3GPP TSG RAN WG2 #114-e
Tdoc R2-2105919

Online, 19 – 27 May 2021


Agenda Item:
9.1.3
Source: 
Qualcomm Incorporated
Title:    
Considerations on the two paging carrier selection schemes
Document for:

Discussion and decision
1 Introduction
RAN2 has made some progress on following Release 17 work-item objective[1]:

•
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]
The related agreements reached on this WI objective up to end of RAN2#113bis-e [2], are listed in the table below. Note, there were no new agreements makde at RAN2#113bis-e.
	RAN2#111-e agreements:
· Paging carrier selection Improvements based on CE level is considered

· Paging carrier selection Improvements based on DRX cycle may be considered

· whether DRX cycle is considered as part of CE level (Rmax) or can be also considered separately

· Enhancements for NPRACH Carrier selection carrier may be considered

· Paging carrier selection Improvements solely based on WUS or GWUS is not considered

· FFS service based
RAN2#113-e agreements:
· Select between one of the options:

· Option 1: UE selects a paging carrier based on a rule configured by the network

· Option 2: NW configures a specific paging carrier

· Working assumption: For both options, when coverage changes, mechanism that requires UE to report the update of coverage is not introduced. 


During RAN2#113bis-e meeting an email discussion was conduted with the aim to decide between the two options but no agreements could be reached [5]. This paper provides further thoughts on coverage-based paging carrier selection, compares the two options by considering the detailed procedures.
2 Discussion
This section considers further limitations on coverage-based paging carrier selection and considers the two options in detail. Following terminology is used in the rest of this document:

-
Legacy paging carrier: this means paging carrier selected as per Release 16 specification.

-
Alternative paging carrier: this means paging carrier selected as per the new algorithm (to be) defined in Release 17.

2.1 Maximum coverage level for coverage-based paging carrier
Following legacy specification, all the paging carriers must be able to deliver reliably a paging message in the entire cell [6]. Furthermore, a non-anchor carrier for paging cannot have higher coverage level than anchor carrier because UE must be able to receive BCCH (e.g. receive MIB-NB [3]), and this is transmitted only on the anchor carrier, before it can initiation access. Reminder that power boost and Rmax are the two controls in the legacy specification to provide flexibility to the network so that it can make sure the non-anchor paging carrier has the same coverage level as the anchor carrier [6]. Also note that at maximum the non-anchor paging carrier can be power boosted by 3dB (see nrs-PowerOffsetNonAnchor-r14 in [3]) while it can have much lower power than anchor carrier.
The above reasoning means that coverage-based paging carrier cannot have higher coverage level than anchor carrier hence the view that network can power boost some paging carriers to improve coverage relative to anchor carrier is not a practical option [7].
Observation 1: Coverage-based paging carrier cannot have higher coverage than anchor carrier.

If a coverage-based paging carrier has same coverage level as the anchor carrier, which based on the above also implies coverage-based paging carrier has same coverage level as non-anchor paging carriers, then there is no benefit to have coverage-based paging carriers.

Observation 2: Coverage-based paging carriers not beneficial if they have the same coverage level as legacy paging carriers. 

The only option then left is for the coverage-based paging carrier to have lower coverage level than coverage level supported by legacy paging carriers. 
Proposal 1: Coverage-based paging carrier always has lower coverage level than legacy paging carriers.
Of course, DRX based paging carrier selection can be useful even if the paging carrier supports the same coverage level as the legacy paging carriers but then this is not a coverage-based paging carrier selection.
2.2 Option 1: UE selects a paging carrier based on a rule configured by the network
This section considers how Option 1 would work.

2.2.1 Option 1 Overview
The procedures involved in Option 1 are depicted in Figure 1.
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Figure 1: Option 1 overview
Step 1:
Upon cell selection UE selects paging carrier following legacy paging carrier selection criteria.

Step 2:
The network broadcasts list of paging carriers that support coverage level lower than the maximum coverage level supported in the cell. This means:

· The coverage-based paging carrier is not the anchor carrier as this paging carrier is used by legacy UEs hence must support same maximum coverage level as the cell.
· The coverage-based paging carrier is not any of the non-anchor paging carriers in the DL-ConfigCommonList-NB-r14 as these paging carriers are used by legacy UE hence this list of paging carriers must also support the same maximum coverage level as the cell.


The coverage-based paging carrier list needs to have the following constraints:

· The coverage-based paging carrier is not the anchor carrier as this paging carrier is used by legacy UEs hence must support same maximum coverage level as the cell.

