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1 Introduction
New Rel-17 work item on additional enhancements for NB-IoT and eMTC was approved at RAN#86-e and revised at RAN#88-e [1]. One of the objectives in the WID is to introduce carrier specific configuration:

· 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 following agreements were made for paging/NPRACH carrier selection improvements in the previous RAN2 meeting [2]:

	· 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


This document summaries the following documents submitted to RAN2#113e on carrier selection improvements:


R2-2100326

Paging carriers configuration and selection


ZTE Corporation, Sanechips
R2-2100512

Paging carrier selection procedure based on CEL

Nokia, Nokia Shanghai Bell
R2-2100671

Further discussion on enhanced paging carrier selection and NPRACH carrier selection













Spreadtrum Communications
R2-2101044

Paging carrier selection improvements



Huawei, HiSilicon
R2-2101156

Support for NB-IoT carrier selection based on the coverage level 
Qualcomm Incorporated
R2-2101395

NB-IoT carrier selection and configuration based on coverage level

Ericsson
R2-2101839

Carrier selection enhancement




MediaTek Inc.
2 Discussion
This document aims to have overview on general solution based on above contributions, including the following aspects:

· Paging carrier selection:

· For coverage based paging carrier selection:

· What coverage related information to use for paging carrier selection

· How to determine paging carrier

· “Fall back” mechanism when cell/coverage changes
· CN impact

· DRX based paging carrier selection
· The support of service based paging carrier selection

· What to do for NPRACH carrier selection
2.1 Paging carrier selection
2.1.1 Coverage based paging carrier selection

2.1.1.1 What coverage information to use for coverage based paging carrier selection
Regarding whether to use RAN level or NAS level coverage information, the following proposals were made:

	R2-2100326 (ZTE):
Proposal 2a:  For CEL-based paging carrier selection, the coverage level information should be an AS layer (RAN level) parameter other than NAS layer parameter, e.g., this coverage level information is not negotiated between UE and MME/AMF.

	R2-2100512 (Nokia):

Proposal 2: CEL information in terms of number of repetitions for NPDCCH used at the time of RRC connection Release is stored at UE and used for paging carrier selection at the time of paging carrier monitoring. FFS whether this value is explicitly signaled or deduced by UE on release of RRC connection.

	R2-2101044 (Huawei, HiSilicon):
Proposal 1:
RAN level coverage information is used to determine the paging carrier in the last used cell.

	R2-2101156 (Qualcomm):
Proposal 2:
RAN2 discuss whether RAN1 and/or RAN4 should be asked suitability of physical layer metric based on NPDCCH BLER for paging carrier selection.

	R2-2101395 (Ericsson): No explicit proposal but in the contribution:
“2.
The eNB assigns a new paging carrier different from the one based on UE_ID to the UE in connected mode or during connection establishment, whose attributes (e.g. Rmax) can be provided in a dedicated message and/or broadcasted signaling.”

	R2-2101839 (MediaTek):

Proposal 1:  Use NRSRP or estimated NPDCCH BLER  to metic the coverage level.


Based on above information summarised from contributions, it seems all companies support to use RAN level coverage information for paging carrier selection.
Proposal 1: RAN level coverage information is used for paging carrier selection.
2.1.1.2 How to determine paging carrier based on coverage information
Regarding which RAN level information to use for coverage based paging carrier selection, according to the contributions, we think it depends on how to determine paging carrier. There were two options proposed by companies:
Option 1: The paging carrier is determined by the UE and the eNB according to the same pre-defined rule according to the RAN level information
	R2-2100326 (ZTE):
Proposal 1b: The option that UE and eNB negotiate CEL information and use a same scheme to select paging carrier based on the negotiated CEL information can be further discussed and specified.

	R2-2100512 (Nokia):

Proposal 2: CEL information in terms of number of repetitions for NPDCCH used at the time of RRC connection Release is stored at UE and used for paging carrier selection at the time of paging carrier monitoring. FFS whether this value is explicitly signaled or deduced by UE on release of RRC connection.

Proposal 3: For paging carrier selected based on CEL, the signaling procedure described in Fig 1 is considered as baseline.

In figure 1, “carrier selected based on last known CEL…”


Option 2: The paging carrier is configured by the eNB via dedicated signalling
	R2-2101044 (Huawei, HiSilicon):
Proposal 2:
The eNB configures a paging carrier to the UE via dedicated signalling and the UE monitors paging on that carrier only in the last used cell.

	R2-2101395 (Ericsson):
Proposal 1
Dedicated RRC configuration is introduced to allow the eNB to assign a paging carrier to a UE other than that selected based on UE_ID.


