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1      Introduction
In the email discussion [1], the RACH/NPRACH configurations and the carrier selection considering load balancing were discussed
In this contribution, we further elaborate on our view on the RACH/NPRACH configuration and the factors that should be considered for carrier selection and how the random access procedure is executed. 
2      Discussion
2.1     NPRACH configuration

Rel-13 NBIOT UE can only perform PRACH in the anchor NBIOT carrier (which is also the carrier where the UE camps on in idle mode and reads MIB and SIB and monitors paging).
For the NPRACH configuration, currently, up to 3 NPRACH resources can be configured in a cell or on the anchor NB-IoT carrier. An NPRACH resource contains a set of 12, 24, 36 or 48 subcarriers and each set may optionally be split into 2 partitions for single/multi-tone Msg3 transmission. In addition, each NPRACH resource is associated with a repetition level, i.e. the number of repetitions of the Msg1/preamble transmission. 
With the introduction of NPRACH transmission also over non-anchor carrier, other than the anchor carrier still needing to support all coverage levels of the cell for Rel-13 UE, the non-anchor carrier can be configured to support a subset of coverage level supported by the cell. One motivation of doing this is to provide more NPRACH resources for deeper coverage level. 
The parameters in NPRACH-ConfigSIB-NB is classified in terms of whether it is common on a per cell basis (i.e. common among all carriers including anchor carrier of the cell) or can be different between carriers:
	NPRACH-ConfigSIB-NB parameters
	field description
	Characteristics
	Comments

	nprach-CP-Length-r13
	Cyclic Prefix length for the NPRACH transmission
	Cell
	This is a cell level parameter

	rsrp-ThresholdsPrachInfoList-r13
	Indicates the coverage level in terms of RSRP that a NPRACH resources
	Cell
	Since it is decided that the RSRP measurement for RACH coverage level is based on anchor carrier, this should be used for all carriers in the cell

	nprach-ParametersList-r13   
	Indicate the number of NPRACH resources supported by the anchor carrier
	Carrier (i.e. the number of NPRACH resources supported is per carrier)
	It is assumed that not all coverage levels are supported by the non-anchor carrier. Operator may want to have the flexibility on the amount PRACH resources (including non-anchor carrier) for each coverage level. E.g. providing more carriers for deeper coverage

	NPRACH-Parameters-NB-r13 for a coverage level
	
	
	

	nprach-Periodicity-r13
	
	Cell
	For the same coverage level, it does not seem fair if the periodicity of the selected carrier is longer than the periodicity of NPRACH in another carrier for the same coverage level.

	nprach-StartTime-r13
	
	Cell
	For the same coverage level, it does not seem fair if the start time of the selected carrier is later than the NPRACH in another carrier for the same coverage level.

	nprach-SubcarrierOffset-r13
	
	Cell
	Do not see the need to be different among the carriers.

	nprach-NumSubcarriers-r13
	
	Cell
	For the same coverage level, it does not seem fair if UE may have higher collision probability for some carriers. Alternative is to have a more complicated carrier selection scheme taking into considerations of the different RACH capacity per carrier.

	nprach-SubcarrierMSG3-RangeStart-r13
	
	Cell
	For the same coverage level, it does not seem fair if UE may have higher collision probability for some carriers. Alternative is to have a more complicated carrier selection scheme taking into considerations of the different RACH capacity per carrier.

	maxNumPreambleAttemptCE-r13
	
	Cell
	For the same coverage level, it seems logical to use the same maximum number of preamble attempts.

	numRepetitionsPerPreambleAttempt-r13
	
	Cell (for a coverage level)
	For the same coverage level, it seems logical to use the same preamble repetitions per preamble attempt.


Based on the table above, it is clear that the following parameter can be different for different carriers:

· nprach-ParametersList-r13  (the size can be different for different carrier)
Proposal#1: To agree that non-anchor carrier can flexibly configure with different coverage level and thus number of NPRACH resources can be different per non-anchor carrier, i.e.
· nprach-ParametersList-r13  (the size can be different for different carrier)
As observed from the above table, it can be seen that if the start time and periodicity of the NPRACH resource (i.e. nprach-Periodicity-r13 and nprach-StartTime-r13) occur at different time to the anchor, it may not seem fair to the UE selecting those carriers with longer periodicity or starting later. And on the parameters (i.e. nprach-NumSubcarriers-r13 and nprach-SubcarrierMSG3-RangeStart-r13) that provide the subcarriers for single tone and multi-tone, it would seem unfair for a UE to select a carrier with less PRACH preamble resources. Alternatively, if different number of subcarriers are configured each carrier for single and multi-tone UEs, it would require a more complicated carrier selection scheme to take into account of the different RACH capacity and hence different weightage.
To keep the signalling overhead low and to have a simple carrier selection scheme (i.e. a simple random pick of a carrier), it is proposed to:
Proposal#2: To agree to the above understanding in the table in Section 2.1 on which NPRACH parameters are per cell (common all carriers) or per carrier. The purpose is to reduce as much signaling overhead and to apply a simple carrier selection scheme (i.e. a simple random pick of a carrier without weightage).
The following is a possible ASN.1:
Under RadioResourceConfigCommon-NB IE:

