3GPP TSG RAN WG2 #116-e
Tdoc R2-2110695

Online, 1 – 12 Nov 2021


Agenda Item:
9.1.3
Source: 
Qualcomm Incorporated
Title:    
Signalling for coverage-based paging carrier selection
Document for:

Discussion and decision
1 Introduction
During RAN2#114-e, further progress was made on the following Release 17 WI objective [1] and a number of agreements reached [2]:
•
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]
This document is to progress the work on the following agrements:

	RAN2#114-e agreements:
· Rel-17 paging carriers and the legacy paging carriers should be exclusive.

· Rel-17 paging carrier configuration is provided in broadcast signalling.


This document is a re-submission of R2-2107124 with updates.
2 Discussion
It has been agreed that Release 17 paging carriers and legacy paging carriers should exclusive, i.e., a paging carrier configured with legacy signalling shall not be configured with Release 17 signalling and vice versa. This means a new Release 17 PCCH configuration is required to configure coverage-based paging carrier. A contribution in [3] proposes an example signalling. We think for each coverage-based paging carrier the need or absence of the various PCCH parameters are as shown in Table 1.

Table 1 View on parameters for coverage-based paging carrier
	Parameter
	Present
	Reason

	PagingCycle
	Optional (R13)
	If paging carrier specific DRX is agreed to be supported. The signalling proposed in Table 2 assumes carrier specific DRX support with all value range as in Release 16.

	nB
	Optional (R13)
	We think this goes with presence of paging carrier specific DRX cycle.

	npdcch-NumRepetitionPaging
	Mandatory (R13/14)
	The whole intention of this feature is to be able to configure a lower Rmax and for legacy paging carriers.

	pagingWeight
	Not needed (R14)
	It is highly unlikely there would be more than one paging carrier for a specific coverage level lower than maximum coverage level in the cell. For that reason, if a coverage-based paging carrier is more appropriate for a UE then it should always select that carrier.

	Coverage Level 
	Maybe, (new)
	This is needed if paging carrier selection done based on NRSRP. 
This is not needed if paging carrier selection done based on the estimated Rmax, in which case npdcch-NumRepetitionPaging is sufficient but in this case no two coverage-based paging carriers configured should be configured with the same value for npdcch-NumRepetitionPaging.
The signalling proposed in Table 2 assumes paging carrier selection is based on NRSRP.


Proposal 1: Paging Weight is not used for selecting coverage-based paging carrier.

Proposal 2: npdcch-NumRepetitionPaging is always configured for each coverage-based paging carrier.

Proposal 3: nB is optionally configured for each coverage-based paging carrier.

In legacy signalling, up to two downlink non-anchor carrier lists can be broadcasted if cell supports mixed operation mode:

· dl-ConfigList-r14 list contains all the downlink non-anchor carriers in the same mode as the downlink anchor carrier, 

· dl-ConfigListMixed-r15 contains all the downlink non-anchor carriers in a different mode than the downlink anchor carrier.

Only a UE that supports mixedOperationMode is required to use the dl-ConfigListMixed-r15 in addition to the dl-ConfigList-r14.

For coverage-based paging carrier selection, it should not be a prerequisite for the UE to support mixedOperationMode. Therefore, coverage-based paging carrier selection should be possible to use by a UE without the need to support mixedOperationMode.

Proposal 4: Coverage-based paging carrier configuration shall be separate for non-mixed operation mode and for mixed operation mode.
Proposal 5: Only a UE supporting mixedOperationMode and coverage-based paging carrier selection is required to use mixed operation mode coverage-based configuration.
Proposal 6: If both mixed mode and non-mixed mode coverage-based paging carriers are configured then UE supporting mixed mode treats this as a single list with non-mixed mode coverage-based paging carriers having index lower than the mixed mode coverage-based paging carriers.
Based on the above, the signalling for coverage-based paging carrier configuration is shown in Table 2. It is assumed this signalling is added to SIB22-NB but principle is the same for including this signalling in another SIB.
Table 2 Coverage-based paging carrier signalling
-- 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-ConfigListWithCoverage-v17xy
DL-ConfigCommonList-NB-v17xy OPTIONAL, -- Need OR

dl-ConfigListMixedWithCoverage-v17xy
DL-ConfigCommonList-NB-v17xy OPTIONAL -- Need OR

