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1 Introduction

The Rel-17 WID of additional enhancements for NB-IoT and eMTC have been approved in RAN#86 and revision can be seen in [1]. The following objective is included in the WID:

	· 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.)


In RAN2 #111e meeting [2], the following agreements have been approved:
	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 #112e meeting, there were some discussion on the prioritized objective of CEL-based paging carrier selection improvements, e.g., about MME awareness, clarification on CE level terminology and how to judge this CE level information, and how to negotiate or assign the related parameter between UE and RAN [2]. However, no agreement has been achieved.

In this contribution, we will further discuss the issues and possible solutions for paging carrier configuration and selection improvements. 
2 Discussion

2.1 Paging carrier selection based on CE level
In RAN2#111e meeting, RAN2 has agreed to prioritize the study on paging carrier selection improvements. In the following sections, we’ll discuss some aspects related CE level based paging scheme, e.g., CE level determination, paging carrier selection and parameters configuration etc.
2.1.1 CEL negotiation vs paging carrier provision

In last meeting discussion, for paging improvements, two different high level options have been mentioned:

· Option 1: Coverage level information would be negotiated between UE and network during last RRC connection. And later both UE and network use the same scheme/formula to select the paging carrier (among configured carrier list) according to the negotiated coverage level information.

· Option 2: The network directly (explicitly) provides the paging carrier to the UE during last RRC connection. And later both UE and network use this carrier for monitoring paging.

One of the motivations for Option 2 is that coverage is different between anchor and non-anchor carriers and anchor carrier coverage is generally larger due to power boost. One benefit has been mentioned in [3], “……and then let all (or a very large part) of the good coverage UEs be monitoring paging on the non-anchor carriers and the poor coverage UEs on the anchor carrier. This coverage level-based paging solution would save both UE power and spectrum resources (as less radio resources are needed to page the poor coverage UEs…”. We have a concern about this understanding. Firstly, for all the UEs in RRC_IDLE in a certain cell, they would determine their coverage situation based on the RSRP measurement on anchor carrier. If a UE’s coverage level is already poor, it looks like the anchor carrier also not unsuitable for this UE to monitor the paging (as this UE might be at the cell edge). Therefore, to deliberately make poor coverage UEs stick to the anchor carrier, not only the expected benefit of making use of power boosting may not be achieved but also the paging to the UEs may be more likely to fail due to the congestion (for NB-IoT, we cannot assume good coverage UEs is the large part while the contrary assumption may be more possible) in the anchor carrier. 

Observation 1a: For the Option 2, to explicitly assign anchor carrier to (a large part of) the poor coverage UEs may be not able to achieve the benefit of power boosting but cause congestion on anchor carrier. (Issue#1)

For option 2, the second motivation is that paging carrier can be deterministic i.e, there is no ambiguity between UE and network. The proponent company may think this is a superiority of Option 2 over Option 1 as there is a concern on how to deal with the CEL change issue (e.g., the assigned CEL becomes unavailable) for Option 1. However, we identify another related problem for Option 2. Different from that the paging carrier is selected timely in Option 1, the paging carrier is assigned at an early stage in Option 2. As most of configuration for the assigned paging carrier should be acquired from SIB, such process requires the binding relationship between a (previous) assignment for a certain UE and SIB. In other word, if a non-anchor carrier has been assigned for a UE as paging carrier but later the eNB updates the SIB and removes this non-anchor carrier, the UE will be no way to use this assigned paging non-anchor carrier. As generally eNB doesn't care the previous assignment in last connection for a certain UE in IDLE state, such undesired SIB update may be not easy to avoid. Here we have an assumption that the eNB needs to deliver the assigned paging carrier to core network. The core network needs to store this information and send it back to eNB along with the next paging transmission. Similarly, if eNB has updated the SIB before next time paging, the eNB would not be able to find the configuration for the assigned paging carrier. In a summary, there is also an issue that the assigned paging carrier becomes unavailable for Option2.
Observation 1b: For the Option 2, as generally eNB doesn't care the previous assignment in last connection for a certain UE, there is also a potential issue that the assigned paging carrier becomes unavailable after SIB update. (Issue#2)

As mentioned above, we assume eNB needs to deliver the assigned paging carrier to core network. Here whether to deliver an absolute value of EARFCN or a relative value of index remains to be discussed. If an absolute value is used, it will cause some large signaling overhead while if a relative index is used, it is possible that eNB cannot accurately match the assigned paging carrier next time due to the possible SIB update. So no matter which way is used, there are certain problems.