· The coverage-based paging carrier is not any of the non-anchor paging carriers in the DL-ConfigCommonList-NB-r14 as these paging carriers are used by legacy UE hence this list of paging carriers must also support the same maximum coverage level as the cell.
Step 3:
UE determines that the selected paging carrier has too excessive repetitions. Details how the UE does this can be found in [6], or following some other criteria. UE then determines a more suitable paging carrier based on the broadcast information. For example, UE selects an alternative paging carrier with Rmax such that: Rmaxdetermined <= Rmaxalterntive carrier < Rmaxlegacycarrier, where
1. Rmaxdetermined : UE determined Rmax suitable according to it’s coverage experience.

2. Rmaxalterntive carrier : UE preferred alternative paging carrier.

3. Rmaxlegacycarrier : Rmax of the paging carrier selected according to legacy scheme.


If there are more than one paging that fulfils the above criteria, then UE could select one randomly (allows for fair distribution amongst these paging carriers). Note, during RAN2#113-bis it was commented online that in practice it is not likely there will be as many as 15 non-anchor paging carriers configured in a cell,  ~3 non-anchor paging carriers in a cell are more realistic. Remember, anchor paging carrier is mandatory in a cell. Therefore, it is highly unlikely there will be more than one coverage-based paging carriers that are suitable for exactly the same coverage level. To keep low specification and implementation complexity, restriction can be placed that no more than one coverage-based paging carrier shall support a particular coverage level.
Step 4:
When UE initiates RRC connection (full RRC connection, EDT or PUR), UE signals to RAN that it prefers to use an alternative paging carrier.

Step 5:
When RAN releases the UE to idle mode then RAN indicates in the release message whether UE is permitted to use the alternative paging carrier. If RAN indicates to UE it can use the alternative paging carrier then RAN also retains alternative paging carrier ID for future paging.

Step 5:
Upon return to idle, if RAN is permitted UE to use the alternative paging carrier then UE uses that paging carrier for paging reception.

2.2.2 Option 1 Fallback in same cell
If UE has started to use an alternative paging carrier, it may be that coverage degrades making alternative paging carrier unsuitable. Once UE determines the alternative paging carrier is not suitable, the UE switches to monitoring legacy paging carrier without notifying the RAN. Till UE initiates RRC connection, network does not know exactly which paging carrier UE is monitoring hence network would typical page the UE on the alternative paging carrier first and if it gets no response then network would page the UE on the legacy paging carrier, as depicted in Figure 2. Upon receiving page UE then initiates RRC connection establishment and in this case UE does not propose an alternative paging carrier. This is then an indication to the RAN that UE has switched to using legacy paging carrier.
This scheme fits well with the view of some companies that in practice there will be very few paging carriers configured in a cell hence fallback to legacy paging carrier is quite reasonable, and complexity and network needs to page on at most two paging carriers in a cell (the legacy paging carrier and the alternative paging carrier).
Observation 3: With Option 1, fallback to legacy paging carrier in the same cell is a reasonable option.
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Figure 2: Option 1 fallback in same cell – followed by MT connection.
Following similar approach, if UE initiates MO connection after it has switched to using legacy paging carrier then UE also does not propose an alternative paging carrier hence, as with MT case, network from now on starts to use the legacy paging carrier only (see Figure 3).
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Figure 3: Option 1 fallback in same cell – followed by MO connection.

2.2.3 Option 1 cell change
Under normal circumstances, a UE reselects another cell because the other cell is better than the service cell. It is not a normal scenario for two cells to be very strong, especially if they are intra-frequency cells (increases interference). Therefore, it is not generally the case that when UE reselects from one cell to another then the coverage level in the new cell will be significantly better compared to the previous cell. Therefore, the argument that after cell reselection UE in the new cell could select a coverage-based paging carrier with similar characteristics as the coverage-based paging carrier it used/was using in the last call is unlikely to be generally true. Note the arguments listed section 2.1 on why coverage-based paging carrier is not meant to cover the full cell. If UE is allowed to select paging carrier other than legacy paging carrier after cell reselection then it will increase paging load in the neighbour cells because network cannot know whether UE is using the legacy paging carrier in the neighbour cells or UE is using alternative paging carrier Therefore, if UE is restricted to using legacy paging carrier after cell reselection then it has two benefits:

· Paging load in the neighbour cells is not increased.
· Delay in reaching UE is not increased.

Upon cell change the simplest approach is for UE to select legacy paging carrier until it has determined the legacy paging carrier is not optimal and UE has negotiated alternative paging carrier as defined in section 2.2.1. 
Observation 4: With Option 1, upon cell reselection to a new cell fallback to legacy paging carrier is a reasonable option.
2.2.4 Option 1 summary

From the discussion in this section, the Option 1 can be characterised as follows.
1. Coverage based paging carrier information provided in broadcast information.

