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1 Introduction
During the online session on Monday, the summary document R2-2101045 for carrier selection improvements was discussed but no agreement was made.

This document is for the following offline discussion on paging carrier selection improvements, Week 1:

· 
[AT113-e][305][NBIOT/eMTC R17] Paging carrier selection improvements (Huawei)


Scope: 


Week 1: Discuss the details of option 1 and 2 and try to select one

Week 2: TBD online Monday 1 Feb


Intended outcome: 

Week 1: Report in R2-2102155

Week 2: TBD


Deadline:


Week 1: Jan 29 1100 UTC

Week 2: TBD Feb 04 1100 UTC

2 Discussion
The document focuses on the two options listed in proposal 2 in summary document R2-2101045:

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
The following documents submitted to RAN2#113e may be refered:


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.
2.1 Overview for both options
During the online session, there were comments that the description on the two options are not clear enough, e.g. are they independent solution or one can be on top of another, etc. Thus we think it would be better to look at more details for both options according to companies’ contributions before starting to discuss details or make down-selection.

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 1 is summarised based on proposals in R2-2100326 (ZTE) and R2-2100512 (Nokia):

	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…”



According to the contributions, paging carrier selection in option 1 can be described as following:
· In RRC release stage, the eNB provides coverage information (e.g. certain NPDCCH repetitions for decoding NPDCCH) used for paging carrier selection to the UE explicitly or implicitly.

· In RRC release stage, the eNB also sends the coverage information to the MME/AMF. This information will be provided back to eNB in S1 (Ng) paging message.
· The mapping relationship between the coverage information and certain paging carrier(s) is broadcasted

· The UE and the eNB are aligned on the paging carrier:

· eNB pages the UE on the paging carrier selected based on the broadcasted relationship and the coverage information received in the S1 (Ng) paging message
· UE monitors paging on the paging carrier selected based on the broadcasted relationship and the coverage information configured by the eNB

Please note that above procedure is only about paging carrier determination for normal case, i.e. “fall back” cases when cell or coverage changes are not described.
Companies are invited to provide general comments on above procedures for option 1.
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 coverage information
	Company name
	Comments

	Ericsson
	We see several drawbacks with this approach:
a) In today’s solution; eNB configures Rmax value for paging carrier and the exact NPDCCH Repetition needed is eNB proprietary implementation based and only provided to MME. The exact NPDCCH repetition is proprietary implementation based upon several factors such as :

· previous link adaptation

· power level setting of carrier

· NW implementation of load balancing schemes etc

We do not see the reason as why NW should provide such values “NPDCCH repetition” to the UE. 

b) From NW perspective, NW will anyway find the best suitable carrier for the UE
c) As mentioned in our paper; coverage of a carrier can be dependent upon power boost and hence NW would prefer that this sort of carrier is used by deep coverage UEs. Thus, it should be the NW which should select.
d) One aspect to consider is that NW will also check the UE capability such as support for UE specific DRX cycle; and hence can categorize this sort of UE supporting UE specific DRX and needing lower NPDCCH Repetition in one carrier.

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Option 2: The paging carrier is configured by the eNB via dedicated signalling
Option 2 is summarised based on proposals in R2-2101044 (Huawei, HiSilicon) and R2-2101395 (Ericsson):

	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.



According to the contributions, paging carrier selection in option 2 can be described as following:

· The eNB configures paging carrier explicitly to the UE via dedicated signalling.

· In RRC release stage, the eNB also sends the paging carrier to the MME/AMF. The paging carrier will be provided back to eNB in S1 (Ng) paging message.

· The UE and the eNB are aligned on the paging carrier:

· eNB pages the UE on the paging carrier received in the S1 (Ng) paging message
· UE monitors paging on the paging carrier configured by the eNB

Please note that above procedure is only about paging carrier determination for normal case, i.e. “fall back” cases when cell or coverage changes are not described.
Companies are invited to provide general comments on above procedures for option 2:

Option 2: The paging carrier is explicitly configured by the eNB via dedicated signalling
	Company name
	Comments

	Ericsson
	This solution will lead to a very simple device implementation. For NB-IoT; we should avoid making solution complicated on device side. We need to note that it is not LTE/NR device we are talking about here and also that we have to compete with other non-3gpp based solution, so we need to ensure a simpler design from device perspective for mass adaptation of new release feature.
When NW assigns a carrier, it can consider number of aspects such as 

a) UE capability

b) DRX cycle support

c) Coverage information

d) What sort of service the UE typically requires

e) Power boost info

However, this is not possible for UE based selection.

	
	

	
	

	
	

	
	

	
	

	
	

	
	


In the following sections, the following aspects will be discussed for both options based on the summary document R2-2101045. And then based on the discussion, companies are invited to indicate preference between option 1 and option 2.
· Option 1 specific issue

· Option 2 specific issue

· Common issue, including “Fall back” mechanism and CN impact
2.2 Option 1
For Option 1, which RAN level coverage is summarised in R2-2101045 as following:
	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.




Question 1: For Option 1, do you agree to use NPDCCH repetitions for decoding NPDCCH for paging carrier selection? If not, which coverage information to use?
	Company name
	Yes/No
	Comments

	Ericsson
	
	It is a bit early to decide upon this.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


For option 1, how to provide the coverage information to the UE is summarised in R2-2101045 as following:

	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.