Observation 1c: For the Option 2, we assume the assigned paging carrier needs to be stored in core network and sent back to eNB in next paging. But what’s the format of the assigned paging carrier in the S1/NG interface and core network storage needs further discussion. Absolute value of EARFCN looks better for avoiding unmatched issue but it has issue of signaling overhead. (Issue#3)

Based on the above analysis for the issues, we think option 2 is not suitable for paging carrier improvements.  

Proposal 1a: The option that network directly (explicitly) provides the paging carrier to the UE during last RRC connection is not pursued.
For Option 1, with the following reasons, we think it can be further discussed and specified. Firstly, to let UE autonomously select a paging carrier based on the negotiated coverage level can achieve load balance effect among a configured carrier list for the corresponding coverage level and effectively avoid congestion on a carrier. Moreover, there is no restriction on SIB update as UE can always perform paging carrier selection based on the latest SIB. Secondly, we also assume the negotiated CEL information needs to be stored in core network. And this seems already to be supported by current RAN3 specs. Thirdly, for the issue of CEL change, we think at least two alternatives can be further considered, the detailed discussion can be found in section 2.1.3.

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.
2.1.2 Clarification on coverage level definition
In last meeting, there were some discussion about the CE level terminology and how to determine it. More companies have a thought that this coverage level information may be not directly related to NPRACH CE level which is determined based on comparison between NRSRP measurement results and the RSRP thresholds. As this CE level is mainly for determining the DL repetitions for paging messages, it can be a certain Rmax/NPDCCH repetitions for decoding NPDCCH evaluated by UE or eNB. In [2], four alternatives about what metric such coverage level information should be based on have been mentioned by different companies:
· Alt1: based on NRSRP 

· Alt2: an estimated BLER for decoding NPDCCH considering a certain paging Rmax being above a certain percentage threshold, e.g. 1 or 10%, similar to what is already done for Msg3 CQI reporting.
· Alt3: NPDCCH repetitions evaluated by eNB.
· Alt4: A high level information reflecting the service requirements/ characteristics negotiated between the UE and MME/AMF via NAS, e.g. ‘normal coverage’, etc.

More companies have concerns for Alt4. The proponent company think this coverage level information could be related to UE’s service requirement and can be negotiated between the UE and MME/AMF via NAS. Per our understanding, coverage level is information only related to radio conditions of the environment where the UE is located. So it’s not reasonable to define a NAS layer parameter as CE level information. 

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.

There were also some discussion on whether MME can aware of this coverage level information. Per our understanding, as this parameter would be similar as some other paging assistance parameters, it’s likely to be delivered to the MME/AMF, stored there and sent back to the eNB at next time paging. It’s also possible that MME/AMF may need to consider this parameter when it applies the core network paging principles. So generally to say, it’s possible for MME to store or even be aware of this coverage level information.

Observation 2: Similar as some other paging assistance parameters, such coverage level information is likely to be delivered to the MME/AMF, stored there and sent back to the eNB at next time paging. It’s also possible that MME/AMF may need to consider this parameter when it applies the core network paging principles.

