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Discussion and decision
1 Introduction
During RAN2#115-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]
This document proposes how to progress the following agreement and and open issue.
	RAN2#114-e agreements:
· Use a hysteresis/longer averaging/timer for UE metric based on NRSRP.

· FFS whether to introduce new UE report and/or whether to mandate support of existing Msg5 reporting.


2 Discussion
2.1 Paging carrier switching
Field data for stationary UE shows the radio conditions can change significantly over a long period (e.g., 12 hours), requiring up to factor of 8 higher repetitions to achieve ~90% successful NPDCCH decodes as shown in Table 1.

Table 1 NPDCCH decode stats in network A & B, extracted from [4]
	
	Network A
	Network B

	
	Cell A1
	Cell A2
	Cell B1

	Repetitions
	#
	as %
	#
	as %
	#
	as %

	1
	0
	0.0
	0
	0.0
	8441
	44.4

	2
	0
	0.0
	0
	0.0
	0
	0

	4
	0
	0.0
	7
	0.2
	169
	0.9

	8
	0
	0.0
	5
	0.2
	10264
	54

	16
	796
	59.8
	2746
	92.2
	85
	0.4

	32
	535
	40.2
	219
	7.4
	57
	0.3

	
	Rmax: 128, Paging cycle 10.24sec.
	Rmax: 256, Paging cycle: 2.56sec


While the WI objective is to enable configuration of one or more paging carriers that do not support the same coverage level as legacy paging carrier(s) but the objective is not to compromise on reachability performance.

Frequent switching between legacy paging carrier and coverage-based paging carrier can have negative impact on reachability and lead to increase in both paging resource usage and latency. While companies may disagree on what is the exact definition of ‘frequent switching’ but in the extreme case ‘frequent’ could mean UE switches to a different paging carrier to that it used for the last paging occasion or last eDRX cycle (if it is assumed UE uses the same paging carrier during the PTW) as depicted in Figure 1.
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Figure 1: Frequent paging carrier switching
While this may be an extreme case i.e., majority of UEs in a cell do not operate as depicted, but from a UE perspective such a behaviour is highly undesirable for the following reasons:
1. It can lead to missed pages if the network does not page UE simultaneously on both paging carriers in a cell.

2. If the coverage-based paging carrier supports a different DRX cycle than legacy paging carrier then frequent paging carrier can heave negative impact on paging strategy and RRM measurements.

3. Frequent fallback to legacy paging carrier by eNB can also increase false wake-up for legacy UEs.

Note, NRSRP is a short-term measurement e.g., it can be just an average of 2 samples separated by half of a DRX cycle [5]:

“The UE shall filter the NRSRP and NRSRQ measurements of the NB-IoT serving cell using at least 2 measurements. Within the set of measurements used for the filtering, at least two measurements shall be spaced by, at least DRX cycle/2.” 
An example of real-world measured NRSRP over 100 DRX cycles is shown in Figure 2.
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Figure 2: Measure NRSRP over multiple DRX cycles
Assume that the variation in the measured NRSRP of the different paging carriers will be similar and the UE’s first measured NRSRP is used to set determine which, if any, coverage-based paging carrier is suitable and after that this threshold is used to determine which of the two paging carriers to use.

If the paging carrier specific threshold is set to -110dBm (i.e., this paging carrier can be used by a UE who’s measured NRSRP >= -110dBm, then 3% of paging occasions are below -110dBm. If, on the other hand, the paging carrier specific threshold is set to -108dBm then there are significantly more paging occasions below the -108dBm threshold this can lead to delayed and/or missed pages.
Observation 1: Determining coverage-based paging carrier based on single NRSRP measurement can lead to frequent paging carrier switching.

Observation 2: Frequent paging carrier switching can lead to poor paging performance and increased paging resource wastage.

Proposal 1: 
Introduce solution for paging carrier selection that does not lead to frequent switching between legacy and coverage-based paging carrier.

One approach to prevent frequent switching between different paging carriers is to apply hysteresis similar to that applied to serving cell.
While such a scheme can reduce the frequent ping-pong between paging carriers but, unlike with cell reselection, while UE is monitoring the coverage-based paging carrier and the coverage level is below the threshold needed to remain on this paging carrier then it is highly likely UE could miss pages. While it’s true a UE in deep coverage or at the edge of a cell can at times miss pages but that affects a small proportion of UEs whereas with coverage-based paging many more UEs can be affected. Hysteresis will cause the UE to ‘stick’ to the selected paging carrier for longer period and if this is a coverage-based paging carrier then it is quite possible UE can miss pages. 
Observation 3: Only using hysteresis for paging carrier switching can also lead to missed pages.
Negative impact on paging performance due to hysteresis can be minimized by ensuring there is reasonable headroom e.g., the coverage-based paging carrier can still be usable when the serving cell is 6dB lower than the required coverage level to select the paging carrier. Larger the headroom, the lower the benefit of coverage-based paging carrier.
Considering the example of real world measured NRSRP shown in Figure 2, it would be beneficial for UE to consider the measured NRSRP over many paging occasions. For example, if UE had considered the measured NRSRP over 100 paging occasions then it would have determined that a coverage-based paging carrier needs to support NRSRP as low as -110 dBm to minimize frequent paging carrier switching.
Proposal 2: 
The initial threshold for coverage-based paging carrier selection must be determined over longer period than 10s of seconds.

