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1 Introduction

At RAN2#95bis RACH on non-anchor carriers was discussed and the following agreements were captured in the session report[1]:
	· One of the following two options should be used for non-anchor carrier NPRACH configuration. 
Option1. The NPRACH resource configurations for different non-anchor carriers are independent. 
Option2. Part of the NPRACH resource configurations for different non-anchor carriers are common and sent in common NPRACH configuration, different configurations for each carrier are sent independently.

· Different (multiple) NPRACH resource (UL non-anchor carrier) might be associated with one DL carrier, and potentially with the same CSS_RA resource (still one NPRACH resource only refer to one DL carrier and one CSS_RA resource).
· UE should determine its coverage enhancement level and select NPRACH resource in available NPRACH resources for that coverage level in case of RRC_IDLE.
· UE selects NPRACH resource based on a randomization function. It is FFS whether UE should select NPRACH resource based on random draw or based on a pseudo-random function based on UE_ID in case of RRC_IDLE. 

· It is FFS whether load balancing / uneven probability between carriers is used. 
· NPRACH resource selection in CONNECTED is that same as in IDLE except for PDCCH order. 
· It is FFS if the UE performs NPRACH selection when UE fails to access on current carrier for every re-attempts in the same CE level, or only when the UE need to change CE level.



Along with the agreements a list of open issues as also captured, including topics such as configuration, measurement and carrier selection.

In this document we further discuss NPRACH on non-anchor carriers make proposals to address some of the open issues captured.
2 Discussion
2.1 Configuration
The Rel-13 configuration for NPRACH in RRC[2] is shown in the following:

NPRACH-ConfigSIB-NB information elements
-- ASN1START
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-NB-v1330 ::=

SEQUENCE {


nprach-ParametersList-v1330


NPRACH-ParametersList-NB-v1330
}
NPRACH-ParametersList-NB-r13 ::=
SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF NPRACH-Parameters-NB-r13

NPRACH-ParametersList-NB-v1330 ::=
SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF NPRACH-Parameters-NB-v1330
NPRACH-Parameters-NB-r13::=

SEQUENCE {


nprach-Periodicity-r13 




ENUMERATED {ms40, ms80, ms160, ms240, 














ms320, ms640, ms1280, ms2560},

nprach-StartTime-r13




ENUMERATED {ms8, ms16, ms32, ms64, 














ms128, ms256, ms512, ms1024},

nprach-SubcarrierOffset-r13



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


nprach-NumSubcarriers-r13



ENUMERATED {n12, n24, n36, n48},


nprach-SubcarrierMSG3-RangeStart-r13
ENUMERATED {zero, oneThird, twoThird, one},


maxNumPreambleAttemptCE-r13



ENUMERATED {n3, n4, n5, n6, n7, n8, n10, spare1},


numRepetitionsPerPreambleAttempt-r13
ENUMERATED {n1, n2, n4, n8, n16, n32, n64, n128},