Other RAN level definition ways (Alt1~Alt3) for this coverage level information can be further studied:

· For Alt1, considering the RSRP measurement accuracy, the CE level based on measured RSRP value may change or fluctuate frequently even the UE is almost stationary. For example, if the RSRP is around the RSRP threshold, it’s easy to occur CE level fluctuation. Moreover, this coverage level information also needs to be known by the eNB, e.g., eNB gets the UE’s current CE level by the latest random access procedure. Considering UE may perform CEL ramping when initial preamble attempts failed, e.g., due to collision or network congestion, the final CEL when UE successfully access the network may not accurately reflect UE’s actual radio quality. For example, the final CEL known by eNB would be larger (worse) than the real CEL determined by actual RSRP quality.

· For Alt2, according to previous discussion on Msg3/Msg5 CQI reporting and also the RAN4 definition, we think an estimated BLER for decoding NPDCCH considering a certain paging Rmax being above a certain percentage threshold, e.g. 1 or 10%, could be more stable for low mobility UE than Alt1. Also, this function is an optional feature and may need more additional work if we want to use it for CEL-based paging carrier selection.

· For Alt3, the eNB can estimate UE’s CE Level based on the service quality in connected mode and send it to MME/AMF for subsequent PAGING (in UEPagingCoverageInformation-NB-> npdcch-NumRepetitionPaging in the following table). Here the CE Level information similar as Alt2 on reflecting the required repetitions for NPDCCH decoding. Moreover, it’s already in eNB implementation and no need of much specification work. E.g, if we go for this Alt3, we don’t need to specify how to determine the CE level. We mainly need to define the procedure for delivering the CE level evaluated by eNB to the UE.
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UEPagingCoverageInformation-NB message
-- ASN1START

UEPagingCoverageInformation-NB ::= SEQUENCE {
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}

}
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--
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npdcch-NumRepetitionPaging-r13


INTEGER (1..2048)
OPTIONAL,

nonCriticalExtension




SEQUENCE {}

OPTIONAL

}

-- ASN1STOP


The Alt1 and Alt2 require autonomous report of latest CEL from UE to network while the Alt3 requires eNB to indicate the evaluated coverage level information to UE. We think totally follow UE’s evaluation on CEL may be not so suitable. An advantage of Alt3 is that the overall configuration and load situation for carriers can also be taken into account when network evaluates and indicates the coverage level information to UE. For example, if the load for the carriers in higher CEL is light, eNB may slightly increase the CEL evaluation for a UE so that the later paging for this UE can be sent on the carriers for higher CEL and with more repetitions. Moreover, for Alt3, some assistance information from UE can be further introduced and then eNB can have more information for DL channel quality that can result in more accurate coverage level information evaluation. 

Based on the above comparison, we prefer Alt3 for coverage level information terminology for further discussion.

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).
2.1.3 CE level consistence between UE and network
If Proposal 2b can be agreed, there are still some issues that need more discussion. 
Issue#1: Provision of coverage level information to UE 

As mentioned above, in current spec, the evaluated Rmax-paging can only be sent to CN node but cannot be sent to UE. 

The simple way for UE to acquire the eNB’s evaluated Rmax-paging is that eNB sends this information to UE during the RRC Connection release stage. And this evaluated Rmax-paging can also be expressed with npdcch-NumRepetitionPaging same as that provided from eNB to core network (with maximum value of 2048).

Proposal 3a: eNB sends Rmax-paging information to not only MME/AMF but also UE during connection release stage. 

Moreover, provision of CE level information from eNB to UE can be used as an implicit enable indication to trigger CEL-bsaed paging carrier selection in UE.
Proposal 3b: The provision of Rmax-paging information from eNB to UE can be used as an implicit enable indication to trigger CEL-based paging carrier selection in UE.

Since CEL-based paging carrier selection is generally used when the UE’s CEL seldom change and the UE has the ability of supporting CEL-based paging carrier selection, the Rmax-paging from eNB to UE doesn’t need to be provided autonomously but can be sent on-demand, e.g., based on UE’s capability or explicit request. 

As provision of CE level information from eNB to UE can be along with RRC connection release procedure, we assume such request from UE would be performed when UE in RRC connected mode.
Proposal 3c: UE can send request to eNB to request provision of eNB’s evaluation on Rmax-paging when UE in RRC connected mode.