For Option 1, RAN2 needs to choose one RAN level coverage information from companies’ contributions and the mechanism to negotiate the information between the UE and the eNB needs to be discussed also.

Thus, RAN2 needs to decide above two options first regarding how to determine paging carrier for coverage based paging carrier selection.
Proposal 2: RAN2 to decide how to determine paging carrier based on coverage information from the following two options:
· Option 1: The paging carrier is determined by the UE and the eNB according to the same pre-defined rule according to the RAN level information
· Option 2: The paging carrier is configured by the eNB via dedicated signalling
As mentioned above, if Option 1 is agreed, which RAN level information to use for the UE and the eNB to determine paging carrier needs to be decided. The following proposals related to RAN level coverage information were made:
	R2-2100326 (ZTE):
Proposal 2b: The coverage level information can be a certain Rmax/NPDCCH repetitions for decoding NPDCCH evaluated by eNB (Hereafter referred to as Rmax-paging).

	R2-2100512 (Nokia):

Proposal 2: CEL information in terms of number of repetitions for NPDCCH used at the time of RRC connection Release is stored at UE and used for paging carrier selection at the time of paging carrier monitoring. FFS whether this value is explicitly signaled or deduced by UE on release of RRC connection.

	R2-2101044 (Huawei, HiSilicon): No explicit proposal but in the contribution:

“In general, we think there are multiple types of RAN level information that can reflect the coverage of the UE in a cell, including the 3 options discussed in offline [AT112-e][302] and also some other information, e.g.:

· NRSRP (and NRSRQ). Already possible to be reported to the eNB

· CQI. Already possible to be reported to the eNB

· Number of NPDCCH repetitions needed for the UE to decode DCI. Can be estimated by the eNB by implementation

· Number of HARQ NACK received by the eNB for a given number of NPDSCH repetitions. Can be observed by the eNB”


	R2-2101156 (Qualcomm):
Proposal 2:
RAN2 discuss whether RAN1 and/or RAN4 should be asked suitability of physical layer metric based on NPDCCH BLER for paging carrier selection.

	R2-2101395 (Ericsson): No explicit proposal but in the contribution:

“2.
The eNB assigns a new paging carrier different from the one based on UE_ID to the UE in connected mode or during connection establishment, whose attributes (e.g. Rmax) can be provided in a dedicated message and/or broadcasted signaling.”

	R2-2101839 (MediaTek):

Proposal 1:  Use NRSRP or estimated NPDCCH BLER  to metic the coverage level.


According to above proposals, it seems NPDCCH repetitions for decoding NPDCCH is preferred by (or acceptable to) more companies (5 companies think it is OK, 1 company suggests to ask RAN1/4).
Proposal 3: If Option 1 in Proposal 2 is agreed, NPDCCH repetitions for decoding NPDCCH is used for paging carrier selection.
How to negotiate the coverage information between the UE and the eNB also needs to be discussed for Option 1. Corresponding proposals were made in the contributions:
	R2-2100326 (ZTE):
Proposal 3a: eNB sends Rmax-paging information to not only MME/AMF but also UE during connection release stage.

	R2-2100512 (Nokia):

Proposal 2: CEL information in terms of number of repetitions for NPDCCH used at the time of RRC connection Release is stored at UE and used for paging carrier selection at the time of paging carrier monitoring. FFS whether this value is explicitly signaled or deduced by UE on release of RRC connection.


Based on above two proposals, for Option 1, it is proposed that the eNB sends the coverage information to the UE during RRC connection release.

Proposal 4: If Option 1 in Proposal 2 is agreed, the eNB can send the coverage information used for carrier selection to the UE during RRC connection release.
For Option 2 in Proposal 2, since there is no coverage information exchange between the UE and the eNB, it should be up to eNB implementation to configure the paging carrier to the UE considering RAN level coverage information.

Proposal 5: If Option 2 in Proposal 2 is agreed, it is up to eNB implementation to take any RAN level coverage information into consideration when configuring the paging carrier.
2.1.1.3 “Fall back” mechanism when cell or coverage changes

2.1.1.3.1 Cell changes
The following proposals were made regarding the case that the UE with coverage based paging carrier changes its cell:
	R2-2101044 (Huawei, HiSilicon):
Proposal 4:
Upon moving to another cell, the UE monitors paging as in legacy in the new cell.

	R2-2101395 (Ericsson):
Proposal 3
Dedicated and/or broadcast based RRC configuration is introduced for a UE to use a paging carrier other than the dedicated paging carrier in case a new cell is selected.