]]

}
--- other existing IEs omitted ----
DL-ConfigCommonList-NB-v17xy ::= SEQUENCE (SIZE (1.. maxNonAnchorCarriers-NB-r14)) OF DL-ConfigCommon-NB-r17
--- other existing IEs omitted ----
DL-ConfigCommon-NB-r17 ::= SEQUENCE { 

dl-CarrierConfig-r17 DL-CarrierConfigCommon-NB-r14 OPTIONAL, -- Need OR 
pcch-Config-r17 PCCH-Config-NB-r17 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-NB-r17 ::= SEQUENCE { 

carrierSpecificPagingCycle-r17 ENUMERATED {rf32, rf64, rf128, rf256, rf512, rf1024, spare2, spare1}










, OPTIONAL -- Need OP
carrierSpecific-nB-r17 ENUMERATED {fourT, twoT, oneT, halfT, quarterT, one8thT, one16thT, one32ndT, 








one64thT, one128thT, one256thT, one512thT, one1024thT, spare3,








spare2, spare1}, OPTIONAL -- Need OP
npdcch-NumRepetitionPaging-r17 ENUMERATED {r1, r2, r4, r8, r16, r32, r64, r128, r256, r512, r1024,












r2048, spare4, spare3, spare2, spare1},


carrierSpecificCoverageLevel-r17 RSRP-Range,


...

}
Table 2 Coverage-based paging carrier signalling description
	SystemInformationBlockType22-NB field descriptions

	carrierSpecificCoverageLevel
Provides the minimum coverage level for the DL non-anchor carrier.

	dl-CarrierConfig
For FDD: Provides the configuration of the DL non-anchor carrier.

For TDD: Provides the configuration of the non-anchor carrier.

	dl-ConfigList, dl-ConfigListMixed, dl-ConfigListWithCoverage
For FDD: List of DL non-anchor carriers and associated configuration that can be used for paging and/or random access. E-UTRAN configures DL non-anchor carriers operating in mixed operation mode only in dl-ConfigListMixed and only a UE that supports mixed operation mode uses the carriers in dl-ConfigListMixed. E-UTRAN configures DL non-anchor paging carriers with coverage information only in dl-ConfigListWithCoverage and only UEs supporting coverage-based paging carrier selection uses the carriers in dl-ConfigListWithCoverage. E-UTRAN configures DL non-anchor paging carriers with coverage information only in dl-ConfigListMixedWithCoverage and only UEs supporting mixed mode operation and coverage-based paging carrier selection uses the carriers in dl-ConfigListMixedWithCoverage. A given DL non-anchor carrier is either signalled in at most one of the four lists: thein dl-ConfigList, or in dl-ConfigListMixed, in dl-ConfigListWithCoverage or in dl-ConfigListMixedWithCoverage.
If dl-ConfigListMixed is present and at least one of the carriers in dl-ConfigListMixed is configured for paging:
-
If pagingDistribution is present, the UE supporting mixed operation mode creates a combined list of DL carriers for paging by appending dl-ConfigListMixed to the dl-ConfigList while maintaining the order among dl-ConfigList and dl-ConfigListMixed; the total number of signalled DL non-anchor carriers cannot be more than maxNonAnchorCarriers-NB-r14.