Considering that radio link unbalance between UL and DL may exist, in such case eNB may be difficult to estimate the npdcch-NumRepetitionPaging accurately. As previously eNB’s evaluation is mainly used to decide suitable DL repetition number, it doesn’t matter whether this value is accurate enough. But for the CEL-based paging carrier selection, the network must know the exact UE’s CEL and then can apply same DL paging carrier list as that used by UE. Therefore, in order to make the scheme more feasible, we may need to further enhance the accuracy of eNB’s evaluation. One straightforward way is to let UE send some assistance information to the eNB, e.g., reference CE Level evaluated by UE itself.

UE can send reference CE level information autonomously based on its own evaluation, e.g., along with the request for provision of eNB’s evaluation on Rmax-paging.

Proposal 3d: UE can send reference CE Level information to eNB along with the request mentioned in proposal 3c. 

One special case is Enhanced Coverage Restricted UE. Such UE uses the enhanced coverage feature based on its subscription, regardless it’s real radio condition. For such UE, the procedure in proposal 3a~3d can be skipped. Both UE and eNB can always use same Rmax-paging (e.g. Rmax-paging=1) for for normal coverage.

Proposal 3e: for Enhanced Coverage Restricted UE, the procedure in proposal 3a~3d can be skipped. Both UE and eNB can always use same Rmax-paging (e.g. Rmax-paging=1) for for normal coverage.

Issue#2: Coverage level information change 

For CEL-based paging carrier selection, UE in a certain coverage level can only use part of carriers configured for this coverage level for monitoring the paging message. The most important thing is to keep consistent information between UE and eNB/CN node (MME/AMF) about whether CEL-based DL paging carrier process is enabled and which coverage level information and carrier list would be used. In other word, it’s very important to keep consistent information about UE’s coverage level information between UE and eNB/CN node (MME/AMF). So the first issue is how to handle the case of CEL change. Even we agree the CEL-based paging scheme should be mainly used for stationary or low mobility UEs, we still think we should consider the solution for the exceptional case.

After UE is provided with Rmax-paging and back to RRC idle mode, it’s still possible that UE detects change of the coverage level. If UE is still in the same cell (e.g., the CEL change may be caused by radio quality change), UE can send another request to eNB to indicate the change. Based on which, eNB can re-estimate the Rmax-paging and send it to MME/AMF and UE. If UE detects change and determines that it is not suitable to continuously use CEL-based paging carrier selection (e.g. the UE’s mobility state changes from geostationary state to moving state), UE can also request to completely deactivate the CE level based paging carrier selection. If UE moves to another cell, we think it’s naturally for the UE to deactivate the CE level based paging.
If companies think this is not good for UE power saving and want to avoid any UL signaling, the eNB can assign an additional Rmax-paging (e.g., Rmax-paging-fallback) to UE along with provision of the evaluated Rmax-paging. Or this Rmax-paging-fallback can also be provided via SIB (e.g., can be used by all the UEs when needed). 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. As eNB has no idea about when the UE changes to Rmax-paging-fallback, 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.
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.
2.1.4 Improvement on paging carrier selection formula 
Based on previous proposals, if CEL-based paging carrier selection is enabled and consistent Rmax-paging information is shared between UE and eNB via UE specific signalling, UE can perform the CEL-based paging carrier selection, e.g. selects a paging carrier by matching the UE’s npdcch-NumRepetitionPaging to the carrier’s npdcch-NumRepetitionPaging configured in SIB. Accordingly, the current paging carrier selection formula may need to be update to apply sub-set carrier(s) when CEL-based paging carrier selection is enabled.
Proposal 4: When CEL-based paging carrier selection is supported, the current paging carrier selection formula may need to be update to apply sub-set carrier(s) which have same Rmax-paging configuration as that provided to UE.
2.2 Paging carrier selection based on DRX cycle
In previous meetings, some companies have suggested to consider carrier-specific DRX cycle configuration and then UEs with short DRX cycle can be assigned to the paging carrier with smaller Rmax to achieve short paging latency.