	R2-2101839 (MediaTek):

Proposal 2:It is allowed to use the same selected paging carrier in another cell when possible.


According to above proposals, two companies think that the coverage based paging carrier (selected in Option 1, configured in Option 2) cannot be used in the new cell. One company thinks this should be allowed if possible. Thus, it is proposed:
Proposal 6: Upon moving to another cell, the UE does not monitor paging on the carrier selected/configured in the previous cell. FFS which carrier to use:

· The carrier selected as in legacy

· Another preconfigured carrier

2.1.1.3.2 Coverage changes
The following proposals were made regarding the case that the UE with coverage based paging carrier changes its coverage:
	R2-2100326 (ZTE):
Proposal 3f: RAN2 discuss the following two schemes to deal with the case that UE detects the change of situation and determines the previous Rmax-paging information is no longer suitable:

-
Scheme 1: UE sends another request to eNB to indicate the change and eNB can re-estimate the Rmax-paging and send updated Rmax-paging to UE and core network. Or UE can also request to completely deactivate the CE level based paging carrier selection.

-
Scheme 2: The eNB can assign an additional Rmax-paging-fallback to UE along with provision of the evaluated Rmax-paging. When UE detects the radio situation change, e.g., it’s different from Rmax-paging, the UE can use this assigned Rmax-paging-fallback to select paging carrier. And eNB can use Rmax-paging-fallback after the first time paging failure, e.g., to send paging on both the carrier determined by the Rmax-paging and the carrier determined by Rmax-paging-fallback.

	R2-2100512 (Nokia):

In Figure 1, “UE select paging carrier closest to the estimated repetition as per current RSRP”
Proposal 4: RAN2 to discuss further enhancements to minimize the impact of mismatch of selected paging carrier at UE and ENB.

	R2-2101044 (Huawei, HiSilicon):
Proposal 6:
In case“coverage change” happens, the UE monitors paging on the carrier selected based on legacy mechanism (before Rel-17).
Proposal 7:
The eNB pages the UE only on the configured paging carrier at the first attempt and then on both the configured and legacy paging carrier.

	R2-2101156 (Qualcomm):
Proposal 5:
With paging carrier selection based on coverage level, avoid mechanism that require UE to report coverage level when coverage level changes.

	R2-2101395 (Ericsson):
Proposal 2
Dedicated and/or broadcast based RRC configuration is introduced for a UE to use a paging carrier other than the dedicated paging carrier in case its coverage level/condition deteriorates within the cell.

	R2-2101839 (MediaTek):

Proposal 3: No autonomous indication from UE to network when radio condition deteriorates.
Proposal 4: The UE can switch back to the default paging carrier when radio condition deteriorates


Different solutions were described in above proposals, but we think there are two aspects in common:

· When coverage changes, the mechanism for the UE to indicate the change to the NW can/should be avoided. It is possible to avoid coverage change report in all of the solutions (including Scheme in R2-2100326)

· When coverage changes, a “default” carrier can be used for the UE to monitor paging. The “default” carrier is determined differently in companies’ contributions:

· Calculated/derived by pre-defined rule (R2-2100326, R2-2100512)

· Determined based on legacy mechanism (R2-2101044)

· Preconfigured carrier (R2-2101395)
The following are proposed when coverage changes based on above.
Proposal 7: Avoid mechanism that requires UE to report the update of coverage when coverage changes.

Proposal 8: In case“coverage change” happens, the UE monitors paging on a “default” paging carrier. FFS how to determine the “default” carrier:

· Calculated/derived by pre-defined rule

· Determined based on legacy mechanism

· Preconfigured carrier
In all options in Proposal 8, it is obvious that a criterion is needed for the UE to determine whether “coverage change” has happened. This was proposed in the following contributions:

	R2-2100326 (ZTE):
Proposal 3f: RAN2 discuss the following two schemes to deal with the case that UE detects the change of situation and determines the previous Rmax-paging information is no longer suitable:

-
Scheme 1: UE sends another request to eNB to indicate the change and eNB can re-estimate the Rmax-paging and send updated Rmax-paging to UE and core network. Or UE can also request to completely deactivate the CE level based paging carrier selection.

-
Scheme 2: The eNB can assign an additional Rmax-paging-fallback to UE along with provision of the evaluated Rmax-paging. When UE detects the radio situation change, e.g., it’s different from Rmax-paging, the UE can use this assigned Rmax-paging-fallback to select paging carrier. And eNB can use Rmax-paging-fallback after the first time paging failure, e.g., to send paging on both the carrier determined by the Rmax-paging and the carrier determined by Rmax-paging-fallback.