· The paging carrier information is essentially the same as in DL-ConfigCommonList-NB-r14.
· 
If Rmax is to be used to for paging carrier selection, then no additional information necessary other than a new list DL-ConfigCommonList-NB-r17.
· 
If RSRP is to be used for paging carrier selection, then the RSRP threshold needs to be included in DL-ConfigCommonList-NB-r17
2. Upon cell selection and reselection, UE selects paging carrier following legacy algorithm.
· Exception case is where UE reselected back to a cell where it was using alternative paging carrier when it left that cell and did not complete RRC connection in the new cell.

3. At every RRC connection UE signals alternative paging carrier if that is preferred and upon return to idle only use alternative paging carrier if network confirms; otherwise UE uses legacy paging carrier.
2.3 Option 2: NW configures a specific paging carrier
This section considers how Option 2 would work.

2.3.1 Option 2 Overview
The procedures involved in Option 1 are depicted in Figure 4.
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Figure 4: Option 2 overview

Step 1:
Upon cell selection UE selects paging carrier following legacy paging carrier selection criteria.

Step 2:
The network broadcasts list of paging carriers that support coverage level lower than the maximum coverage level supported in the cell. According to the offline report in [5] there was common understanding that with Option 2, the broadcast signalling will provide information on coverage-based paging carriers e.g. information similar to DL-ConfigCommonList-NB-r14 to minimise dedicated signalling. The constraints on the coverage-based paging carrier are same as in Option 1 (see section 2.2.1).
Step 3:
UE decides to initiate RRC connection. In this case the UE may report idle mode serving cell measurements as per legacy procedure.


Note: How the RAN knows UE supports coverage-based paging carrier selection can be either based on the UE capability or an indication in MSG3.

Step 4:
When RAN releases the UE to idle mode then RAN indicates to the UE the criteria for selecting coverage-based paging carrier. The criteria can be a one or more of the following:

· Paging carrier specific Rmax

· Paging carrier specific coverage level 

· Paging carrier specific DRX
· Paging carrier ID
Step 5:
Upon return to idle, if RAN has provided criteria then UE applies the signalled criteria to select a coverage-based paging carrier.

2.3.2 Option 2 Fallback in same cell
If UE has started to use an alternative paging carrier, it may be that coverage degrades making alternative paging carrier unsuitable. How the UE determines the alternative paging carrier is no longer suitable could be done in similar way for both Option 1 and Option 2. For example, if criteria for paging carrier selection is RSRP then as long as the measured RSRP does not exceed threshold UE can continue to use the coverage-based paging carrier selection. The UE behaviour upon switching to using legacy paging carrier can be same as for Option 1 and this is depicted in Figure 5 and Figure 6. 
With Option 2, network could also indicate a fallback paging carrier to use when UE determines alternative paging carrier is unsuitable. If in practice there may be only a few paging carriers configured in a cell then it does not really make sense for UE to fallback to a paging carrier other than legacy paging carrier. Therefore, as with Option 1, the sensible option is for UE to fallback to legacy paging carrier.

Observation 5: With Option 2, fallback to legacy paging carrier in the same cell is a reasonable option.
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Figure 5: Option 2 fallback in same cell – followed by MT connection.
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Figure 6: Option 2 fallback in same cell – followed by MO connection.
2.3.3 Option 2 Cell change
The same arguments as for Option 1 apply for paging carrier selection upon cell reselection, see section 2.2.3.

Observation 6: With Option 2, upon cell reselection to a new cell fallback to legacy paging carrier is a reasonable option.
2.3.4 Option 2 summary

From the discussion in this section, the Option 2 can be characterised as follows.

1. Coverage based paging carrier information provided in broadcast information.

· The paging carrier information is essentially the same as in DL-ConfigCommonList-NB-r14.
· If Rmax is to be used to for paging carrier selection, then no additional information necessary other than a new list DL-ConfigCommonList-NB-r17.
· If RSRP is to be used for paging carrier selection, then the RSRP threshold needs to be included in DL-ConfigCommonList-NB-r17
2. Upon cell selection and reselection, UE selects paging carrier following legacy algorithm.

· Exception case is where UE reselected back to a cell where it was using alternative paging carrier when it left that cell and did not complete RRC connection.

3. At return to idle only use alternative paging carrier if network signalled criteria for coverage-based paging carrier selection; otherwise UE uses legacy paging carrier.