-
If pagingDistribution is absent, the UE supporting mixed operation mode uses the list of DL carriers for paging provided in dl-ConfigListMixed and considers pagingWeightAnchor being set to w0, i.e. the anchor carrier is not used.
Otherwise, the pagingDistribution field is not applicable and the UE shall ignore the value.
If dl-ConfigListMixedWithCoverage is present:
-
If the UE supporting both mixed operation mode and coverage-based paging carrier creates a combined list of DL carriers for paging by appending dl-ConfigListMixedWithCoverage to the dl-ConfigListWithCoverage while maintaining the order among dl-ConfigListWithCoverage and dl-ConfigListMixedWithCoverage; the total number of signalled DL non-anchor carriers cannot be more than maxNonAnchorCarriers-NB-r14.

For TDD: List of non-anchor carriers and associated configuration that can be used for paging and/or random access.

	gwus-Config

For FDD: Carrier specific GWUS Configuration.

If both gwus-Config and wus-Config are present for the carrier, E-UTRAN configures the same value for both fields.

	mixedOperationModeConfig

For FDD: Provides the configuration of DL and UL non-anchor carriers that can be used for paging and random access by a UE that supports mixed operation mode.
For TDD: This parameter is absent.

	npdcch-NumRepetitionPaging

Maximum number of repetitions for NPDCCH common search space (CSS) for paging, see TS 36.213 [23], clause 16.6.

If the field is absent, the value of npdcch-NumRepetitionPaging configured in SystemInformationBlockType2-NB in IE pcch-Config applies.

	nprach-Distribution

Indicates which UL carriers a UE supporting mixed operation mode uses for random access as defined in description of ul-ConfigList, ul-ConfigListMixed. 

	nprach-ParametersList, nprach-ParametersList-EDT

Configure NPRACH parameters for each NPRACH resource on one non-anchor UL carrier. Up to three NPRACH resources can be configured on one non-anchor UL carrier. Each NPRACH resource is associated with a different number of NPRACH repetitions.

NPRACH resources in nprach-ParametersListEDT are used to initiate EDT. Each NPRACH resource is associated with a maximum TBS signalled in the corresponding entry of edt-TBS-InfoList in SystemInformationBlockType2-NB.

E-UTRAN includes the same number of entries, and listed in the same order, as in nprach-ParametersList in SystemInformationBlockType2-NB.

	nprach-ParametersListTDD

For TDD: Configure NPRACH parameters for each NPRACH resource on one non-anchor UL carrier. Up to three NPRACH resources can be configured on one non-anchor UL carrier. Each NPRACH resource is associated with a different number of NPRACH repetitions.

E-UTRAN includes the same number of entries in nprach-ParametersListTDD, and listed in the same order, as in nprach-ParametersListTDD in SystemInformationBlockType2-NB..

	nprach-ProbabilityAnchor

Configure the selection probability for the anchor carrier NPRACH resource, see TS 36.321 [6]. Value zero corresponds to a probability of 0, oneSixteenth corresponds to the probability of 1/16, oneFifteenth corresponds to the probability of 1/15, and so on.

If the field is absent, the selection probability of the anchor carrier NPRACH resource is 1.
All non-anchor carriers NPRACH resources have equal probability between them.

If there is no NPRACH resource defined on the anchor carrier for one repetition level in nprach-ParametersList-EDT, (respectively nprach-ParametersListFmt2, nprach-ParametersListFmt2-EDT), the UE shall use the value 'zero' and ignore the signalled value of nprach-ProbabilityAnchor for this repetition level for the NPRACH resources defined by nprach-ParametersList-EDT (respectively nprach-ParametersListFmt2, nprach-ParametersListFmt2-EDT).

	nprach-ProbabilityAnchorList

Configures the selection probability for each NPRACH resource on the anchor carrier.
E-UTRAN includes the same number of entries, and listed in the same order, as in nprach-ParametersList in SystemInformationBlockType2-NB.

	pagingDistribution

Indicates which DL carriers a UE supporting mixed operation mode monitors for paging as defined in description of dl-ConfigList, dl-ConfigListMixed.

	pagingWeight

Weight of the non-anchor paging carrier for uneven paging load distribution across the carriers. Value w1 corresponds to a relative weight of 1, w2 corresponds to a relative weight of 2, and so on.