	R2-2100512 (Nokia):

In Figure 1, “If CEL lesser than last known … Else,…”

	R2-2101044 (Huawei, HiSilicon):
Proposal 5:
A criterion is defined for the UE to determine whether “coverage change” has happened. Details are FFS.

	R2-2101395 (Ericsson): No explicit proposal but in the contribution:
“Another item to standardize is how the UE should detect the intra-cell coverage condition change and thus if the assigned paging carrier is no longer good enough and needs to be changed (for example according to one of the above three alternatives). How this should be solved needs to be evaluated further but it could for example be based on a change in NRSRP or an estimated NPDCCH BLER using paging Rmax going above a certain percentage threshold, e.g. X%. The latter could be based on same/similar criteria as already used for the Msg3 CQI reporting.  ”


According to comments received in the offline email, the following two options are possible for the UE to determine whether “coverage change” has happened:

· Option 1: A criterion is specified in the specification. Details are FFS.

· Option 2: Leave it to UE implementation.

Proposal 9: RAN2 to decide how does the UE determine whether “coverage change” has happened from the following options:
· Option 1: A criterion is specified in the specification. Details are FFS.

· Option 2: Leave it to UE implementation.

2.1.1.4 CN impact

For coverage based paging carrier selection, the following proposals were made regarding CN impact on the signalling:
	R2-2100326 (ZTE):
Proposal 3a: eNB sends Rmax-paging information to not only MME/AMF but also UE during connection release stage.

	R2-2100512 (Nokia):

No explicit proposal but see the CEL-Infor in S1 Release/Paging message in Figure 1.

	R2-2101044 (Huawei, HiSilicon):
Proposal 3:
The configured paging carrier is added to the UEPagingCoverageInformation-NB container, transmitted transparently from eNB to MME(AMF) and  provided it back to eNB in S1 (Ng) paging message.

	R2-2101395 (Ericsson): No explicit proposal but in the contribution:
“3.
When the UE is released to idle mode the eNB via paging container informs the MME about the assigned paging carrier and the UE monitors paging using the assigned carrier when it camps on the same cell where it was released and experiences similar coverage conditions.”




All above four companies agree that some information related to coverage needs to be exchanged between the eNB and MME(AMF) but different understanding and have the same view on the signalling procedure, but companies have different view on the content to be exchanged because of different preferences between Options 1 and 2 in Proposal 2. Thus, we suggest the following proposal:
Proposal 10: The information related to coverage based paging carrier selection is added to the UEPagingCoverageInformation-NB container, transmitted transparently from eNB to MME(AMF) and provided back to eNB in S1 (Ng) paging message. The details of the information depends on the outcome of Proposal 2:

· For Option 1, the coverage information used for carrier selection

· For Option 2, the configured carrier

For both options, there will be RAN3 impact on the signalling. Thus, LS to RAN3 is needed after RAN2 decides which information to be added.
Proposal 11: Send LS to RAN3 for the signalling after RAN2 decides which information to be added.

2.1.2 DRX cycle based paging carrier selection
Regarding how to support DRX based paging carrier selection, the following proposals were made:
	R2-2100326 (ZTE):
Proposal 5a: The carrier-specific DRX cycle configuration can be supported.

Proposal 5b: Paging carrier selection based on carrier-specific DRX cycle can be used on top of the results from CEL-based paging carrier selection.

	R2-2100512 (Nokia):

Proposal 1:Selection of paging carrier based on CEL along with carrier specific configuration of NB value should be supported.

	R2-2100671 (Spreadtrum):
Proposal 3: Combine DRX cycle with CE level for the mechanism of DRX based paging carrier selection.

	R2-2101044 (Huawei, HiSilicon):
Proposal 8:
It is up to eNB implementation to take the DRX cycle used by the UE into consideration when configuring the carrier.

	R2-2101156 (Qualcomm):
Proposal 4:
Introduce paging carrier specific DRX cycle.
Also in the contribution:

“It is much more efficient for (ng-)eNB to determine the shortest DRX cycle suitable for each paging carrier and configure it in SIB. By default, the paging DRX(s) configured for the anchor carrier applies.”

	R2-2101839 (MediaTek):

Proposal 5: Support paging carrier selection based on DRX cycle.