npdcch-NumRepetitions-RA-r13


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















r256, r512, r1024, r2048, 















spare4, spare3, spare2, spare1},


npdcch-StartSF-CSS-RA-r13



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

npdcch-Offset-RA-r13




ENUMERATED {zero, oneEighth, oneFourth, threeEighth}

}

NPRACH-Parameters-NB-v1330 ::=

SEQUENCE {


nprach-NumCBRA-StartSubcarriers-r13

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















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

}
RSRP-ThresholdsNPRACH-InfoList-NB-r13 ::= SEQUENCE (SIZE(1..2)) OF RSRP-Range

-- ASN1STOP
As discussed in RAN2#95bis, the NPRACH resource configurations for different non-anchor carriers are independent. As the amount of configuration data for each non-anchor carrier maybe large, methods to reduce the amount of configuration data broadcast should be used.  It is expected that many of the NPRACH resources will share a similar or identical configuration, therefore broadcasting the complete configuration for each NPRACH resource would lead to a large signaling overhead.  A simple method to reduce the amount of data broadcast is that setting part of the NPRACH resource configurations for different non-anchor carriers are common and other different configurations for each carrier are sent independently. 
By considering the above discussion, we can give further analysis about the NPRACH resource parameters configuration. The common part for a certain CE level can be configured regardless of power boosting, such as:
· maxNumPreambleAttemptCE-r13
· numRepetitionsPerPreambleAttempt-r13
These 2 parameters are set to common as a baseline. While for flexibility and taking care of the power boosted carrier, the following parameters can be sent independently:
· nprach-Periodicity-r13
· nprach-StartTime-r13
· nprach-SubcarrierOffset-r13
· nprach-NumSubcarriers-r13
· nprach-SubcarrierMSG3-RangeStart-r13
· npdcch-NumRepetitions-RA-r13
· npdcch-StartSF-CSS-RA-r13
· npdcch-Offset-RA-r13
· nprach-NumCBRA-StartSubcarriers-r13
Alternatively, part of these 9 parameters can be also set to common values for a NPRACH resource per CE level, such as nprach-NumSubcarriers-r13, and the delta configuration for these parameters can be broadcasted additionally. It means that when the parameters are configured in common part, UE will use the parameters unless dedicate configuration for this carrier is broadcasted.
Proposal 1: maxNumPreambleAttemptCE-r13 and numRepetitionsPerPreambleAttempt-r13 are common as a baseline, other parameters can be set independently. 
2.2 PRACH Resource and Carrier Selection
As NPRACH resources on the carriers may be configured with different parameters (number of subcarriers, periodicity etc), some form of configuration is required to balance the load between them.  If the choice of carrier is purely random, then on average all the carriers will have the same RACH load, but if the configurations are different this will result in some carriers having higher collision rates, which is not desirable. 
However a random aspect to the load balancing/probability methods should be included, in order to avoid pathological situations, where perhaps a carrier does not perform very well for a NPRACH for a specific UE, and that carrier is always selected because some configured property of the UE, for example an identity, is used to determine which carrier(s) to use. If full synchronization between the UE and eNB was required then a known identity would be useful, however there does not seem to be any need for this full synchronization.
If each carrier, including the anchor carrier, is provided with a probability of selection then the collision rate / load can be balanced against the amount of NPRACH physical resources.

The access probabilities can be signalled in system information, such as SIB2. It is not expected that the probabilities will change frequently, therefore there should be little/no impact to the system information validity, so the UE will not need to repeatedly reacquire system information. 
The anchor and non-anchor carriers should be treated the same for the purpose of NPRACH resource selection. Over time as the population of UEs in the field move from supporting Rel-13 to later releases, the ratio of UEs that can only use the anchor carrier vs those which can use the non-anchor will change, with Rel-13 UEs reducing in number, therefore the anchor carrier load will also reduce from Rel-13 UEs will reduce.
The use of probabilities is a 3 step procedure:

· Step 1: The access probability of each carrier including anchor carrier and non-anchor carriers is broadcasted in system information. The carriers can be numbered from 1 to n, n is the total number of carriers. The access probability of each carrier is expressed as P(i). The sum of all probabilities is 1.
· Step 2: UE draw a random number 'rand' uniformly distributed in the range: 0 < rand < 1.

· Step 3: Accumulate the probability of each carrier one by one. The UE compares the random number to the calculation of probabilities and selects carrier according to the comparison result. Each probability represents the corresponding carrier. This procedure can be expressed as follows:
If P(1) + … + P(j) ≤ rand < P(1) + … + P(j+1) then 
UE selects the carrier ‘j+1’ to perform RACH
For example:

With 4 carriers, an anchor and 3 non-anchor carriers, and the following access probabilities:

· Anchor carrier (1) probability is 0.1, and 
· non-anchor carriers (2, 3 & 4) have probabilities of 0.2, 0.3 & 0.4 respectively.
The UE draws the random number 0.5 and then performs the comparison:  

0.1 + 0.2 ≤ 0.5 < 0.1 + 0.2 + 0.3, then UE will select non-anchor carrier (3) to access, as shown in Figure 1.
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Figure 1 Example NPRACH Carrier Selection
The probability of a carrier being chosen should be configured in steps of 10%, to allow a balance between signaling overhead, granularity of random number draw on the UE.