Proposals 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.




Question 2: For Option 1, do you agree that the eNB can send the coverage information used for carrier selection to the UE during RRC connection release?

· If yes, whether the value is explicitly signalled in RRC release message or derived by the UE?

· If no, why?
	Company name
	Yes/No
	Comments

	
	
	· 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


2.3 Option 2

For option 2, how to configure the carrier to the UE is summarised in R2-2101045 as following:

	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.




Question 3: For Option 2, do you agree that it is up to eNB implementation to take any RAN level coverage information into consideration when configuring the paging carrier? If not, why?
	Company name
	Yes/No
	Comments

	
	
	· 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Question 4: For Option 2, which message should be used to configure paging carrier for the UE?
	Company name
	Comments

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


2.4 Common aspects

2.4.1 “Fall back” mechanism when cell or coverage changes

In companies’ contributions, “Fall back” mechanism when cell or coverage changes is mentioned for both options.
2.4.1.1 Cell changes
For the case that the UE moves to another cell, which carrier to monitor paging is summarised in R2-2101045 as following:
	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




For both options, if the UE moves to a new cell, we need to discuss which carrier to monitor in the new cell. The possible solutions for this issue may be different between option 1 and option 2.
Question 5: For option 1, upon moving to another cell, which paging carrier should be monitored by the UE?

· Paging carrier selected in the new cell based on the previously configured coverage information
· The carrier selected as in legacy

· Other
	Company name
	Comments

	Ericsson
	We think there can be multiple options such as a power boosted anchor carrier, legacy based or any other dedicated carrier (non-anchor with power boost). Hence it should be left to NW to decide depending upon the deployment scenarios.

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Question 6: For option 2, upon moving to another cell, which paging carrier should be monitored by the UE?

· The carrier selected as in legacy

· Another preconfigured carrier

· Other
	Company name
	Comments

	Ericsson
	We think there can be multiple options such as a power boosted anchor carrier, legacy based or any other dedicated carrier (non-anchor with power boost). Hence it should be left to NW to decide depending upon the deployment scenarios.

	
	

	
	

	
	

	
	

	
	

	
	

	
	


2.4.1.2 Coverage changes
For the case that the UE is still in the same cell but the coverage changes, which carrier to monitor paging is summarised in R2-2101045 as following:
	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



Question 7: For both options, do you agree that when coverage changes, mechanism that requires UE to report the update of coverage when coverage changes should be avoided?
	Company name
	Yes/No, why?
	Comments

	Ericsson
	Yes
	· UE should not provide report for this thing.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Question 8: For both options, in case“coverage change” happens, do you agree that the UE monitors paging on a “default” paging carrier. If no, why? If yes, which option do you prefer for the “default” carrier?
· Calculated/derived by pre-defined rule

· Determined based on legacy mechanism

· Preconfigured carrier

· Other
	Company name
	Yes/No
	Comments

	Ericsson
	Legacy mechanism or preconfigured carrier; pls see comments
	We think there can be multiple options such as a power boosted anchor carrier, legacy based or any other dedicated carrier (non-anchor with power boost). Hence it should be left to NW to decide depending upon the deployment scenarios.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


For both options, regarding how to determine whether “coverage change” has happened, the following is summarised in R2-2101045:
	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.




Question 9: For both options, regarding how the UE determines whether “coverage change” has happened, do you think a criterion needs to be specified in the specification? Or is it OK to leave it to UE implementation?
	Company name
	Yes/No, why?
	Comments

	Ericsson
	Yes
	· 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


2.4.2 CN impact

For both options, the CN impacts are summarised in R2-2101045 as following:
	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




Question 10: For both options, do you agree with above proposals 10?
	Company name
	Yes/No, why?
	Comments

	Ericsson
	Yes
	· 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


2.5 Option 1 v.s. Option 2
Based on above discussion, please companies provide comments on pros. and cons. for each option and indicate your preference.

· 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 coverage information
· Option 2: The paging carrier is explicitly configured by the eNB via dedicated signalling
Question 11: Pros. and cons. for each option and companies’ preference

	Company name
	Preference
	Comments, Pros. and Cons.

	Ericsson
	Option 2
	Option 2 solution will lead to a very simple device implementation. For NB-IoT; we should avoid making solution complicated on device side. We need to note that it is not LTE/NR device we are talking about here and also that we have to compete with other non-3gpp based solution, so we need to ensure a simpler design from device perspective for mass adaptation of new release feature.

When NW assigns a carrier, it can consider number of aspects such as 

a) UE capability

b) DRX cycle support

c) Coverage information

d) What sort of service the UE typically requires

e) Power boost info

However, this is not possible for UE based selection; only one criterion can be done at max.

Besides, we have objection on providing NPDCCH repetition number to UE; this is not done for legacy mechanism. 

If UE selects on its own, the power configuration or any other factor such as aggregating certain device type in certain carrier with lower DRX cycle will be not considered.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


3 Conclusion

This paper focused on coverage based paging carrier selection improvements. Corresponding proposals are listed as follows:
TBD
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