According to above analysis, it can be seen that for CEL-based paging carrier selection, the carrier(s) for small Rmax-paging would generally be configured with small NumRepetitionPaging and also a small defaultPagingCycle to avoid CSS-paging overlapping. Based on this, if the UE with short UE specific DRX cycle locates in the good coverage (this may be the normal case) and is provided with small CE level information, it can naturally select a carrier for the small Rmax-paging, e.g., with small NumRepetitionPaging. This is same as the expectation from the scheme based on carrier specific DRX cycle configuration. However, if the UE with short UE specific DRX cycle accidentally locates in bad coverage (this may be the abnormal case), it will be incorrect for the UE to still select the carrier that is matched its DRX cycle and with smaller Rmax. The UE would not work normally on this carrier. For such case, we think it’s more suitable to let UE perform paging carrier selection based on Rmax-paging other than based on the DRX cycle configured for a carrier.

Observation 3: CEL-based paging carrier selection can achieve same results as the scheme with carrier specific DRX cycle configuration for the UE with short DRX cycle and in good coverage. But to select paging carrier purely based on carrier specific DRX cycle cannot correctly work for the UE with short DRX cycle but in bad coverage.
Based on the previous discussion, we can see another requirement, e.g., the UEs with same Rmax-paging may still have different UE-specific DRX cycles. Only based on Rmax-paging information, it cannot guarantee a UE selects the carrier that is best matched its own UE-specific DRX cycle and therefore UE cannot obtain the smallest paging delay. Taking into account this requirement, we think carrier-specific DRX cycle configuration can be further considered. After determine a paging carrier list based on the Rmax-paging, the UE can further select a carrier whose carrier-specific DRX cycle is equal to or the closest to UE-specific DRX cycle.

Therefore, it feasible to allow carrier-specific DRX cycle configuration and such configuration can be used in combination with CEL-based paging carrier selection in a way mentioned above. However, we think paging carrier selection based on carrier-specific DRX cycle cannot be used as first level carrier determination. If UE firstly determine a paging carrier list and all the carriers in this list have same carrier-specific DRX cycles that are equal to or the closest to UE-specific DRX cycle, the UE may not be able to further find a paging carrier whose Rmax-paging match the UE’s negotiated Rmax-paging. Considering this issue, we think it’s only feasible to firstly use CEL-based paging carrier selection and then paging carrier selection based on carrier-specific DRX cycle.

Moreover, if no CEL-based paging carrier selection is configured, this carrier-specific DRX cycle configuration can also be used independently, e.g., UE can select a paging carrier among the ones whose carrier-specific DRX cycles are equal to or the closest to UE-specific DRX cycle. 

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.

2.3 Service based paging carrier selection 
The service-based carrier selection may be beneficial, e.g., the configuration for some certain carriers could be better adapt to the characteristics of some certain services. But after further consideration, we think the current scheme and CEL-based paging carrier selection would already fulfill the requirements. Additional enhancements may bring unnecessary complexity.

Generally, a most typical service characteristic is stationary/mobility. In NB-IoT, there has had many discussion about WUS monitor for mobility UE. Whether a UE is a mobility UE can be decided based on whether the current cell in which the base station send paging message is the UE’s last serving cell. The UE in the non-last serving cell would not monitor WUS and GWUS. We think such optimization would be enough. More differentiation between carriers for stationary UEs or carriers for mobile UEs may be redundant.
There has another kind of service-related information in NB-IoT, e.g., paging probability. The UE would negotiate this information with core network and monitor WUS group configured for the corresponding paging probability range. Moreover, R16 GWUS already can be configured for some carriers. Then these carriers can be related to the certain paging probability range, e.g., the certain kind of service. 

Since the last cell WUS and paging probability based GWUS has already been supported in the legacy paging procedure, it can be reused when the Paging carrier selection based on CE level is performed.