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-nonAnchor-r14      SEQUENCE (SIZE (1.. maxNonAnchorPRACH-r14)) OF 









NPRACH-ConfigSIB-nonAnchor-NB-r14
OPTIONAL, 

--Need OP


DL-NonAnchorCarrierList-r14::=
SEQUENCE (SIZE (1.. maxNonAnchorCarriers-NB-r14)) OF DL-CarrierConfigCommon-NB-r14

]]
DL-CarrierConfigCommon-NB-r14 ::= SEQUENCE {



dl-NonAnchorCarrierConfig-r14


DL-CarrierConfigDedicated-NB-r13,


npdcch-NumRepetitions-RA-r13


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














r256, r512, r1024, r2048, 














spare4, spare3, spare2, spare1}
 OPTIONAL, OR

npdcch-StartSF-CSS-RA-r13


ENUMERATED {v1dot5, v2, v4, v8, v16, v32, v48, v64} OPTIONAL, OR

npdcch-Offset-RA-r13




ENUMERATED {zero, oneEighth, oneFourth, threeEighth} OPTIONAL, OR
}
Under NPRACH-ConfigSIB-NB IE:
NPRACH-ConfigSIB-NB-r13 ::=


SEQUENCE {


nprach-CP-Length-r13



ENUMERATED {us66dot7, us266dot7},


rsrp-ThresholdsPrachInfoList-r13
RSRP-ThresholdsNPRACH-InfoList-NB-r13 
OPTIONAL,
-- need OR

nprach-ParametersList-r13   

NPRACH-ParametersList-NB-r13
}

NPRACH-ConfigSIB-nonAnchor-NB-r14 ::=


SEQUENCE {


ul-CarrierFreq-r13




CarrierFreq-NB-r13,

nprach-NonAnchorParametersList-r14   NPRACH-NonAnchorParametersList-NB-r14    OPTIONAL,    -- Need OP  

}

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

NPRACH-NonAnchorParameters-NB-r14::=  

SEQUENCE {

coverageLevel-r14





INTEGER {1..maxNPRACH-Resources-NB-r13},

dl-carrierFreqIndex-r13



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

The field coverageLevel-r14 above indicates the corresponding NPRACH resources in the anchor carrier.

Further signaling optimization can be considered for the CSS-RA configuration (i.e. npdcch-NumRepetitions-RA-r13, npdcch-StartSF-CSS-RA-r13, npdcch-Offset-RA-r13). For example the CSS-RA configurations can be optionally present. If they are the same as the anchor carrier, it does not need be signaled. Another example is to include the CSS-RA configurations as part of the non-anchor DL carrier list. The dl-carrierFreqIndex-r13 will not only link to the DL non-anchor carrier configuration but also the CSS-RA configuration.
Proposal#3: The ASN.1 of the NPRACH configuration of the non-anchor carrier can be as below:

Under RadioResourceConfigCommon-NB IE:

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-nonAnchor-r14      SEQUENCE (SIZE (1.. maxNonAnchorPRACH-r14)) OF 









NPRACH-ConfigSIB-nonAnchor-NB-r14
OPTIONAL, 

--Need OP



DL-NonAnchorCarrierList-r14::=
SEQUENCE (SIZE (1.. maxNonAnchorCarriers-NB-r14)) OF DL-CarrierConfigCommon-NB-r14

]]
DL-CarrierConfigCommon-NB-r14 ::= SEQUENCE {



dl-NonAnchorCarrierConfig-r14


DL-CarrierConfigDedicated-NB-r13,


npdcch-NumRepetitions-RA-r13


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














r256, r512, r1024, r2048, 














spare4, spare3, spare2, spare1}
 OPTIONAL, OR

npdcch-StartSF-CSS-RA-r13


ENUMERATED {v1dot5, v2, v4, v8, v16, v32, v48, v64} OPTIONAL, OR

npdcch-Offset-RA-r13




ENUMERATED {zero, oneEighth, oneFourth, threeEighth} OPTIONAL, OR
}
Under NPRACH-ConfigSIB-NB IE:
NPRACH-ConfigSIB-NB-r13 ::=