Based on the above analysis the legacy serving cell measurement report is not suitable hence new report is needed.

Proposal 3: UE and network continue to use legacy paging carrier in a cell until a coverage-based paging carrier has been negotiated.

Proposal 4: 
For option 2a, introduce new measurement report to carry the initial threshold for coverage-based paging carrier selection.
Assuming with option 2a coverage-based paging carrier information in broadcast signalling does not have the minimum NRSRP then the measurement UE sent to the network is also used for paging carrier switching.

Proposal 5: For option 2a, initial threshold is also used for paging carrier switching.

Assuming with option 1c coverage-based paging carrier information in broadcast signalling does have the minimum NRSRP then if there is a coverage-based paging carrier compatible with the measurement, the UE can just send the index of this paging carrier to the network and UE uses the NRSRP associated with this coverage-based paging carrier as the threshold for paging carrier switching.

Proposal 6: For option 1c, UE indicates the index of the coverage-based paging carrier compatible with the determined initial threshold.

Proposal 7: For option 1c, network indicates to the UE whether it is allowed to select the coverage-based paging carrier it indicated to the network.
Proposal 8: For option 1c, the coverage level configured for the UE determined paging carrier is used for paging carrier switching.
Once UE has selected a coverage-based paging carrier, then to avoid frequent switching between paging carriers there needs to be hysteresis. This is so that UE does not switch paging carrier just based on one or two NRSRP measurements. 

Proposal 9: Introduce hysteresis to avoid frequent paging carrier switching.

For option 2a (NW indicates the carrier to use explicitly via dedicated signalling based on information determined within the NW) it is clear network needs to receive serving cell measurements from the UE and RAN2 agreed to have this measurement in MSG5. But it should also be possible for network to receive such measurements during EDT and be able to signal a coverage-based paging carrier.
Proposal 10: UE should be able to include serving cell measurement for paging carrier selection during EDT procedure.

Proposal 11: Network should be able to indicate coverage based paging carrier during EDT procedure.

For 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), it should also be possible to exchange information between UE and network for coverage-based paging carrier selection during EDT procedure.
Proposal 12: For option 1c, it should be possible to exchange information between UE and network for coverage-based paging carrier selection during EDT procedure.

Summary

This document highlights that using short term measurement such as the legacy NRSRP can lead to frequent switching between paging carriers, and this will in turn lead to poor paging performance and paging resource usage.
Observation 1:
Determining coverage-based paging carrier based on single NRSRP measurement can lead to frequent paging carrier switching.
Observation 2:
Frequent paging carrier switching can lead to poor paging performance and increased paging resource wastage.
Observation 3:
Only using hysteresis for paging carrier switching can also lead to missed pages.


From above observations we arrive at the following proposals to progress this WI objective:
Proposal 1:
Introduce solution for paging carrier selection that does not lead to frequent switching between legacy and coverage-based paging carrier.
Proposal 2:
The initial threshold for coverage-based paging carrier selection must be determined over longer period than 10s of seconds.
Proposal 3:
UE and network continue to use legacy paging carrier in a cell until a coverage-based paging carrier has been negotiated.
Proposal 4:
For option 2a, introduce new measurement report to carry the initial threshold for coverage-based paging carrier selection.
Proposal 5:
For option 2a, initial threshold is also used for paging carrier switching.
Proposal 6:
For option 1c, UE indicates the index of the coverage-based paging carrier compatible with the determined initial threshold.
Proposal 7:
For option 1c, network indicates to the UE whether it is allowed to select the coverage-based paging carrier it indicated to the network.
Proposal 8:
For option 1c, the coverage level configured for the UE determined paging carrier is used for paging carrier switching.
Proposal 9:
Introduce hysteresis to avoid frequent paging carrier switching.
Proposal 10:
UE should be able to include serving cell measurement for paging carrier selection during EDT procedure.
Proposal 11:
Network should be able to indicate coverage based paging carrier during EDT procedure.
Proposal 12:
For option 1c, it should be possible to exchange information between UE and network for coverage-based paging carrier selection during EDT procedure.
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