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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, 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. However, no agreement has been achieved.

In RAN2 #113e meeting, the discussion focus on the two different options, e.g., some aspects of these options and pros/cons of each option:

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

· Option 2: NW configures a specific paging carrier

But still no progress has made. RAN2 only had the working assumption that for both options, when coverage changes, mechanism that requires UE to report the update of coverage is not introduced. 
No further progress has made in RAN2 #113bise meeting. 
In RAN2 #114e meeting, based on email discussion, the following agreements have been made. Both option 1 and option 2 are further clarified but RAN2 still haven't made the final decision on which option would be specified:
	· 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 RAN2 #115e meeting, based on email discussion, the following agreements have been made:
	Agreements

· Support coverage or carrier specific DRX configurations, FFS details.

· UE capability for Rel-17 paging carrier selection should be introduced
· UE metric for determining carrier suitability and selection is based on NRSRP.

· Use a hysteresis/longer averaging/timer for UE metric based on NRSRP.

· FFS whether to introduce new UE report and/or whether to mandate support of existing Msg5 reporting


After RAN2 #115 e-meeting, email discussion “[Post115e][302][NBIOT/eMTC R17] carrier selection” focus on the comparison between Option 1c and Option 2a, and also Alt1 vs Alt2 for Option 1c. In this contribution, we will further discuss the remaining FFSs and give detailed text proposal for our preferred Option 1c. 
2 Discussion

2.1 coverage or carrier specific DRX configurations 
During email discussion “[Post115e][302][NBIOT/eMTC R17] carrier selection”, it seems more companies think carrier specific DRX configuration is not needed. The main reason is that DRX cycle configuration is also linked to the Rmax and paging carrier with lower Rmax can support the DRX cycles of shorter values already. Moreover, companies prefer less selection criteria for paging carrier selection. 
Even we think to support carrier specific DRX configuration can bring a certain flexibility, we are also fine to only support coverage specific DRX in R17 as we have sympathy with other companies’ comments. With coverage specific DRX configuration, for all the carriers corresponding to a same Rmax, they should be configured with same DRX cycle.

Proposal 1: The coverage specific DRX configuration is supported.

2.2 UE metric for determining carrier suitability 

In last RAN2 meeting, RAN2 has agreed UE metric for determining carrier suitability and selection is based on NRSRP. In previous discussion, company has proposed to configure a NRSRP range for each coverage level in the R17 carrier list. We think this may be helpful for UE to know a valid range of an assigned Rmax. For example, if the measured RSRP is below this valid range, UE can simply assume the coverage situation become worse and the assigned Rmax is no longer valid. We are fine to further discuss the details of such NRSRP range.

Proposal 2a: RAN2 discuss whether a NRSRP range needs to be configured for R17 paging carrier list which can assist carrier suitability determination.

In last meeting, RAN2 also agree to consider a hysteresis/longer averaging/timer for UE metric based on NRSRP. However, the justification and benefit are still unclear. As we prefer not to specify too much about UE metric for determining carrier suitability, we suggest to leave such hysteresis/longer averaging/timer to UE implementation.

Proposal 2b: The hysteresis/longer averaging/timer for UE metric for determining carrier suitability can be left to UE implementation.

2.3 Detailed specification impacts of Option 1c 

2.3.1 Coverage level information definition
In previous meeting, there were some discussion about the coverage level terminology and how to determine it. As this CE level is mainly for determining the DL repetitions for paging messages, more companies have a thought that this coverage level information is not directly related to NPRACH CE level which is determined based on comparison between NRSRP measurement results and the RSRP thresholds. 
Per our understanding, in the context of Option 1c, the eNB can estimate UE’s coverage level based on the service quality in connected mode. Such information already can be acquired by eNB and sent to MME/AMF for subsequent PAGING (in UEPagingCoverageInformation-NB-> npdcch-NumRepetitionPaging in the following table). 

	TS 36.413

9.2.1.109 Cell Identifier and Coverage Enhancement Level

This IE provides information for paging CE capable UEs.

IE/Group Name

Presence

Range

IE type and reference

Semantics description

Global Cell ID

M

E-UTRAN CGI 9.2.1.38

Coverage Enhancement Level

M

OCTET STRING

Includes either the UEPagingCoverageInformation message as defined in 10.2.2 of TS 36.331 [16], or the UEPagingCoverageInformation-NB message as defined in 10.6.2 of TS 36.331 [16].

