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1. Introduction
In RAN2#97, from on-line discussion of [1], it was confirmed that for a given EC level, the UE applies equal selection priority among non-anchor carriers providing NPRACH resources for that EC level.
However, this is not consistent with the current NPRACH resource configuration flexibility. In the following we propose a way forward to solve this issue.
It was also left opened during the meeting whether to have per EC level selection probability for the anchor carrier. This point was raised during the following email discussion [3], and it was agreed to have it signalled per EC level. We would like to confirm this decision.

2. Discussion

2.1. Impacts of equal selection probability
In the following, we focus on a given EC level. The current ASN1 allows having different NPRACH resource densities on different non-anchor carriers, by configuring different number of sub-carriers and/or different periodicities.

As explained in [1], this is not consistent with the decision to have equal selection probability over these non-anchor carriers. Indeed, if a non-anchor carrier B has twice the resource density of a non-anchor carrier A, it should be selected twice as much to yield the lowest collision rate. With existing agreement of equal selection probability, the carrier A will be selected too frequently compared to its relative resource density and will have an increased collision rate.

Moreover, configuring different resource densities for each non-anchor carrier obviously adds overhead in broadcasted SIB configuration, which impacts the NW capacity, and the UE power consumption.

Hence, configuring different resource densities for each non-anchor carrier seems:

· Not optimal from a NPRACH capacity point of view (load will not be distributed correctly to ensure minimum collision rate)

· Detrimental to NW capacity and UE power consumption

· Useless, since UL non-anchor carriers are equivalent. It is not clear why configuring different resource densities on each carrier would be required.

Hence, we propose that the parameters related to the resource density for a given coverage level are common to all non-anchor carriers. This concerns mainly nprach-Periodicity-r14, nprach-NumSubcarriers-r14, but can also be extended to nprach-SubcarrierMSG3-RangeStart-r14 and nprach-NumCBRA-StartSubcarriers-r14. This is similar to what is proposed in [2] (proposal 2).
Proposal 1: nprach-Periodicity-r14, nprach-NumSubcarriers-r14, nprach-SubcarrierMSG3-RangeStart-r14 and nprach-NumCBRA-StartSubcarriers-r14 are configured per EC level, and are common for all non-anchor carriers supporting this CE level
A text proposal is provided in the Annex.

2.2. Anchor PRACH selection probability per EC level
As discussed in [1], the primary role of the anchor selection probability P0  is to take into account the presence of “legacy UEs” not supporting the feature, which would always perform RA on anchor carrier. The value of P0  needs to be set depending on leg / , i.e. on the ratio “legacy load (UE not supporting the feature)” over “Rel-14 UEs load (UE supporting the feature)”.
The RA load can be measured from the eNB, for each EC level.

The question is whether this ratio can be different depending of EC level used. In our view, this is likely to happen. Initial legacy UEs may be deployed for instance for some services (trackers) not requiring deep EC levels. Whereas later some “Rel-14 UEs” may be deployed to support other services (meters) requiring deep EC levels. Hence, per EC level P0 would be required. Also the added signaling is minimal.
Proposal 2: Confirm that the anchor PRACH selection probability is signaled per EC level
3. Conclusion 
In this contribution, we have discussed some aspects of NPRACH configuration for non-anchor carrier, and made the following proposals:
Proposal 1: nprach-Periodicity-r14, nprach-NumSubcarriers-r14, nprach-SubcarrierMSG3-RangeStart-r14 and nprach-NumCBRA-StartSubcarriers-r14 are configured per EC level, and are common for all non-anchor carriers supporting this CE level
Proposal 2: Confirm that the anchor PRACH selection probability is signaled per EC level
References
[1] R2-1701662, “Remaining aspects of NPRACH on a non-anchor carrier”, Sequans Communications
[2] R2-1702995, “RRC configuration on non anchor carrier [I.039 and I.040]”, Intel Corporation

[3] Email discussion [97#38][eNB-IoT] 36.331 CR (Huawei)
Annex

Text proposal based on 36.331v14.2.1
–
SystemInformationBlockType22-NB

The IE SystemInformationBlockType22-NB contains radio resource configuration for paging and random access procedure on non-anchor carriers.  

SystemInformationBlockType22-NB information element
-- ASN1START

SystemInformationBlockType22-NB-r14 ::=
SEQUENCE {


dl-CarrierConfigList-r14  


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


ul-CarrierConfigList-r14  


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


pcch-MultiCarrierConfig-r14  

PCCH-MultiCarrierConfig-NB-r14  
 OPTIONAL,
-- Need OR


nprach-MultiCarrierConfig-r14  

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


lateNonCriticalExtension


OCTET STRING




OPTIONAL,


...