SEQUENCE {


nprach-CP-Length-r13



ENUMERATED {us66dot7, us266dot7},


rsrp-ThresholdsPrachInfoList-r13
RSRP-ThresholdsNPRACH-InfoList-NB-r13 
OPTIONAL,
-- need OR

nprach-ParametersList-r13   

NPRACH-ParametersList-NB-r13
}

NPRACH-ConfigSIB-nonAnchor-NB-r14 ::=


SEQUENCE {


ul-CarrierFreq-r13




CarrierFreq-NB-r13,

nprach-NonAnchorParametersList-r14   NPRACH-NonAnchorParametersList-NB-r14    OPTIONAL,    -- Need OP  

}

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

NPRACH-NonAnchorParameters-NB-r14::=  

SEQUENCE {

coverageLevel-r14





INTEGER {1..maxNPRACH-Resources-NB-r13},

dl-carrierFreqIndex-r13



INTEGER (1..maxDL-NonAnchorCarriers-NB-r14),
2.2     The selection of the NPRACH resources during initial access
With NPRACH configuration as (2) in Section 2.1, it is organized in a similar way as in eMTC. Other than the preamble (i.e. subcarrier), each NPRACH resources are further multiplexed in time and frequency (i.e. anchor carrier and other NB-IoT non-anchor carrier) for a repetition/coverage level. 
As before, at the start of the random access procedure, a UE determines the starting coverage/repetition level by comparing the measured RSRP with the RSRP threshold provided in the SIB. Based on the coverage/repetition level, it decides which NPRACH resources. If there are more than 1 carriers supporting that coverage/repetition level, the UE randomly picks one of the NPRACH resources (which may be in different carriers) corresponding to the coverage/repetition level needed.
If the NPRACH transmission is unsuccessful in this repetition/coverage level (i.e. no RAR is received within the RA window) and has not perform until the maximum power ramping attempt, the UE can either pick the same NPRACH resources randomly picked before or randomly pick again the NPRACH resource among the carriers that support the repetition/coverage level. The latter means that the UE may need to retune at every preamble attempt. Hence the previous is probably preferred.
Once the number of attempts for a level has been reached, the UE will go to the next level and if there are more than 1 NPRACH resources supporting that coverage/repetition level, it will randomly picks the NPRACH resources (which may be in different carriers) that support that coverage/repetition level. 
Proposal#4: During the Random Access Resource selection of the starting of the random access procedure during initial access, the UE randomly selects a NPRACH resources among the carriers that support that coverage/repetition level.
Proposal#5: During the Random Access Resource selection at the beginning of a subsequent coverage/repetition level attempt, the UE again randomly selects the NPRACH resources of the carriers that support the coverage/repetition level

Proposal#6: At every reattempt within a coverage/repetition level, the UE should use the NPRACH resources that it has picked at the beginning of the coverage/repetition attempt. 
2.3     Need of controlling Rel-14 NB-IoT UEs using Anchor carrier

In Rel-13 NBIOT, Rel-13 UE will always perform NPRACH transmission on the anchor carrier. Carrier that can be used as anchor will hence most likely be more loaded than carrier that can only be used as non-anchor carrier. If this needs to be solved, similar solution as in the paging transmission case can also be used here. There are 2 alternatives in adding such indication:

Alt#1: Explicit indication whether Anchor carrier should be selected by Rel-14 UEs for NPRACH transmission

In this alternative, the cell will explicitly indicate whether the Rel-14 UE can select the anchor carrier for NPRACH transmission, If the indication is “TRUE”, the UE will include the anchor carrier as one of the carriers (including the indicated list of non-anchor carriers) for selecting the carrier for NPRACH transmission. If the indication is “FALSE”, the UE will only select from the indicated list of non-anchor carriers for NPRACH transmission.

Alt#2: Indication on the proportion of Rel-14 UEs that should consider Anchor carrier for NPRACH transmission

In this alternative, the cell will indicate the proportion (proportionAnchorCarrierForNPRACH) of Rel-14 UEs that should be considering the anchor carrier, The following is an example of such calculation when anchor carrier is to be considered for Rel-14 UEs:

Rel-14 UE when selecting NPRACH resource at the start of the RACH procedure should pick randomly a number between 0 and 1. If the number pick is smaller than the proportionAnchorCarrierForNPRACH, the UE considers Anchor carrier for NPRACH transmission. Otherwise, Anchor carrier is not considered for NPRACH transmission. For example:
If proportionAnchorCarrierForNPRACH = 0, the Rel-14 UE should not include anchor carrier into the list of carriers for selection for NPRACH transmission. 