Proposal 2: The UE selects a carrier from all the carriers using random selection and the configured probability of a carrier being selected.
Proposal 3: The probability of selecting a carrier is configured in steps of 10%.
For the case that no Random Access Response is received during RACH procedure, UE needs to re-attempt to send Msg1. When the attempts are equal to the number defined in maxNumPreambleAttemptCE and UE did not access the cell yet, UE will change its CE level and continue to perform RACH until the total attempts reach the maximum number defined in preambleTransMax-CE. 
There are 2 options currently being discussed for when to change carrier:

1) The UE performs NPRACH selection for each attempt

2) The UE only perform NPRACH selection when changing CE level.

We assume that the procedure for NPRACH selection is identical in both cases and the only difference between the options is when to run the procedure.

We think there are some gains from performing the selection for each preamble attempt, including increased frequency diversity, in case the chosen carrier is not as optimal as others or overcoming some temporary overload on the chosen carrier.
Proposal 4: The UE performs NPRACH carrier selection for each preamble attempt.
2.3 RA-RNTI

In the last RAN2 meeting, it has been agreed that different (multiple) NPRACH resource (UL non-anchor carrier) might be associated with one DL carrier, and potentially with the same CSS_RA resource (still one NPRACH resource only refer to one DL carrier and one CSS_RA resource). The existing RA-RNTI calculation formula, RA-RNTI = 1 + floor(SFN_id / 4), only reflects the NPRACH period information. If multiple UEs use the same subcarrier index and send preambles at the same time, using different UL carriers, they will receive the same RAR MAC PDU using the same RA-RNTI and get the same RAR using the same RAPID when multiple UL carrier are associated with the same CSS_RA. In this case, in the contention resolution, since these UEs will have the same TC-RNTI, the RA procedure of only one UE can be successful. Other UEs need to backoff and retransmit preamble, which is not power efficient. 
RA-RNTI is used to distinguish the RAR MAC PDU to the UEs using different NPRACH resources, it is proposed to introduce carrier information into RA-RNTI formula as below:
RA-RNTI = 1 + carrier_id + x * floor(SFN_id/4)

Where carrier_id indicates the index of UL carrier used for RA procedure, and x is the maximum number of UL carrier can be used for RA procedure. The value range or RA-RNTI is 1~256 * x.
Proposal 5: Introduce UL carrier index into the RA-RNTI formula: RA-RNTI = 1 + carrier_id + x * floor(SFN_id/4)

Where carrier_id indicates the index of UL carrier used for RA procedure, and x is the maximum number of UL carrier can be used for RA procedure.
3 ASN.1 Configuration

3.1 Carrier Configuration

When a Rel-13 UE is redirected to a non-anchor carrier it is provided with the DL carrier and UL carrier configurations UL-CarrierConfigDedicated-NB-r13 and DL-CarrierConfigDedicated-NB-r13 as part of the dedicated configuration. The information within these parameters provides the UE with all the parameters of the non-anchor carriers, including frequency, downlink bitmaps, downlink gaps.
With NPRACH resources on multiple non-anchor carriers it is reasonable to assume that a DL or UL carrier will support more than one coverage level.

Therefore to save repeating the carrier dedicated configuration a list of DL and UL carrier configurations should be broadcast in a new system information block.  The use of a new system information block means that a legacy UE that will not understand the contents does not need to acquire the information.  If this information was embedded inside of an existing system information block, for example SIB2, then a legacy UE will have to receive this information, even though it will not understand it or require it, costing power.
Proposal 6: A list of non-anchor DL carriers and UL carriers broadcast in a new SIB.
3.2 NPRACH Resource Configuration
3.2.1 Overview
Each NPRACH parameter (NPRACH-Parameters-NB-v14xy) defines a NPRACH resource, including timing, subcarriers and the UL and DL carrier.  The NPRACH parameters are then organized into a coverage level specific list (NPRACH-ParametersList-PerCE-v14xy).  An overview of the structure is shown in Figure 2.
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Figure 2 NPRACH Resource Configuration Overview
Proposal 7: NPRACH resources are organised into a per CE level list.
3.2.2 Delta Configuration
As can be seen from Figure 2, per CE level there is an ordered list of NPRACH parameters, starting with the anchor configuration and then all the NPRACH parameters for each carrier.