}

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












DL-CarrierConfigCommon-NB-r14 

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












UL-CarrierConfigCommon-NB-r14

PCCH-MultiCarrierConfig-NB-r14 ::=

SEQUENCE {


pcch-ConfigList-r14  




PCCH-ConfigList-NB-r14, 


pagingWeightAnchor-r14




PagingWeight-NB-r14

OPTIONAL, -- Need OP


...

}

PCCH-ConfigList-NB-r14 ::=



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












PCCH-Config-NB-r14

PCCH-Config-NB-r14 ::=



SEQUENCE {


pcch-Config-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,



...


} 
OPTIONAL
-- Need OR

}

PagingWeight-NB-r14
::= 




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















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

NPRACH-MultiCarrierConfig-NB-r14 ::=
SEQUENCE {


nprach-ConfigList-r14  




NPRACH-ConfigList-NB-r14, 

nprach-ConfigCommonList-r14  


NPRACH-ConfigCommonList-NB-r14,

nprach-ProbabilityAnchorList-r14

NPRACH-ProbabilityAnchorList-NB-r14, 


...


}

NPRACH-ConfigList-NB-r14 ::=

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












NPRACH-ParametersList-NB-r14
NPRACH-ConfigCommonList-NB-r14 ::=

SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF 












NPRACH-ParametersCommon-NB-r14
NPRACH-ParametersList-NB-r14 ::=
SEQUENCE (SIZE (0.. maxNPRACH-Resources-NB-r13)) OF NPRACH-Parameters-NB-r14

NPRACH-Parameters-NB-r14 ::=

SEQUENCE {


nprach-Parameters-r14



SEQUENCE {



 



nprach-StartTime-r14




ENUMERATED {ms8, ms16, ms32, ms64, 
















ms128, ms256, ms512, ms1024}














OPTIONAL,
-- NEED OP



nprach-SubcarrierOffset-r14



ENUMERATED {n0, n12, n24, n36, n2, n18, n34, spare1} 














OPTIONAL,
-- NEED OP







npdcch-NumRepetitions-RA-r14


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
















r256, r512, r1024, r2048, 
















spare4, spare3, spare2, spare1} 














OPTIONAL,
-- NEED OP



npdcch-StartSF-CSS-RA-r14



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















OPTIONAL,
-- NEED OP



npdcch-Offset-RA-r14




ENUMERATED {zero, oneEighth, oneFourth, threeEighth}














OPTIONAL,
-- NEED OP



 



npdcch-CarrierIndex-r14




INTEGER (1..maxNonAnchorCarriers-NB-r14) 














OPTIONAL, 
-- Need OP 



...


}
OPTIONAL
-- Need OR

}

NPRACH-ParametersCommon-NB-r14 ::=

SEQUENCE {


nprach-ParametersCommon-r14



SEQUENCE {



nprach-Periodicity-r14 




ENUMERATED {ms40, ms80, ms160, ms240, 
















ms320, ms640, ms1280, ms2560} 














OPTIONAL,
-- NEED OP 



nprach-NumSubcarriers-r14



ENUMERATED {n12, n24, n36, n48} 














OPTIONAL,
-- NEED OP


nprach-SubcarrierMSG3-RangeStart-r14
ENUMERATED {zero, oneThird, twoThird, one}













 
OPTIONAL,
-- NEED OP



nprach-NumCBRA-StartSubcarriers-r14

ENUMERATED {n8, n10, n11, n12, n20, n22, n23, n24,
















n32, n34, n35, n36, n40, n44, n46, n48}














OPTIONAL,
-- NEED OP  


...


}
OPTIONAL
-- Need OR

}

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

NPRACH-ProbabilityAnchor-NB-r14 ::=

ENUMERATED {p0, px2, px3, px4, px5, px6, px7, px8,















px9, px10, px11, px12, px13, px14, px15, px16} 

-- ASN1STOP

	SystemInformationBlockType22-NB field descriptions

	dl-CarrierConfigList 

List of DL non anchor carriers that can be used for paging and/or random access.

	npdcch-CarrierIndex

Index of the carrier in the list of DL non anchor carriers. The first entry in the list has index ‘1’, the second entry has index ‘2’ and so on. If absent, the DL anchor carrier is used.

	npdcch-NumRepetitionPaging

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

If absent, the value configured in SystemInformationBlockType2-NB in IE npcch-Config applies.

	npdcch-NumRepetitions-RA

Maximum number of repetitions for NPDCCH common search space (CSS) for RAR, Msg3 retransmission and Msg4, see TS 36.213 [23, 16.6]. If absent, the value configured in SystemInformationBlockType2-NB for the NPRACH resource in the corresponding entry of NPRACH-ParametersList applies. 

	npdcch-Offset -RA 

Fractional period offset of starting subframe for NPDCCH common search space (CSS Type 2), see TS 36.213 [23, 16.6]. If absent, the value configured in SystemInformationBlockType2-NB for the NPRACH resource in the corresponding entry of NPRACH-ParametersList applies.

	npdcch-StartSF-CSS-RA 

Starting subframe configuration for NPDCCH common search space (CSS), including RAR, Msg3 retransmission, and Msg4, see TS 36.213 [23, 16.6]. If absent, the value configured in SystemInformationBlockType2-NB for the NPRACH resource in the corresponding entry of NPRACH-ParametersList applies.

	pagingWeight

Weight of a non anchor carrier for uneven paging load distribution across the carriers.  w1 corresponds to a relative weight of 1, w2 corresponds to a relative weight of 2, and so on. If pcch-Config is not present for an entry in PCCH-ConfigList, the (default) value of w0 is applied for this carrier, i.e. the carrier is not used for paging.

