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Introduction
In Rel-17 one of the objectives in the WID is:
· 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]

In RAN2#111-e the below agreements were made:
	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




in RAN2#113-e
	· 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
· Paging carrier selection Improvements solely based on WUS or GWUS is not considered
· FFS service based
· 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.



in 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




In this contribution we further clarify some key aspects for carrier selection and give a summary of comparison between option 1 and option 2.
[bookmark: _Ref178064866]Discussion
Rel-17 Paging Carriers and Legacy Paging Carriers Exclusive
In RAN2#114-e, the allocation of paging carriers between Rel-17 carriers and legacy carriers are discussed, and the agreement below is made:
· Rel-17 paging carriers and the legacy paging carriers should be exclusive.

Regarding the agreement above, there seems to be a missing/overlooked aspect. A Rel-17 paging carrier may be allocated to a UE which is expected to be in deepest coverage supported in the serving cell. This Rel-17 paging carrier can as well be one of the legacy paging carriers which is supposed to support the maximum number of repetitions in the cell based on the supported coverage enhancement level in the serving cell. We assume that the intention was not to rule out this configuration option and propose to adjust the wording of the agreement accordingly.
[bookmark: _Ref78791415][bookmark: _Toc79071458]	Rel-17 paging carriers and the legacy paging carriers should be exclusive when Rmax values are different.

DRX support for carrier selection
Except the paging carrier selection based on coverage level, RAN 2#114-e further discussed if DRX should be considered. For option 2, companies agreed that it is natural to consider DRX, while for option 1, an FFS is reached:
· FFS: For option 1, whether DRX can be part of the carrier selection criteria

In general, coverage level-based carrier selection is targeted to achieve shorter paging latency and lower UE power consumption. It is beneficial to consider combination of coverage level and DRX configuration when selecting paging carrier with short Rmax and short DRX cycle. Besides, DRX configurations is also listed in the WID, so it should be within the scope and should be considered.
To cope with the case for UEs with short UE specific DRX cycle in deep coverage, it is reasonable that paging carrier selection should on first level based only on coverage level, then if possible, on second level based on carrier specific DRX configuration. 
For Option 2, when NW decides, the carrier, it can consider multiple options an done of them can be DRX. However, for Option 1 it is unclear as how multiple metric can be used/combined to select a carrier. Option 1 may have difficulty in considering multiple aspects which will make it complex on the UE side and may risk in mis-match between where NW expects UE to monitor and where UE is actually monitoring.
[bookmark: _Ref75785053][bookmark: _Toc79071459]Solution supporting DRX is given weightage while doing down-selection between two Options.
Measured RSRP as UE metric
In RAN2#114-e, regarding the question “How does UE select carrier, based on what criteria and metrics?”, the agreement below is reached on UE metric to determine carrier suitability and to select paging carrier:
· Working assumption: UE metric for determining carrier suitability and selection is based on measured NRSRP. FFS whether to use a hysteresis/longer averaging/timer

The measurement model defined in 36.300 is copied here for reference:


[bookmark: _Ref75182317]NRSRP measurement has internal layer 1 filtering, which is implementation dependent, and is not constrained by the standard. Similar with the NRSRP measurement for mapping of the PRACH resources into coverage levels, NRSPR measurement should follow the requirement defined in 36.133. Moreover, as there is no higher layer filtering in RRC_IDLE mode, it should be enough to use current L1 filtering framework and requirement and it should not introduce additional longer averaging or timer. Another reason is longer timer will bring long paging delay when channel condition changes extremely. 
To prevent ping-pong between Rel-17 paging carriers and legacy paging carriers, a simple RRC configurable NRSRP offset hysteresis can be considered. 
[bookmark: _Toc79071460][bookmark: _Ref75784935]Confirm the WA: UE metric for determining carrier suitability and selection is based on measured NRSRP. 
[bookmark: _Toc79071461]No need to introduce NRSRP longer averaging/timer. 
[bookmark: _Ref75784949][bookmark: _Toc79071462]Introduce RRC configurable NRSRP hysteresis to avoid ping-pong.
Signaling

