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Discussion and Decision
1      Introduction
In the last RAN 2 meeting, it is agreed that to perform uneven paging distribution based on the weightage configured for each carriers by the eNB:

· Uneven paging load distribution between anchor and non-anchor carriers is supported. Weighted distribution between all carriers (Option d) 
Also in the email discussion [1], such uneven paging distribution is also being discussed. 

In this contribution, we discuss further on how to perform the uneven paging distribution among Rel-14 NB-IoT UE based on the weightage given for each carrier (i.e. anchor and non-anchor carriers). The Stage-3 configuration for supporting this is also provided. Also there is a need to update the UE_ID determination due to use of carriers for paging distribution. 
2      Discussion
It is agreed in the last meeting to perform uneven paging distribution based on a weight provided for each carrier by the eNB. In the next section, we discuss the granularity of the weight and the formula that can be used for performing the uneven paging distribution 
2.1     Uneven paging distribution formulation
The granularity of the weight can be derived based on the maximum number of paging carriers. In eMTC, it is agreed that the maximum number of paging narrowband is 16. We think that this is also a possible value for the NB-IoT. In this case, the weight granularity should be 1/16 = 0.0625 or 6.25%. Hence the range of the weight (W) for a non-anchor (say i) carrier can be:

W(i) = EUNUMERATED {0, 6.25%, 12.5%,….,93.75%}where 1 is 6.25%, 2 is 12.5% and so on. It can also be represented as an integer (i.e. INTEGER{1..16})  

Assume that the UE is assigned uniformly across the IMSI, the formula for the NB-IoT Paging Carrier (NB-PC) can be defined as:
NB-PC is smallest number satisfying following equation

UE_ID < 4096*16*(W(1) + W(2) + … + W(NB-PC))

where Nn is the number of paging carriers provided in the system information, NB-PC is 1..Nn and W(i) is weighted distribution factors of Nn paging carriers and (W(1) + W(2) +….+W(Nn)) = 100%.

It is thus proposed to include the formula for deriving the carrier by a Rel-14 UE:

Proposal#1: The maximum number of carriers for paging (including the anchor carrier) is 16 (same as for Rel-13 eMTC paging)
Proposal#2: The formula for the NB-IoT Paging Carrier (NB-PC) can be defined as:

NB-PC is smallest number satisfying following equation

UE_ID < 4096*16*(W(1) + W(2) + … + W(NB-PC))

where Nn is the number of paging carriers provided in the system information, NB-PC is 1..Nn and W(i) is weighted distribution factors of Nn paging carriers and take values {0, 6.25%, 12.5%,….,93.75%} and (W(1) + W(2) +….+W(Nn)) = 100%.
2.2     ASN.1 structure in Stage 3
Paging configuration (pcch-Config) for non-anchor carrier should be signalled in SIB2 under radioResourceConfigCommon-r13.
The DL non-anchor carrier is used by not only for paging, but may also be used for mapping the Message 2 and Message 4 in the random access procedure. Hence there is a need to maintain the list of DL non-anchor carrier as a common IE as shown below (i.e. it is not in the PCCH configuration or in the NPRACH configuration). As on the PCCH configuration for the non-anchor carrier and the weight for each paging carrier can be defined as in radioResourceConfigCommon-r13 as shown below with the following characteristics:
· If PCCH configuration for Rel-14 is present, the list of non-anchor carriers for paging is mandatory (i.e. pcch-ConfigNonAnchorCarrierList-r14 is mandatory)
· The absence of the npdcch-NumRepetitionPagingNonAnchorCarrier means that the anchor carrier configuration is used. 
· The absence of the weight factor means that the UE ID is uniformly distributed among the paging carrier
SystemInformationBlockType2-NB information element
-- ASN1START
SystemInformationBlockType2-NB-r13 ::=
SEQUENCE {


radioResourceConfigCommon-r13


RadioResourceConfigCommonSIB-NB-r13,


ue-TimersAndConstants-r13



UE-TimersAndConstants-NB-r13,

freqInfo-r13






SEQUENCE {



ul-CarrierFreq-r13





CarrierFreq-NB-r13



OPTIONAL,-- Need OP



additionalSpectrumEmission-r13


AdditionalSpectrumEmission

},


timeAlignmentTimerCommon-r13


TimeAlignmentTimer,


multiBandInfoList-r13
SEQUENCE (SIZE (1..maxMultiBands)) OF AdditionalSpectrumEmission

OPTIONAL,-- Need OR

lateNonCriticalExtension




OCTET STRING




OPTIONAL,


...

