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Discussion and decision
1 Introduction
During RAN2#114-e, further progress was made on the following Release 17 WI objective [1] and a number of agreements reached [2]:
•
Introduce support for NB-IoT carrier selection based on the coverage level, and associated carrier specific configuration (e.g. maximum repetitions UL/DL, DRX configurations, etc.). [NB-IoT] [RAN2, RAN3]
	RAN2#114-e agreements:
· Rel-17 paging carriers and the legacy paging carriers should be exclusive.

· RAN2 assumes S1AP/NGAP update is not needed.

· Carrier selection criteria does not include power boosting or service

· FFS: For option 1, whether DRX can be part of the carrier selection criteria

· Rel-17 paging carrier configuration is provided in broadcast signalling.

· Select between the following sub-options:

· Option 1c: Network enables UE to select a Rel-17 paging carrier by providing the coverage information (CEL/Rmax) for the carrier selection to the UE in dedicated signalling

· Option 2a: NW indicates the carrier to use explicitly via dedicated signalling based on information determined within the NW.
· FFS for both options whether there is a report from the UE to suggest a carrier or provide a metric report
· Working assumption: UE metric for determining carrier suitability and selection is based on measured NRSRP. FFS whether to use a hysteresis/longer averaging/timer

· For option 1, upon cell change, FFS: 

· Alt 1: based on previously determined CEL and broadcasted paging carrier configuration in the new cell.

· Alt 2: UE needs to perform fallback mechanism.

· For option 2, upon cell change, UE needs to perform fallback mechanism.

· Whenever the R17 coverage-based carrier criteria is met, UE uses the R17 coverage based carrier, otherwise UE should use the fallback mechanism

· For both options, fall back carrier is legacy paging carrier based on UE_ID


One of the fundamental issue sourcing company sees with both options (UE based or network based paging carrier selection) is how a suitable UE specific paging carrier is determined. The overall aim of this feature is to reduce the maximum number of repetitions UE needs to attempt to decode the page. 
The second issue still to address is how does UE select paging carrier upon cell reselection or coverage change.
Sourcing company has provided an approach in RAN2#113bis-e [3] for both issues. This contribution provides example field data to demonstrate the issues further and proposals to progress both issues.
2 Discussion
2.1 Field data
Field logs were taken in stationary condition over >12-hour duration for two networks located in different geographical locations. This section shows the variation on the radio conditions experienced by a static UE. 
2.1.1 Network A
The NPDCCH performance data for a static UE taken over ~17 hours (~15:00 to ~08:00) in network A is shown in Figure 1.
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Figure 1 NPDCCH decode performance in network A
The NRSRP & SINR variation over the period is shown in Figure 2.
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Figure 2 NRSRP & SINR over time in network A

The wide variation in NRSRP, hence the number of repetitions required to decode NPDCCH was due to a number of cell reselections. For >80% of the time UE was camped on one of two cells and the NPDCCH decode stats for these two cells are shown in Table 1.

Table 1 NPDCCH decode stats in network A
	
	Cell 1
	Cell 2

	Repetitions
	#
	as %
	#
	as %

	1
	0
	0.0
	0
	0.0

	2
	0
	0.0
	0
	0.0

	4
	0
	0.0
	7
	0.2

	8
	0
	0.0
	5
	0.2

	16
	796
	59.8
	2746
	92.2

	32
	535
	40.2
	219
	7.4

	64
	0
	0.0
	0
	0

	128
	1
	0.1
	0
	0

	Rmax: 128, Paging cycle 10.24sec.


The variation in the radio conditions experienced by the UE in each these two cells are shown in Figure 3. Note the 
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Figure 3 NPDCCH decode performance in network A in two cells

For this UE in network A, ~83% of the NPDCCH decodes required at most 16 repetitions while ~100% of the NPDCCH decodes required up to 32 repetitions. Therefore, the default Rmax of 128 is significantly over-configured for this UE.
2.1.2 Network B 

For UE in network B the NPDCCH decode performance for a static UE taken over ~14 hours (~17:30 to ~07:30) is shown in Figure 4. Unlike UE in network A, there are no cell reselections and UE remained camped on the same cell during the data gathering period.
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Figure 4 NPDCCH decode performance in Network B
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The NRSRP & SINR variation over the period is shown in Figure 5.