RRC Release (CEL/Rmax)
Paging (CEL/Rmax)
Provide CEL/Rmax


From signaling aspect, there is not much difference between option 1 and option 2. 
In RAN2#114-e, a consensus on S1AP/NGAP is reached:
· [bookmark: _Toc79071463]RAN2 assumes S1AP/NGAP update is not needed.
For both option 1 and option 2, only RRC signaling update is needed.
[bookmark: _Ref75784954][bookmark: _Toc79071464]	For both options, RRCConnectionRelease-NB update is needed to include information of CEL/Rmax for optin 1 or dedicated paging carriers for option 2.
[bookmark: _Ref75784962][bookmark: _Toc79071465]	For both options, UEPagingCoverageInformation-NB update is needed to include information of CEL/Rmax for option 1 or dedicated paging carriers for option 2 between MME and eNB.

In RAN2#114-e, one FFS is left as:
· 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
Based on the agreement, for both options, NW will provide the final determined CEL/Rmax or dedicated paging carrier. The report from UE should be considered optional as at times UE may not have the report (e.g. while operating in low power) and further not all UE may have the capability to provide the report. Further NW would have better insight as how each carrier is performing based upon e.g. UL RSSI, quality report of different carriers and evaluations of different carriers based upon traffic load/distribution. Thus, if there is a report from the UE, it should be optional and not tied to a pre-requisite condition to support the Rel-17 paging carrier selection functionality, and NW should be allowed to overwrite the suggestions from the UE’s report based on NW’s evaluation.
If report from UE is agreed to be optional, then further discussion is needed on which metric should be reported, NRSRP, suggested paging carrier or estimated CEL/Rmax. Besides, UE report can be provided via UE assistance information signaling framework with a restriction so that the UE is not able to report frequently, similarly with RLM events report via UE assistance information framework. 
[bookmark: _Ref75784970][bookmark: _Toc79071466]For both options, UE report can be supported only if it is optional and not frequent.
Load balance
If paging carrier selection is purely based on coverage information, i.e. not considering other factors, e.g. DRX configuration. With option 1, for load balance between Rel-17 paging carriers and legacy paging carriers, it can be achieved by SIB configuration. For load balance among Rel-17 paging carriers with different CE levels, it can be achieved together by SIB configuration and NW dynamic control. As NW will decide the coverage information to the UE, NW has the possibility to assign a higher CEL/Rmax to the UE for load balance reason. For load balance among the Rel-17 paging carriers within same CE level, UE_ID based method can be used as in legacy paging carrier load balance scheme.
However, if paging carrier selection is to consider other factors, e.g. DRX configuration, then 2-level paging carrier selection may be adopted. If so, for load balance among Rel-17 paging carriers within same CE level, in real implementation, the number of paging carrier is limited, then the DRX configuration will be a major factor to choose paging carriers within this CE level, and there will be less room left for UE_ID based load balance. 
For option 2, NW can dynamically and combinedly control load balance among Rel-17 paging carriers with different CE levels and also among Rel-17 paging carriers within same CE level. Moreover, except coverage information and DRX configuration, NW has other observability such as UE paging performance, paging success rate KPIs per carrier, UL RSSI, quality report of different carriers etc, which can be utilized additionally for load balancing.
Therefore, from load balancing perspective, option 2 is better for achieving load balancing, and it’s extendable for future improvement by NW implementation. 
[bookmark: _Ref75784902][bookmark: _Toc79071352]From load balancing perspective, option 2 is better for achieving load balancing, and it’s extendable by NW implementation. 