Observation 4a: WUS in last serving cell and paging probability based GWUS are already kind of cell/carrier selection related to services. 

Moreover, in NB-IoT, as enhanced coverage feature would consume more system resources, it’s allowed that operator can restrict the use of coverage enhancements. Based on this, the UE can know that it’s an enhanced coverage restricted UE, e.g., based on subscription information. The enhanced coverage restricted indication can also be included in paging message over the interface between base station and core network node. This information is intended to be used by the base station to avoid useless DL channel repetitions for paging, e.g. the base station shall page the enhanced coverage restricted UE with normal coverage. In this case, UE will have a small CE level, and can select a suitable carrier based on the CEL.

Observation 4b: Paging carrier selection for enhanced coverage restriction UE can be implemented indirectly by paging carrier selection based on CE level. 

Proposal 6: Before new use cases are identified, we don’t pursue service based carrier selection scheme.

2.4 Paging carrier configuration improvement

If CEL-based paging carrier selection and/or carrier-specific DRX cycle can be supported, paging carrier configuration improvements would be needed.

Firstly, similar as that in NPRACH, we think it should be allowed to configure paging carriers per CEL.

Proposal 7a: In order to support CE level based paging, it should be allowed that paging carriers can be configured per CEL.
Secondly, in the current spec, the paging related parameter npdcch-NumRepetitionPaging can already be configured per paging carrier in SIB22, but this is not the case for other parameters. Simply, with the following considerations, we suggest that defaultPagingCycle and nB can also be configured for per carrier:

· The small defaultPagingCycle can be configured for the carrier(s) with small npdcch-NumRepetitionPaging. Small defaultPagingCycle corresponding to small npdcch-NumRepetitionPaging configuration can result in less paging delay without causing CSS-ping overlapping issue. 

· For the carrier(s) with small npdcch-NumRepetitionPaging, larger nB can be configured for providing larger paging capacity for the carrier(s).

Only to allow that the paging related parameters, e.g., the npdcch-NumRepetitionPaging, defaultPagingCycle and nB can be configured for the carrier is not enough. As the paging carrier(s) may be selected by UEs in different CELs and in order to meet reception requirement of all the UEs, the npdcch-NumRepetitionPaging can only be configured based on the largest CEL. In order to avoid unnecessary paging resources waste caused by such aggressive configuration, it should be further allowed that paging carriers can be configured per CEL. E.g., npdcch-NumRepetitionPaging and nB needs to be same for all the carriers for a certain CEL. For the carriers for different CEL, these parameters can be configured differently. 

After support of carrier-specific DRX cycle configuration, it’s allowed that defaultPagingCycle can be different for all the carriers for a certain CEL.

Proposal 7b: It should be allowed that the paging related parameters, e.g., the npdcch-NumRepetitionPaging, defaultPagingCycle and nB can be configured for the carrier(s) for a certain CEL. The npdcch-NumRepetitionPaging and nB needs to be same for all the carriers for a certain CEL. 
The following alternatives for providing CEL-based paging parameters configuration can be considered:

· Alt1: Similar configuration structure as that for NPRACH carriers. In the current NPRACH non-anchor carrier configuration, the IE of nprach-ParametersList is used to provide the configuration framework for all the CELs. The CE level configuration list is in the same order as that for anchor carrier. However, as for each entry in nprach-ParametersList, e.g., for each NPRACH-Parameters-NB-r14, the content IE, e.g., nprach-Parameters-r14 that is used to provide configuration for each CEL, can be optional. That means the content for each CEL can be separately configured and is allowed to be totally skipped. With such configuration, different CE level can finally have different NPRACH carrier list.
· Alt2: To explicitly introduce a new paging carrier list in which the paging carriers are grouped per CE level and with the corresponding paging related parameters.

Generally, the Alt1 impacts specification less while Alt2 is clearer but need more signaling overhead. 

Proposal 7c: RAN2 discuss how to provide CE level based paging carrier configuration.

