UE needs to report the full band scan results for each frequency with RAT indicaton.
For Step 3:
The PLMN selection will be definitely impacted by the introduction of SENSE, but that belongs to CT1’s scope, we will not discuss this part in this document.
For Step 4:
SA1 has clarified that the "Operator controlled signal threshold per access technology" is above the cell selection criterion. That is, some cells even if they are suitable cells (satisfy the cell selection criterion but not satisfy the operator controlled signal threshold), a SENSE UE camps on these cells still cannot obtain the desired network connection. Hence, SENSE UEs needs to search for a cell which not only satisfies the traditional cell selection criterion but also satisfies the operator controlled signal threshold in step 5. 
NOTE 2:	The allowed range of the Operator controlled signal threshold per access technology is between the cell selection criterion and the high quality signal as defined in TS 23.122 [3]. [quoted from sub-clause 3.2.2.1 of TS 22.011]
But how can the UE AS get the "Operator controlled signal threshold per access technology" which was pre-configured in USIM and updated via SOR (Steering of Roaming, a NAS procedure)? We believe the interface between the UE AS and NAS needs a certain enhancement, the "Operator controlled signal threshold per access technology" should be provided along with the selected PLMN ID in step 4. 
Proposal 3: the UE NAS provides the "Operator controlled signal threshold per access technology" with the selected PLMN ID to the UE AS, and updates the "Operator controlled signal threshold per access technology" when the previously delivered "Operator controlled signal threshold per access technology" changed.
For Step 5:
We will use an example in Figure.3 to detailed analyze the impacts to the cell selection below. Suppose there are two frequencies of the selected PLMN A, and each has three cells, more specifically, Frequency 1 has cell 1, cell 2 and cell 3, Frequency 2 has cell 4, cell 5 and cell6. Cell 2 and cell 5 are the strongest cells of Frequency 1 and Frequency 2 respectively. During the cell selection procedure, UE is not specified to search for the strongest cell among all frequencies. 
	a)	Initial cell selection (no prior knowledge of which RF channels are NR frequencies):
1.	The UE shall scan all RF channels in the NR bands according to its capabilities to find a suitable cell.
2.	On each frequency, the UE need only search for the strongest cell, except for operation with shared spectrum channel access where the UE may search for the next strongest cell(s).
3.	Once a suitable cell is found, this cell shall be selected. [quoted from sub-clause 5.3.2.1 of TS 38.304]


So in this example, UE AS scans the Frequency 1 and Frequency 2 in sequence. On Frequency 1, once the strongest cell (i.e., cell 2) fulfils criterion S, cell 2 will be finally selected as the suitable cell. However, cell 2 may not satisfy the "Operator controlled signal threshold", and cell 5 is the real one which is expected to be selected. This example illustrates that the SENSE capable UE needs to consider the "Operator controlled signal threshold per access technology" during the cell selection procedure.
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Figure 3: cell selection procedure
Note that UE can also camp on a "Operator controlled signal threshold per access technology" satisfied cell finally through the cell reselection procedure, but that will be much more complicated than through the cell selection procedure. Hence we propose that:
Proposal 4: SENSE capable UE needs to consider the "Operator controlled signal threshold per access technology" during the cell selection procedure.
3. Conclusion
In this document, we have discussed the AS aspects of the signal level enhance network selection and propose the following:
Observation 1: The SENSE feature was introduced to resolve the problem that stationary UEs sticking in a high priority PLMN with “bad” coverage (satisfy S-criterion but not satisfy SENSE-threshold). If work in NAS only but not update AS, SENSE-UEs may camp on a same “bad” cell of a lower priority PLMN, the problem still exists.
Observation 2: The current full band scan and scan result report for network selection does not reflect the signal strength information of different access technologies.
Proposal 1: UE-AS also needs to support the SENSE feature.
Proposal 2: SENSE capable UE needs to report the full band scan results for each frequency with RAT indication.
Proposal 3: UE NAS provides the "Operator controlled signal threshold per access technology" with the selected PLMN ID and update the "Operator controlled signal threshold per access technology" when the former delivered "Operator controlled signal threshold per access technology" changed.
Proposal 4: SENSE capable UE needs to consider the "Operator controlled signal threshold per access technology" during the cell selection procedure.
[bookmark: _GoBack]Based on the above analysis, we further propose the LS response as in R2-2211896.
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