-- ASN1STOP
RadioResourceConfigCommonSIB-NB information element
-- ASN1START
RadioResourceConfigCommonSIB-NB-r13 ::=
SEQUENCE {

rach-ConfigCommon-r13 




RACH-ConfigCommon-NB-r13,

bcch-Config-r13 






BCCH-Config-NB-r13,

pcch-Config-r13 






PCCH-Config-NB-r13,


nprach-Config-r13





NPRACH-ConfigSIB-NB-r13,


npdsch-ConfigCommon-r13




NPDSCH-ConfigCommon-NB-r13,


npusch-ConfigCommon-r13




NPUSCH-ConfigCommon-NB-r13,

dl-Gap-r13







DL-GapConfig-NB-r13


OPTIONAL,

-- Need OP

uplinkPowerControlCommon-r13


UplinkPowerControlCommon-NB-r13,

...,


[[
nprach-Config-v1330




NPRACH-ConfigSIB-NB-v1330
OPTIONAL

-- Need OR

]],

[[
dl-NonAnchorCarrierList-r14


DL-NonAnchorCarrierList-NB-r14

OPTIONAL -- Need OR


pcch-Config-v14xx 




PCCH-Config-NB-v14xx

OPTIONAL

-- Need OR

]]

}
BCCH-Config-NB-r13 ::=




SEQUENCE {


modificationPeriodCoeff-r13



ENUMERATED {n16, n32, n64, n128}

}

DL-NonAnchorcarrierList-NB-r14
::=

SEQUENCE (SIZE (1.. maxDL-NonAnchorCarriers-NB-r14)) OF DL-CarrierConfigDedicated-NB-r13
PCCH-Config-NB-r13 ::=




SEQUENCE {


defaultPagingCycle-r13




ENUMERATED {rf128, rf256, rf512, rf1024},


nB-r13








ENUMERATED {













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













one16thT, one32ndT, one64thT,












one128thT, one256thT, one512thT, one1024thT,












spare3, spare2, spare1},

npdcch-NumRepetitionPaging-r13


ENUMERATED {












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













r256, r512, r1024, r2048, 













spare4, spare3, spare2, spare1}

}
PCCH-Config-NB-v14xx ::=



SEQUENCE {


pcch-ConfigNonAnchorCarrierList-r14

SEQUENCE (SIZE (1.. maxNonAnchorPagingCarriers-NB-r14)) OF PCCH-ConfigNonAnchorCarrier-NB-r14


weightPagingCarrierList-r14



SEQUENCE (SIZE (1.. maxNonAnchorPagingCarriers-NB-r14+1)) OF PagingCarrierWeightFactor-NB-r14

OPTIONAL, 
-- need OR

}

PCCH-ConfigNonAnchorCarrier-NB-r14::=
SEQUENCE {


dl-CarrierIndex






INTEGER (1..maxDL-NonAnchorCarriers-NB-r14),


npdcch-NumRepetitionPagingNonAnchorCarrier-r14


ENUMERATED { 












r1, r2, r4, r8, r16, r32, r64, r128, r256,












r512, r1024, r2048, spare4, spare3, spare2, spare1}















OPTIONAL,
-- need OP
}

PagingCarrierWeightFactor-NB-r14::= INTEGER {1..16}

-- ASN1STOP
	RadioResourceConfigCommonSIB-NB field descriptions

	npdcch-NumRepetitionPagingNonAnchorCarrier
Maximum number of repetitions for NPDCCH common search space (CSS) for paging in non-anchor carrier, see TS 36.213 [23, 16.6]. if it is not present, the maximum number of repetitions for NPDCCH common search space for paging in non-anchor carrier is the same as in anchor carrier.

	weightPagingCarrierList 
Contains the paging distribution weight for each paging carrier. The first element corresponds to the paging distribution weight for the anchor carrier, the second element corresponds to the first non-anchor carrier and so on. If it is not present, the paging is uniformly distributed over all paging carrier. 