Proposal 6:  When the UE selecting a paging carrier for UE specific DRX, the current coverage level should also be involved for consideration


At least two directions for DRX based carrier selection were proposed:
· NW provides carrier specific DRX configuration (e.g. DRX cycle or shortest DRX cycle, nB, etc), and then the UE selects paging carrier considering its used DRX cycle and the configuration broadcasted by the NW (R2-2100326 and R2-2101156). Two level carrier selection was also proposed in this direction

· NW configures paging carrier taking DRX cycle into consideration

There was no clear majority view on the two directions. In addition, it seems most companies agree that DRX based paging carrier selection is related to coverage based paging carrier selection and it may be possible to combine them. Thus, it is propose to conclude on Proposal 2 before decide above two directions.
Proposal 12: Wait for the conclusion on Proposal 2 first before further discuss DRX based paging carrier selection.

2.1.3 Service based paging carrier selection
For Service based paging carrier selection, two companies have proposals:

	R2-2100326 (ZTE):
Proposal 6: Before new use cases are identified, we don’t pursue service based carrier selection scheme.

	R2-2100671 (Spreadtrum):
Proposal 1: It is suggested to support service based paging carrier selection.
Proposal 4: The service based paging carrier selection and DRX based paging carrier selection should be applied alternatively with a predefined rule.


Considering that only one company proposes to service based paging carrier selection, and no detailed solution is provided for the time being, it is proposed to down-prioritise serving based paging carrier selection in Rel-17.
Proposal 13: Service based paging carrier selection is down-prioritised in Rel-17.

2.2 NPRACH carrier selection

For NPRACH carrier selection improvements, three companies have proposals:

	R2-2100671 (Spreadtrum):
Proposal 5: Enhancements for PRACH carrier selection should not be pursued.

	R2-2101156 (Qualcomm):
Proposal 7:
Coverage based NPRACH only supported on non-anchor carriers.

	R2-2101395 (Ericsson):
Proposal 4
Provide selection probability among the non-anchor NPRACH carriers

Proposal 5
Provide flexibility to assign NPRACH carrier to any CE level.


Similarly to service based carrier paging selection, one company indicated explicitly that NPRACH carrier selection improvements should not be supported and only one company provided solution, it is proposed to down-prioritise NPRACH carrier selection improvement in Rel-17.
Proposal 14: NPRACH carrier selection improvement is down-prioritised in Rel-17.

3 Conclusion

This paper focused on carrier selection improvements. Corresponding proposals are listed as follows:
Proposal 1: RAN level coverage information is used for paging carrier selection.

Proposal 2: RAN2 to decide how to determine paging carrier based on coverage information from the following two options:
· Option 1: The paging carrier is determined by the UE and the eNB according to the same pre-defined rule according to the RAN level information
· Option 2: The paging carrier is configured by the eNB via dedicated signalling
Proposal 3: If Option 1 in Proposal 2 is agreed, NPDCCH repetitions for decoding NPDCCH is used for paging carrier selection.
Proposal 4: If Option 1 in Proposal 2 is agreed, the eNB can send the coverage information used for carrier selection to the UE during RRC connection release.
Proposal 5: If Option 2 in Proposal 2 is agreed, it is up to eNB implementation to take any RAN level coverage information into consideration when configuring the paging carrier.
Proposal 6: Upon moving to another cell, the UE does not monitor paging on the carrier selected/configured in the previous cell. FFS which carrier to use:

· The carrier selected as in legacy

· Another preconfigured carrier

Proposal 7: Avoid mechanism that requires UE to report the update of coverage when coverage changes.

Proposal 8: In case“coverage change” happens, the UE monitors paging on a “default” paging carrier. FFS how to determine the “default” carrier:

· Calculated/derived by pre-defined rule

· Determined based on legacy mechanism

· Preconfigured carrier
Proposal 9: RAN2 to decide how does the UE determine whether “coverage change” has happened from the following options:
· Option 1: A criterion is specified in the specification. Details are FFS.

· Option 2: Leave it to UE implementation.

Proposal 10: The information related to coverage based paging carrier selection is added to the UEPagingCoverageInformation-NB container, transmitted transparently from eNB to MME(AMF) and provided back to eNB in S1 (Ng) paging message. The details of the information depends on the outcome of Proposal 2:

· For Option 1, the coverage information used for carrier selection

· For Option 2, the configured carrier

Proposal 11: Send LS to RAN3 for the signalling after RAN2 decides which information to be added.

Proposal 12: Wait for the conclusion on Proposal 2 first before further discuss DRX based paging carrier selection.

Proposal 13: Service based paging carrier selection is down-prioritised in Rel-17.

Proposal 14: NPRACH carrier selection improvement is down-prioritised in Rel-17.
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