The paging load for a carrier ’i’ is equal to wi/sum(w), where i is 0 for the anchor carrier and i is the index of the carrier in the PCCH-ConfigList for a non anchor carrier. The first entry in the PCCH-ConfigList has index ‘1’, the second entry index ‘2’ and so on. To avoid correlation between paging carrier and paging occasion,  the weights should be assigned such that:  nB * sum(w) <= 16384

	pagingWeightAnchor

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

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

	nprach-ConfigList

Configure the NPRACH parameters for each non-anchor UL carrier .

	nprach-MultiCarrierConfig

Provide the configuration for random access non-anchor carriers.

	nprach-NumCBRA-StartSubcarriers

The number of start subcarriers for contention based random access. The UE shall select one of these start subcarriers when randomly selecting a start subcarrier in the preamble selection in 36.321 [6]. The start subcarrier indexes that the UE is allowed to randomly select from are according to the following:

nprach-SubcarrierOffset + [0, nprach-NumCBRA-StartSubcarriers - 1]. If absent, the value configured in SystemInformationBlockType2-NB for the NPRACH resource in the corresponding entry of NPRACH-ParametersList applies.

	nprach-NumSubcarriers

Number of sub-carriers in a NPRACH resource, see TS 36.211 [21, 10.1.6]. In number of subcarriers.

If absent, the value configured in SystemInformationBlockType2-NB for the PRACH resource in the corresponding entry of NPRACH-ParametersList applies.

	nprach-ParametersList

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-Periodicity

Periodicity of a NPRACH resource, see TS 36.211 [21, 10.1.6]. Unit in millisecond.

If absent, the value configured in SystemInformationBlockType2-NB for the NPRACH resource in the corresponding entry in NPRACH-ParametersList applies.

	nprach-ProbabilityAnchorList

Configure NPRACH selection probability for each NPRACH resource on the anchor carrier. p0 corresponds to a probability of 0., px2 FFS …. All non-anchor carriers have equal probability between them and the probability of selecting a non-anchor carrier is (p100- nprach-ProbabilityAnchor)

	nprach-StartTime

Start time of the NPRACH resource in one period, see TS 36.211 [21, 10.1.6]. Unit in millisecond.

If absent, the value configured in SystemInformationBlockType2-NB for the NPRACH resource in the corresponding entry of NPRACH-ParametersList applies.

	nprach-SubcarrierOffset

Frequency location of the NPRACH resource, see TS 36.211 [21, 10.1.6]. In number of subcarriers, offset from sub-carrier 0. If absent, the value configured in SystemInformationBlockType2-NB for the NPRACH resource in the corresponding entry of in NPRACH-ParametersList applies.

	nprach-SubcarrierMSG3-RangeStart

Fraction for calculating the starting subcarrier index of the range reserved for indication of UE support for multi-tone Msg3 transmission, within the NPRACH resource, see TS 36.211 [21, 10.1.6]. Multi-tone Msg3 transmission is not supported for {32, 64, 128} repetitions of NPRACH. For at least one of the NPRACH resources with the number of NPRACH repetitions other than {32, 64, 128}, the value of nprach-SubcarrierMSG3-RangeStart should not be 0.

If nprach-SubcarrierMSG3-RangeStart is equal to {oneThird} or {twoThird} the start subcarrier indexes for the two partitions are given by:

nprach-SubcarrierOffset + [0, floor(nprach-NumCBRA-StartSubcarriers * nprach-SubcarrierMSG3-RangeStart) -1] 

for the single-tone Msg3 NPRACH partition;

nprach-SubcarrierOffset + [floor(nprach-NumCBRA-StartSubcarriers * nprach-SubcarrierMSG3-RangeStart), nprach-NumCBRA-StartSubcarriers - 1] 

for the multi-tone Msg3 NPRACH partition;

If absent, the value configured in SystemInformationBlockType2-NB for the NPRACH resource in the corresponding entry of NPRACH-ParametersList applies.

	pcch-MultiCarrierConfig

Provide the configuration for paging on non-anchor carriers.

	pcch-ConfigList

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

	ul-CarrierConfigList 

List of UL non anchor carriers that can be used for random access.