Proposal#3: Adopt the ASN.1 structure in Section 2.2 which have the following characteristics:

· The DL carrier configuration and paging configuration of the non-anchor carrier is in SIB2 under radioResourceConfigCommon-r13
· A common DL non-anchor carrier for both paging and random access Msg2 and Msg4 (i.e. dl-NonAnchorCarrierList-r14 should not be part of pcch-Config-v14xx)
· If PCCH configuration for Rel-14 is present, the list of non-anchor carrier for paging is mandatory (i.e. pcch-ConfigNonAnchorCarrierList-r14 is mandatory)
· The absence of the npdcch-NumRepetitionPagingNonAnchorCarrier means that the anchor carrier configuration is used. 
· The absence of the weight factor means that the UE ID is uniformly distributed among the paging carrier
2.3     UE ID determination
With the increase in the paging occasions to include the non-anchor PRB, the UE_ID determination needs to be modified to take into account of the extra paging occasions. For Rel-13, the UE_ID is:

· IMSI mod 4096, if P-RNTI is monitored on NPDCCH but UE does not support NB-PC over non-anchor carrier.

Like in eMTC, the new UE_ID for Rel-14 NBIOT is:

· IMSI mod (4096*maximum possible value of Nn), if P-RNTI is monitored on NPDCCH and UE supports NB-PC over non-anchor carrier.

Proposal#4: The UE_ID needs to be taken account of use of paging carriers:

· IMSI mod (4096*maximum possible value of Nn), if P-RNTI is monitored on NPDCCH and UE supports NB-PC over non-anchor carrier.
3      Conclusion
In this contribution, we discuss the issue related to the selection of the carriers for paging monitoring of the Rel-14 NB-IoT UE, and has the following proposals:
Proposal#1: The maximum number of carriers for paging (including the anchor carrier) is 16 (same as for Rel-13 eMTC paging)

Proposal#2: The formula for the NB-IoT Paging Carrier (NB-PC) can be defined as:

NB-PC is smallest number satisfying following equation

UE_ID < 4096*16*(W(1) + W(2) + … + W(NB-PC))

where Nn is the number of paging carriers provided in the system information, NB-PC is 1..Nn and W(i) is weighted distribution factors of Nn paging carriers and take values {0, 6.25%, 12.5%,….,93.75%} and (W(1) + W(2) +….+W(Nn)) = 100%.

Proposal#3: Adopt the ASN.1 structure in Section 2.2 which have the following characteristics:

· The DL carrier configuration and paging configuration of the non-anchor carrier is in SIB2 under radioResourceConfigCommon-r13
· A common DL non-anchor carrier for both paging and random access Msg2 and Msg4 (i.e. dl-NonAnchorCarrierList-r14 should not be part of pcch-Config-v14xx)
· If PCCH configuration for Rel-14 is present, the list of non-anchor carrier for paging is mandatory (i.e. pcch-ConfigNonAnchorCarrierList-r14 is mandatory)
· The absence of the npdcch-NumRepetitionPagingNonAnchorCarrier means that the anchor carrier configuration is used. 
· The absence of the weight factor means that the UE ID is uniformly distributed among the paging carrier
Proposal#4: The UE_ID needs to be taken account of use of paging carriers:

· IMSI mod (4096*maximum possible value of Nn), if P-RNTI is monitored on NPDCCH and UE supports NB-PC over non-anchor carrier.
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