TS 36.331

UEPagingCoverageInformation-NB message
-- ASN1START

UEPagingCoverageInformation-NB ::= SEQUENCE {


criticalExtensions




CHOICE {



c1








CHOICE{




uePagingCoverageInformation-r13


UEPagingCoverageInformation-NB-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

UEPagingCoverageInformation-NB-IEs ::= SEQUENCE {

--
the possible value(s) can differ from those sent on Uu


npdcch-NumRepetitionPaging-r13


INTEGER (1..2048)
OPTIONAL,

nonCriticalExtension




SEQUENCE {}

OPTIONAL

}

-- ASN1STOP


Here the CE Level information can reflect the required repetitions for NPDCCH decoding. Moreover, it’s already in eNB implementation and no need of much specification work. E.g, we don’t need to specify how to determine the CE level but only need to define the procedure for delivering such DL CE level information evaluated by eNB to the UE. 

Proposal 3a: For Option 1c, the coverage level information assigned to UE can be a certain Rmax/NPDCCH repetitions for decoding NPDCCH evaluated by eNB.
There were also some discussion on whether MME can aware of this coverage level information assigned to UE. Per our understanding, this assigned Rmax should be delivered to the MME/AMF, stored there and sent back to the eNB at next time paging. This already can be supported with current RAN3 specification or just need minor enhancement.
It’s also possible that MME/AMF may need to consider this parameter when it applies the core network paging principles. 

Proposal 3b: The Rmax assigned to UE should 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. 
2.3.2 Improvement on paging carrier selection rules 
Based on previous proposals, after a Rmax information is assigned to UE by the network via UE specific signalling, UE can perform the CEL-based paging carrier selection, e.g. selects a paging carrier by matching the UE’s assigned Rmax to the carrier’s npdcch-NumRepetitionPaging configured in SIB. Accordingly, the current paging carrier selection formula can be reused and the only need is to apply sub-set carrier list instead of a complete carrier list.
Proposal 4: For Option 1c, when CEL-based paging carrier selection is supported, the current paging carrier selection formula can be reused and the only need is to use sub-set carrier(s) list which have consistent Rmax configuration as that assigned to UE.

Here we give example text proposal to explain the possible impacts on UE carrier selection:

	Example TP for TS 36.304:
<Start of the change>
7.1
Discontinuous Reception for paging

// skip the unrelated part//
-
W(i): Weight for NB-IoT paging carrier i.

-
W: Total weight of all NB-IoT paging carriers configured within PCCH-Config-NB-r14, i.e. W = W(0) + W(1) + … + W(Nn-1). If UE monitors GWUS according to clause 7.5.1, Total weight of all NB-IoT paging carriers configured with GWUS. If UE selects paging carrier based coverage enhanced level and UE does not monitor GWUS according to clause 7.5.1, W is the total weight of all NB-IoT paging carriers configured within PCCH-Config-NB-r17 and with the smallest value of npdcch-NumRepetitionPaging-r17 that is larger than or equal to the npdcch-NumRepetitionPaging-r17 assigned to UE; If UE selects paging carrier based coverage enhanced level and UE monitors GWUS according to clause 7.5.1, W is the total weight of all NB-IoT paging carriers configured within PCCH-Config-NB-r17 and with the smallest value of npdcch-NumRepetitionPaging-r17 that is larger than or equal to the npdcch-NumRepetitionPaging-r17 configured to UE, and configured with GWUS.
IMSI is given as sequence of digits of type Integer (0..9), IMSI shall in the formulae above be interpreted as a decimal integer number, where the first digit given in the sequence represents the highest order digit.

For example:


IMSI = 12 (digit1=1, digit2=2)

In the calculations, this shall be interpreted as the decimal integer "12", not "1x16+2 = 18".

5G-S-TMSI is a 48 bit long bit string as defined in TS 23.501 [39]. 5G-S-TMSI shall in the PF and i_s formulae above be interpreted as a binary number where the left most bit represents the most significant bit.

<End of the change>


2.3.3 Provision of R17 paging carrier configuration

Based on the RAN2 agreement, if CEL-based paging carrier selection is supported, an exclusive R17 paging carrier configuration would be supported.

Firstly, similar as that in NPRACH, it should be allowed to configure paging carriers per Rmax/CEL. For flexibility, we assume setting with multiple granular and smoothly increased Rmax is needed. But in order to simplify the related network configuration, a few number of Rmax values, e.g., 3 or 4 values may be sufficient.
Proposal 5a: In R17 paging carrier configuration, paging carriers can be configured per Rmax/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).