2.4 Comparison of Option 1 and Option 2

Based on the discussions in earlier sections, the similarities and differences between Option 1 and Option 2 are summarised in Table 1.
Table 1 Comparison of Option 1 and Option 2
	Characteristic
	Option 1
	Option 2

	Coverage-based paging carrier information provided in broadcast signalling.
	Yes
	Yes

	UE capability needed for coverage-based paging carrier.
	Not necessary
	Yes

	UE indicates preferred paging carrier.
	Yes
	No

	UE sends serving cell measurements for coverage-based paging carrier selection.
	No
	Yes

	Network authorises UE to use preferred paging carrier.
	Yes
	No

	Network provides criteria for coverage-based paging carrier selection.
	No
	Yes

	Fallback to legacy paging carrier selection upon determining coverage-based paging carrier not suitable.
	Yes
	Yes

	Fallback to legacy paging carrier upon cell reselection.
	Yes
	Yes

	UE has to determine whether coverage-based paging carrier is no longer suitable.
	Yes (Note)
	Yes (Note)


Technically there is very little difference between Option 1 and Option 2 except that with Option 2 it is left to network to decide what coverage-based paging carrier UE should select e.g. network decides one the suitable Rmax, or suitable NRSRP threshold etc. This keeps the specification simpler as the complexity is moved to the network. The key issue is how can network reliably determine which coverage-based paging carrier is suitable for the UE. It has the potential for UE to be configured to a wrong paging carrier and miss pages, or network ends-up paging on both fallback paging carrier and coverage-based paging carrier thus increasing paging load. Of course after some experience with each UE network could adapt the system to work properly but the process will be very slow i.e. if UE is not paged very often or UE does not do data transfer very often then will network have sufficient information to make the correct decision. 
With Option 1, a UE can make own judgement whether the current paging carrier is too good or not good enough and UE can do this even if UE is not paged very often or transfers data very often.
For both Option 1 and Option 2, the real complexity is how does UE decide whether the coverage-based paging carrier it has been configured to has sufficient reliability. Specification will need to have a well-defined criteria for UE to determine whether conditions are suitable to use coverage-based paging carrier or not.
Observation 7: With both Option 1 and Option 2, specification needs to define criteria to determine coverage-based paging carrier is no longer suitable.
Proposal 2: With both Option 1 and Option 2, specification defines UE based criteria to determine coverage-based paging carrier is no longer suitable.
As the UE has to decide, based on a specified criterion, that it should fallback to legacy paging carrier then UE can also decide, based on a specified criterion, which coverage-based paging carrier is suitable. Therefore, it is a relatively extension for UE to select a coverage-based paging carrier.
Proposal 3: Based on specified criteria, UE selects coverage-based paging carrier.
2.5 Determining paging carrier suitability
The issues with paging carrier selection based on short-term metrics such as legacy RSRP was discussed in [6]. In RRC connected state there is a closed-loop operation for network to establish whether the configured dedicated resources are suitable and this closed-loop operates over a relatively short duration i.e. network can get feedback from UE every NPDCCH period in the form of uplink transmission (NPUSCH, HARQ). Considering the paging period can be up to ~3 hours ling and UE may not transmit/receive data on dedicated channels for many days, such a closed-loop mechanism does not exist in RRC idle state. Therefore, a coverage-based paging carrier needs to be selected very carefully to avoid UE missing pages. If UE decides at each PO which paging carrier it should use then this has two consequences:
1. UE will have to make serving cell measurements before it attempts to receive CSS NPDCCH and this is highly undesirable as it increases wake-up period.

2. If network needs to page the UE then to avoid paging delay network will need to page the UE on both the alternative paging carrier and legacy paging carrier and this is not desirable from radio resource usage perspective.

Proposal 4: UE should not be required to determine ahead of every PO whether coverage-based paging carrier is suitable.

The above two consequences can be avoided if coverage-based paging carrier selection is done based on long-term evaluation of the radio conditions actually experienced by the UE.
Proposal 5: Criteria for coverage-based paging carrier selection uses paging carrier evaluation over multiple paging occasions. 
Summary

This document considers the constraints on the coverage-based paging carriers, considers the two options and makes following observations/proposals.
Observation 1:
Coverage-based paging carrier cannot have higher coverage than anchor carrier.
Observation 2:
Coverage-based paging carriers not beneficial if they have the same coverage level as legacy paging carriers.
Observation 3:
With Option 1, fallback to legacy paging carrier in the same cell is a reasonable option.
Observation 4:
With Option 1, upon cell reselection to a new cell fallback to legacy paging carrier is a reasonable option.
Observation 5:
With Option 2, fallback to legacy paging carrier in the same cell is a reasonable option.
Observation 6:
With Option 2, upon cell reselection to a new cell fallback to legacy paging carrier is a reasonable option.
Observation 7:
With both Option 1 and Option 2, specification needs to define criteria to determine coverage-based paging carrier is no longer suitable.


Proposal 1:
Coverage-based paging carrier always has lower coverage level than legacy paging carriers.
Proposal 2:
With both Option 1 and Option 2, specification defines UE based criteria to determine coverage-based paging carrier is no longer suitable.
Proposal 3:
Based on specified criteria, UE selects coverage-based paging carrier.
Proposal 4:
UE should not be required to determine ahead of every PO whether coverage-based paging carrier is suitable.
Proposal 5:
Criteria for coverage-based paging carrier selection uses paging carrier evaluation over multiple paging occasions.
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