Figure 5 NRSRP & SINR over time in Network B
Table 2 NPDCCH decode stats in network B
	Repetitions
	#
	as %

	1
	8441
	44.4

	2
	0
	0

	4
	169
	0.9

	8
	10264
	54

	16
	85
	0.4

	32
	57
	0.3

	Rmax: 256, Paging cycle: 2.56sec


For this UE in network B, ~100% of the NPDCCH decodes required at most 8 repetitions hence the default Rmax of 256 is significantly over-configured.
2.2 Observations
These two real-world observations clearly demonstrate the number of repetitions needed to decode ~90% of NPDCCHs by a stationary UE can vary considerably over a long period (e.g., ~12 hour). Depending on the radio condition and cell reselection configuration parameters, static UE may even perform cell reselection. Therefore, making decision on paging carrier based on one PO or a short-term measurement i.e. during connected state, would not be sufficient.
Observation 1: Over a long term, a stationary UE can experience considerable variation in radio conditions.
Proposal 1: Use long term UE specific paging NPDCCH decode metrics to determine optimal Rmax.

Observation 2: Depending on radio conditions a stationary UE can perform cell reselection or change coverage level.

Considering that even for a static UE coverage level can change or a static UE reselects to another cell then mechanism for paging carrier selection should avoid increased paging resource usage and/or increased paging latency. Furthermore, after cell reselection it can not be guaranteed that coverage level in the new cell be suitable for the negotiated Rmax. 
Proposal 2: Upon coverage level degradation or upon cell reselection use fallback mechanism (i.e., use legacy scheme for paging carrier selection).
As with WUS, if UE returns to the original cell, without performing any dedicated signaling, where UE specific paging carrier was used and in that cell the radio conditions are suitable to use UE specific paging carrier then UE uses the UE specific paging carrier.
Proposal 3: Upon return to cell for which UE specific paging carrier is configured without perform dedicated signaling in other cells the UE may continue to use UE specific paging carrier if coverage level is suitable to use UE specific paging carrier.

2.3 Gathering and using paging carrier metrics
The real-world paging decode metrics for a stationary UE shows that NRSRP, SINR hence the number of repetitions required to decode NPDCCH can very considerable over a long period e.g. over ~12 hours. Therefore, to determine which coverage-based paging carrier can provide sufficient paging reception performance, e.g., at least 90% of NPDCCH’s must be decodable, then UE should gather paging metrics over a long period e.g. 24-hours. Otherwise the UE may not be configured with paging carrier using too few or too many repetitions hence the benefit of this feature will not be fully realized by maximum number of UEs.
Proposal 4: UE metrics should be gathered over a period of at least 24-hours for the paging carrier selected according to legacy scheme.
Proposal 5: The UE metrics for each paging occasion should be NRSRP and NPDCCH repetitions.

Proposal 6: From the gathered metrics, UE then determines the minimum number of repetitions required to decode at least 90% of the paging occasions.
For option 1 (i.e., UE selects one paging carrier from the configured coverage-based paging carriers) UE then selects a paging carrier in this cell that has the lowest Rmax but the Rmax is equal to or higher than the minimum repetitions determined by the UE.
For option 2 (i.e., network decides what paging carrier to configure), UE reports to the network the minimum number of repetitions required when using legacy carrier and network then use this information to determine the suitable UE specific paging carrier to configure to this UE in this cell.
Summary

This document demonstrates the variation in radio conditions hence number of NPDCCH repetitions required for paging for a stationary UE over a long period. This field data leads to following observations:
Observation 1:
Over a long term, a stationary UE can experience considerable variation in radio conditions.
Observation 2:
Depending on radio conditions a stationary UE can perform cell reselection or change coverage level.


From above observations we arrive at the following proposals to progress this WI objective:
Proposal 1:
Use long term UE specific paging NPDCCH decode metrics to determine optimal Rmax.
Proposal 2:
Upon coverage level degradation or upon cell reselection use fallback mechanism (i.e., use legacy scheme for paging carrier selection).
Proposal 3:
Upon return to cell for which UE specific paging carrier is configured without perform dedicated signaling in other cells the UE may continue to use UE specific paging carrier if coverage level is suitable to use UE specific paging carrier.
Proposal 4:
UE metrics should be gathered over a period of at least 24-hours for the paging carrier selected according to legacy scheme.
Proposal 5:
The UE metrics for each paging occasion should be NRSRP and NPDCCH repetitions.
Proposal 6:
From the gathered metrics, UE then determines the minimum number of repetitions required to decode at least 90% of the paging occasions.
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