Moreover, according to proposal 5a, it should be further required that paging resource parameters, e.g., npdcch-NumRepetitionPaging and nB needs to be same for all the carriers configured for a certain Rmax/CEL. For the carriers for different Rmax/CEL, these parameters can be configured differently. 

According to Proposal 1, after support of coverage specific DRX cycle configuration, it’s also required that defaultPagingCycle should also be same for all the carriers configured for a certain Rmax/CEL.

Proposal 5b: 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 Rmax/CEL. These parameters needs to be same for all the carriers for a certain Rmax/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 Rmax/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 Rmax/CEL, can be optional. That means the content for each Rmax/CEL can be separately configured and is allowed to be totally skipped. With such configuration, different Rmax/CEL can finally have different NPRACH carrier list.
· Alt2: To explicitly introduce new R17 paging carrier list in which the paging carriers are grouped per Rmax/CEL and with the corresponding paging related parameters.

Generally, the Alt1 seems to impact specification less while Alt2 is clearer but need more signaling overhead. RAN2 needs further discussion on this.
In the following, we give an example for CEL-based paging carrier parameter configuration:

	SystemInformationBlockType22-NB information element
-- ASN1START

SystemInformationBlockType22-NB-r14 ::=
SEQUENCE {


dl-ConfigList-r14




DL-ConfigCommonList-NB-r14
OPTIONAL,
-- Need OR


ul-ConfigList-r14




UL-ConfigCommonList-NB-r14
OPTIONAL,
-- Need OR


pagingWeightAnchor-r14



PagingWeight-NB-r14


OPTIONAL,
-- Cond pcch-config


nprach-ProbabilityAnchorList-r14
NPRACH-ProbabilityAnchorList-NB-r14
OPTIONAL,
-- Cond nprach-config


lateNonCriticalExtension


OCTET STRING




OPTIONAL,


...,


[[
mixedOperationModeConfig-r15
SEQUENCE {




dl-ConfigListMixed-r15


DL-ConfigCommonList-NB-r14
OPTIONAL,
-- Cond dl-ConfigList




ul-ConfigListMixed-r15


UL-ConfigCommonList-NB-r14
OPTIONAL,
-- Cond ul-ConfigList




pagingDistribution-r15


ENUMERATED {true}


OPTIONAL,
-- Need OR




nprach-Distribution-r15


ENUMERATED {true}


OPTIONAL
-- Need OR



}















OPTIONAL,
-- Need OR



ul-ConfigList-r15



UL-ConfigCommonListTDD-NB-r15
OPTIONAL
-- Cond TDD


]]

}

DL-ConfigCommonList-NB-r14 ::=

SEQUENCE (SIZE (1.. maxNonAnchorCarriers-NB-r14)) OF












DL-ConfigCommon-NB-r14

UL-ConfigCommonList-NB-r14 ::=

SEQUENCE (SIZE (1.. maxNonAnchorCarriers-NB-r14)) OF












UL-ConfigCommon-NB-r14

UL-ConfigCommonListTDD-NB-r15 ::=
SEQUENCE (SIZE (1.. maxNonAnchorCarriers-NB-r14)) OF












UL-ConfigCommonTDD-NB-r15

DL-ConfigCommon-NB-r14 ::=


SEQUENCE {


dl-CarrierConfig-r14



DL-CarrierConfigCommon-NB-r14,


pcch-Config-r14




PCCH-Config-NB-r14


OPTIONAL, -- Need OR


...,


[[
wus-Config-r15




WUS-ConfigPerCarrier-NB-r15

OPTIONAL
-- Cond WUS


]],


[[
gwus-Config-r16




WUS-ConfigPerCarrier-NB-r15

OPTIONAL
-- Cond GWUS


]],


[[
pcch-Config-r17




PCCH-Config-NB-r17

OPTIONAL -- Cond pcch-Config-r14

]]
}

PCCH-Config-NB-r14 ::=



SEQUENCE {


npdcch-NumRepetitionPaging-r14

ENUMERATED {












r1, r2, r4, r8, r16, r32, r64, r128,












r256, r512, r1024, r2048,












spare4, spare3, spare2, spare1} OPTIONAL, -- Need OP


pagingWeight-r14





PagingWeight-NB-r14
DEFAULT w1,


...