In previous meeting, there are views that option 2 cannot handle the case when NW removes a carrier from the list for a certain Rmax. This is not true, first of all, the possibility of system information change is small, and if it happens, UE can fall back to legacy paging carrier, which is easy and straightforward. On the other hand, when there is paging or direct indication on SIB change, option 1 cannot use the former paging carrier to receive this paging or direct indication message, it should also need to fall back to legacy paging carrier. The only difference is that, after this SI change paging or direct indication message, option 1 can choose another paging carrier from the list for the former certain Rmax if UE’s coverage level is not changed, while for option 2, UE should stick to the legacy paging carrier. After all, as the SI change possibility is small, this should not be a problem.
Another solution for this problem for option 2 is that it can simply be addressed by assigning an index number to each carrier so that the NW can assign the index number to a UE and when a carrier has to be replaced with another one only the mapping between the index value and the paging carrier needs to be changed. The mapping can be broadcasted in the serving cell.
[bookmark: _Ref75784914][bookmark: _Toc79071353]Removing a paging carrier will impact both solutions (Option1 and Option 2). Fallback mechanism can be applied in such case. However, change in system information is rare.
Cell change
In RAN2#114-e, regarding cell change, the following agreements are achieved. A consensus is reached for option 2, while for option 1, there is an FFS left:
· [bookmark: _Toc79071467]For option 1, upon cell change, FFS: 
· [bookmark: _Toc79071468]Alt 1: based on previously determined CEL and broadcasted paging carrier configuration in the new cell.
· [bookmark: _Toc79071469]Alt 2: UE needs to perform fallback mechanism.
In previous meeting, some companies assume that there is high possibility that UE’s coverage is not changed even cell is changed, and the previously determined CEL can be used in the new cell. However, we think that possibility can not be predictable, there is no guarantee that the UE will have the same CEL/Rmax in another cell. If the required Rmax in the new cell is larger than the previously determined Rmax from last cell, then UE cannot be paged in the new cell using the previously determined Rmax, and it need to fall back to legacy paging carrier later. In this case, there will be paging latency and resource waste. Moreover, if DRX is to be considered, as the number of paging carriers is limited, and different cells may have different paging configurations, even if these two cells both have paging carriers with similar Rmax configuration, they may not have similar DRX configuration. Further, the communication between the legacy cell and the new cell maybe needed before making the assessment regarding if the previously determined CEL can be used in the new cell, which will make things even more complex
Thus, we think that for option 1, upon cell change, Alt 1 will make things complex considering the limited benefit UE may get. So, Alt 2 is suggested to be used upon cell change.
[bookmark: _Ref75784974][bookmark: _Toc79071470]For option 1, upon cell change, Alt 2 should be adopted: UE needs to perform fallback mechanism.
Conclusion
[bookmark: _In-sequence_SDU_delivery]In the previous sections we made the following observations: 
Observation 1	From load balancing perspective, option 2 is better for achieving load balancing, and it’s extendable by NW implementation.
Observation 2	Removing a paging carrier will impact both solutions (Option1 and Option 2). Fallback mechanism can be applied in such case. However, change in system information is rare.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Rel-17 paging carriers and the legacy paging carriers should be exclusive when Rmax values are different.
Proposal 2	Solution supporting DRX is given weightage while doing down-selection between two Options.
Proposal 3	Confirm the WA: UE metric for determining carrier suitability and selection is based on measured NRSRP.
Proposal 4	No need to introduce NRSRP longer averaging/timer.
Proposal 5	Introduce RRC configurable NRSRP hysteresis to avoid ping-pong.
Proposal 6	For both options, RRCConnectionRelease-NB update is needed to include information of CEL/Rmax for optin 1 or dedicated paging carriers for option 2.
Proposal 7	For both options, UEPagingCoverageInformation-NB update is needed to include information of CEL/Rmax for option 1 or dedicated paging carriers for option 2 between MME and eNB.
Proposal 8	For both options, UE report can be supported only if it is optional and not frequent.
Proposal 9	For option 1, upon cell change, Alt 2 should be adopted: UE needs to perform fallback mechanism.
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