The paging load for a carrier 'i' is equal to w(i)/W where i is equal to 0 for the anchor carrier and equal to the index of the carrier in the dl-ConfigList / dl-ConfigListMixed for a non-anchor carrier, W is the sum of the weights of all paging carriers.

To avoid correlation between paging carrier and paging occasion, the weights should be assigned such that: nB * W <= 16384.

	pagingWeightAnchor

Weight of the anchor carrier for uneven paging load distribution across the carriers. Value w1 corresponds to a relative weight of 1, w2 corresponds to a relative weight of 2, and so on.

If the field is absent, the (default) value of w0 is applied, i.e. the anchor carrier is not used for paging.

	pcch-Config

Configure the PCCH parameters for the non-anchor DL carrier.

	tdd-UL-DL-AlignmentOffset

Indicates the offset between the UL carrier frequency center with respect to DL carrier frequency center for the non-anchor carrier.

	ul-CarrierFreq

For FDD: UL carrier frequency of the non-anchor carrier as defined in TS 36.101 [42], clause 5.7.3F.

For TDD: This field is absent and the uplink carrier frequency is same as the downlink frequency.

	ul-ConfigList, ul-ConfigListMixed
For FDD: List of UL non-anchor carriers and associated configuration that can be used for random access. E-UTRAN configures UL non-anchor carriers operating in mixed operation mode only in ul-ConfigListMixed and only a UE that supports mixed operation mode uses the carriers in ul-ConfigListMixed. A given carrier is either signalled in the ul-ConfigList or in ul-ConfigListMixed.

If ul-ConfigListMixed is present and at least one of the carriers in ul-ConfigListMixed is configured for random access:

-
If nprach-Distribution is present, the UE supporting mixed operation mode creates a combined list of UL carriers for random access by appending ul-ConfigListMixed to the ul-ConfigList while maintaining the order among both ul-ConfigList and ul-ConfigListMixed; the total number of signalled UL non-anchor carriers cannot be more than maxNonAnchorCarriers-NB-r14.

-
If nprach-Distribution is absent, the UE supporting mixed operation mode uses the list of UL carriers for random access provided in ul-ConfigListMixed and considers nprach-ProbabiliyAnchor being set to zero for each NPRACH resource, i.e. the anchor carrier is not used for random access.
Otherwise, the nprach-Distribution field is not applicable and the UE shall ignore the value.

For TDD: E-UTRAN configures ul-ConfigList-r15 and includes the same number of entries as in dl-ConfigList. The UL carrier frequency of the non-anchor carrier is same as the DL carrier frequency.

	wus-Config

For FDD: Carrier specific WUS Configuration.


Proposal 7: RAN2 consider the signalling proposed in Table 2 as a baseline.

Summary

This document considers the previous agreements and proposes signalling to implement the agreements. The document also considers which parameters for coverage-based paging carrier are needed and which are not needed.
Proposal 1:
Paging Weight is not used for selecting coverage-based paging carrier.
Proposal 2:
npdcch-NumRepetitionPaging is always configured for each coverage-based paging carrier.
Proposal 3:
nB is optionally configured for each coverage-based paging carrier.
Proposal 4:
Coverage-based paging carrier configuration shall be separate for non-mixed operation mode and for mixed operation mode.
Proposal 5:
Only a UE supporting mixedOperationMode and coverage-based paging carrier selection is required to use mixed operation mode coverage-based configuration.
Proposal 6:
If both mixed mode and non-mixed mode coverage-based paging carriers are configured then UE supporting mixed mode treats this as a single list with non-mixed mode coverage-based paging carriers having index lower than the mixed mode coverage-based paging carriers.
Proposal 7:
RAN2 consider the signalling proposed in Table 2 as a baseline.
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