}

PCCH-Config-NB-r17 ::=



SEQUENCE {


npdcch-NumRepetitionPaging-r17

ENUMERATED {












r1, r2, r4, r8, r16, r32, r64, r128,












r256, r512, r1024, r2048,












spare4, spare3, spare2, spare1} OPTIONAL, -- Need OP


pagingWeight-r17





PagingWeight-NB-r14
DEFAULT w1,

    defaultPagingCyclePerRmax-r17

ENUMERATED {rf32, rf64, rf128, rf256, rf512, rf1024}













OPTIONAL,
-- Need OR,


nB-PerRmax-r17





ENUMERATED {













fourT, twoT, oneT, halfT, quarterT, one8thT,













one16thT, one32ndT, one64thT,













one128thT, one256thT, one512thT, one1024thT,













spare3, spare2, spare1}
OPTIONAL,
-- Need OR,

...

}

PagingWeight-NB-r14
::=


ENUMERATED {w1, w2, w3, w4, w5, w6, w7, w8,













w9, w10, w11, w12, w13, w14, w15, w16}

UL-ConfigCommon-NB-r14 ::=


SEQUENCE {


ul-CarrierFreq-r14




CarrierFreq-NB-r13,


nprach-ParametersList-r14


NPRACH-ParametersList-NB-r14
OPTIONAL, -- Need OR


...,


[[
nprach-ParametersListEDT-r15
NPRACH-ParametersList-NB-r14
OPTIONAL -- Cond EDT


]]

}

UL-ConfigCommonTDD-NB-r15 ::=

SEQUENCE {


tdd-UL-DL-AlignmentOffset-r15

TDD-UL-DL-AlignmentOffset-NB-r15,


nprach-ParametersListTDD-r15

NPRACH-ParametersListTDD-NB-r15
OPTIONAL, -- Need OR


...

}

NPRACH-ProbabilityAnchorList-NB-r14 ::=
SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF













NPRACH-ProbabilityAnchor-NB-r14

NPRACH-ProbabilityAnchor-NB-r14 ::=

SEQUENCE {


nprach-ProbabilityAnchor-r14


ENUMERATED {













zero, oneSixteenth, oneFifteenth, oneFourteenth,













oneThirteenth, oneTwelfth, oneEleventh, oneTenth,













oneNinth, oneEighth, oneSeventh, oneSixth,













oneFifth, oneFourth, oneThird, oneHalf}















OPTIONAL
-- Need OP

}

-- ASN1STOP

SystemInformationBlockType22-NB field descriptions
……….
defaultPagingCyclePerRmax
Default paging cycle configured per carrier, used to derive 'T' in TS 36.304 [4]. Value rf132 corresponds to 32 radio frames, rf64 corresponds to 64radio frames and so on. If absent, the value of defaultPagingCycle in SIB2 is applied.
……….
nB-PerRmax
Parameter: nB-PerCarrier is used as one of per carrier parameters to derive the Paging Frame and Paging Occasion according to TS 36.304 [4]. Value in multiples of 'T' as defined in TS 36.304 [4]. A value of fourT corresponds to 4 * T, a value of twoT corresponds to 2 * T and so on. If absent, the value of nB in SIB2 is applied.
………
pcch-Config

Configure the PCCH parameters for the non-anchor DL carrier.
If pcch-Config-r17 is configured in a cell, the UE supporting Coverage Enhanced Level based paging carrier selection will only select the carrier with pcch-Config-r17 configured for paging. The UE not supporting Coverage Enhanced Level based paging carrier selection does not select the carrier with pcch-Config-r17 configured for paging.
Conditional presence
Explanation
pcch-Config-r14
This field is optionally present, Need OR, if the field pcch-Config-r14 is absent. Otherwise the field is not present.



Proposal 5c: RAN2 discuss the signaling aspects for providing CE level based paging carrier configuration.

3 Conclusions

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

Proposal 1: The coverage specific DRX configuration is supported.
Proposal 2a: RAN2 discuss whether a NRSRP range needs to be configured for R17 paging carrier list which can assist carrier suitability determination.
Proposal 2b: The hysteresis/longer averaging/timer for UE metric for determining carrier suitability can be left to UE implementation.
Proposal 3a: For Option 1c, the coverage level information assigned to UE can be a certain Rmax/NPDCCH repetitions for decoding NPDCCH evaluated by eNB.
Proposal 3b: The Rmax assigned to UE should 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.
Proposal 4: For Option 1c, when CEL-based paging carrier selection is supported, the current paging carrier selection formula can be reused and the only need is to use sub-set carrier(s) list which have consistent Rmax configuration as that assigned to UE.

Proposal 5a: In R17 paging carrier configuration, paging carriers can be configured per Rmax/CEL.
Proposal 5b: 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 Rmax/CEL. These parameters needs to be same for all the carriers for a certain Rmax/CEL.

Proposal 5c: RAN2 discuss the signaling aspects for providing CE level based paging carrier configuration.
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