If proportionAnchorCarrierForPaging =0.25, it would mean 25% Rel-14 UE will consider Anchor carrier for NPRACH transmission

…..

If proportionAnchorCarrierForPaging =1, it would mean All Rel-14 UE will consider Anchor carrier for NPRACH transmission.

Again, Alt#2 provides a more refined granularity for the operator to control the number of Rel-14 NB-IoT UEs considering the anchor carrier for NPRACH transmission than Alt#1. This allows the operator the means to increase the number of Rel-14 NB-IoT UEs over time when the number of Rel-13 NB-IoT UEs decreases. It is thus proposed that:

Proposal#7: Adopt Alt#2 " Indication on the proportion of Rel-14 UEs that should consider Anchor carrier for NPRACH transmission " (that allows to control the proportion of Rel-14 NB-IoT UEs taking into consideration of anchor carrier in the selection of carrier for NPRACH transmission).
3      Conclusion
In this contribution, we discuss the selection of the NB-IoT carriers for NPRACH transmission of the Rel-14 NB-IoT UE, and has the following observation and proposals:
Proposal1: To agree that non-anchor carrier can flexibly configure with different coverage level and thus number of NPRACH resources can be different per non-anchor carrier, i.e.

· nprach-ParametersList-r13  (the size can be different for different carrier)
Proposal#2: To agree to the above understanding in the table in Section 2.1 on which NPRACH parameters are per cell (common all carriers) or per carrier. The purpose is to reduce as much signaling overhead and to apply a simple carrier selection scheme (i.e. a simple random pick of a carrier without weightage).
Proposa#l3: The ASN.1 of the NPRACH configuration of the non-anchor carrier can be as below:

Under RadioResourceConfigCommon-NB IE:

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-nonAnchor-r14      SEQUENCE (SIZE (1.. maxNonAnchorPRACH-r14)) OF 









NPRACH-ConfigSIB-nonAnchor-NB-r14
OPTIONAL, 

--Need OP



DL-NonAnchorCarrierList-r14::=
SEQUENCE (SIZE (1.. maxNonAnchorCarriers-NB-r14)) OF DL-CarrierConfigCommon-NB-r14

]]
DL-CarrierConfigCommon-NB-r14 ::= SEQUENCE {



dl-NonAnchorCarrierConfig-r14


DL-CarrierConfigDedicated-NB-r13,


npdcch-NumRepetitions-RA-r13


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














r256, r512, r1024, r2048, 














spare4, spare3, spare2, spare1}
 OPTIONAL, OR

npdcch-StartSF-CSS-RA-r13


ENUMERATED {v1dot5, v2, v4, v8, v16, v32, v48, v64} OPTIONAL, OR

npdcch-Offset-RA-r13




ENUMERATED {zero, oneEighth, oneFourth, threeEighth} OPTIONAL, OR
}
Under NPRACH-ConfigSIB-NB IE:
NPRACH-ConfigSIB-NB-r13 ::=


SEQUENCE {


nprach-CP-Length-r13



ENUMERATED {us66dot7, us266dot7},


rsrp-ThresholdsPrachInfoList-r13
RSRP-ThresholdsNPRACH-InfoList-NB-r13 
OPTIONAL,
-- need OR

nprach-ParametersList-r13   

NPRACH-ParametersList-NB-r13
}

NPRACH-ConfigSIB-nonAnchor-NB-r14 ::=


SEQUENCE {


ul-CarrierFreq-r13




CarrierFreq-NB-r13,

nprach-NonAnchorParametersList-r14   NPRACH-NonAnchorParametersList-NB-r14    OPTIONAL,    -- Need OP  

}

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

NPRACH-NonAnchorParameters-NB-r14::=  

SEQUENCE {

coverageLevel-r14





INTEGER {1..maxNPRACH-Resources-NB-r13},

dl-carrierFreqIndex-r13



INTEGER (1..maxDL-NonAnchorCarriers-NB-r14),
Proposal#4: During the Random Access Resource selection of the starting of the random access procedure during initial access, the UE randomly selects a NPRACH resources among the carriers that support that coverage/repetition level.
Proposal#5: During the Random Access Resource selection at the beginning of a subsequent coverage/repetition level attempt, the UE again randomly selects the NPRACH resources of the carriers that support the coverage/repetition level
Proposal#6: At every reattempt within a coverage/repetition level, the UE should use the NPRACH resources that it has picked at the beginning of the coverage/repetition attempt. 
Proposal#7: Adopt Alt#2 " Indication on the proportion of Rel-14 UEs that should consider Anchor carrier for NPRACH transmission " (that allows to control the proportion of Rel-14 NB-IoT UEs taking into consideration of anchor carrier in the selection of carrier for NPRACH transmission).
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