After introducing CE level based paging carrier configuration, as some carriers can be configured for good CEL and with less resources, we think paging capacity can be increased (here we assume the number of UEs in the cell is same). Therefore, the total number of paging carriers could be kept same, e.g., maxNonAnchorCarriers-NB-r14 or even be reduced. 

Observation 5: After introducing CE level based paging carrier configuration, we think paging capacity can be increased. Therefore, the total number of paging carriers could be kept same, e.g., maxNonAnchorCarriers-NB-r14 or even be reduced.

3 Conclusions

In this contribution, we make the following observations and proposal:

Observation 1a: For the Option 2, to explicitly assign anchor carrier to (a large part of) the poor coverage UEs may be not able to achieve the benefit of power boosting but cause congestion on anchor carrier. (Issue#1)
Observation 1b: For the Option 2, as generally eNB doesn't care the previous assignment in last connection for a certain UE, there is also a potential issue that the assigned paging carrier becomes unavailable after SIB update. (Issue#2)

Observation 1c: For the Option 2, we assume the assigned paging carrier needs to be stored in core network and sent back to eNB in next paging. But what’s the format of the assigned paging carrier in the S1/NG interface and core network storage needs further discussion. Absolute value of EARFCN looks better for avoiding unmatched issue but it has issue of signaling overhead. (Issue#3)

Observation 2: Similar as some other paging assistance parameters, such coverage level information is likely to be delivered to the MME/AMF, stored there and sent back to the eNB at next time paging. It’s also possible that MME/AMF may need to consider this parameter when it applies the core network paging principles.

Observation 3: CEL-based paging carrier selection can achieve same results as the scheme with carrier specific DRX cycle configuration for the UE with short DRX cycle and in good coverage. But to select paging carrier purely based on carrier specific DRX cycle cannot correctly work for the UE with short DRX cycle but in bad coverage.
Observation 4a: WUS in last serving cell and paging probability based GWUS are already kind of cell/carrier selection related to services. 

Observation 4b: Paging carrier selection for enhanced coverage restriction UE can be implemented indirectly by paging carrier selection based on CE level. 

Observation 5: After introducing CE level based paging carrier configuration, we think paging capacity can be increased. Therefore, the total number of paging carriers could be kept same, e.g., maxNonAnchorCarriers-NB-r14 or even be reduced.

Proposal 1a: The option that network directly (explicitly) provides the paging carrier to the UE during last RRC connection is not pursued.
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.
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.

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).
Proposal 3a: eNB sends Rmax-paging information to not only MME/AMF but also UE during connection release stage. 

Proposal 3b: The provision of Rmax-paging information from eNB to UE can be used as an implicit enable indication to trigger CEL-based paging carrier selection in UE.

Proposal 3c: UE can send request to eNB to request provision of eNB’s evaluation on Rmax-paging when UE in RRC connected mode.

Proposal 3d: UE can send reference CE Level information to eNB along with the request mentioned in proposal 3c. 

Proposal 3e: for Enhanced Coverage Restricted UE, the procedure in proposal 3a~3d can be skipped. Both UE and eNB can always use same Rmax-paging (e.g. Rmax-paging=1) for for normal coverage.

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.
Proposal 4: When CEL-based paging carrier selection is supported, the current paging carrier selection formula may need to be update to apply sub-set carrier(s) which have same Rmax-paging configuration as that provided to UE.
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.

Proposal 6: Before new use cases are identified, we don’t pursue service based carrier selection scheme.

Proposal 7a: In order to support CE level based paging, it should be allowed that paging carriers can be configured per CEL.
Proposal 7b: It should be allowed that the paging related parameters, e.g., the npdcch-NumRepetitionPaging, defaultPagingCycle and nB can be configured for the carrier(s) for a certain CEL. The npdcch-NumRepetitionPaging and nB needs to be same for all the carriers for a certain CEL. 
Proposal 7c: RAN2 discuss how to provide CE level based paging carrier configuration.
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