With the ordered list, starting at the anchor configuration, delta configurations can be applied per CE level.  Each parameter for the non-anchor can be optional, and if it is not present it is the same as the previous entryin the list.  For the first entry in the non-anchor list, if the parameter is absent, it is the same as the anchor parameters.

Proposal 8: Each parameter in an NPRACH resource configuration is optional and if absent the value from the previous entry in the per CE list is used.  For the first entry in the list if a parameter is absent then the value from the anchor carrier for the corresponding CE level is used.
3.2.3 ASN.1 Proposals

RadioResourceConfigCommonSIB-NB is broadcast as part of SIB2 is extended to include the non-anchor Rel-14 NPRACH configuration (nprach-Config-v14xy), as shown highlighted in yellow below:
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

]],


[[
nprach-Config-v14xy




NPRACH-ConfigSIB-NB-v14xy
OPTIONAL

-- Need OR

]]
}
BCCH-Config-NB-r13 ::=




SEQUENCE {


modificationPeriodCoeff-r13



ENUMERATED {n16, n32, n64, n128}

}

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}

}

-- ASN1STOP
NPRACH-ConfigSIB-NB-v14xy contains a CE level specific list of NPRACH parameters, with each NPRACH parameters defining a NPRACH resource. NPRACH-ConfigSIB-NB-v14xy also contains a list of probabilies for the anchor NPRACH resources.
NPRACH-Parameters-NB-v14xy defines the parameters for the NPRACH resource, including an indexes to the list of non-anchor carrier broadcast in system information for the DL and UL carriers which the NPRACH resource parameters apply to.  Also included is the probability for selecting the NPRACH resource.
NPRACH-ConfigSIB-NB Non-Anchor information elements
-- ASN1START
NPRACH-ConfigSIB-NB-v14xy ::= SEQUENCE {


nprach-AnchorCarrierProbability-r14
SEQUENCE (SIZE (1..maxNPRACH-Resources-NB-r13)) OF INTEGER (1..10),

nprach-ParametersList-r14


NPRACH-ParametersList-NB-v14xy

}

NPRACH-ParametersList-NB-v14xy ::= SEQUENCE (SIZE (1..maxNPRACH-Resources-NB-r13)) OF NPRACH-ParametersList-PerCE-NB-v14xy
NPRACH-ParametersList-PerCE-NB-v14xy ::= SEQUENCE (SIZE (1..maxULcarrier) OF NPRACH-Parameters-NB-v14xy

-- Parameters for a specific NPRACH config at a coverage level

NPRACH-Parameters-NB-v14xy ::= SEQUENCE {


nprach-CarrierProbability-r14


INTEGER (1..10),

nprach-Periodicity-r14 




ENUMERATED {ms40, ms80, ms160, ms240, 















ms320, ms640, ms1280, ms2560} OPTIONAL,


nprach-StartTime-r14




ENUMERATED {ms8, ms16, ms32, ms64, 















ms128, ms256, ms512, ms1024} OPTIONAL,


nprach-SubcarrierOffset-r14



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


nprach-NumSubcarriers-r14



ENUMERATED {n12, n24, n36, n48} OPTIONAL,


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


npdcch-NumRepetitions-RA-r14


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















r256, r512, r1024, r2048, 















spare4, spare3, spare2, spare1} OPTIONAL,


npdcch-StartSF-CSS-RA-r14



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


npdcch-Offset-RA-r14




ENUMERATED {zero, oneEighth, oneFourth, threeEighth} OPTIONAL,


nprach-NumCBRA-StartSubcarriers-r14

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















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

nprach-DL-CarrierIndex-r14



INTEGER (0..maxDLcarrier),


nprach-UL-CarrierIndex-r14



INTEGER (1..maxULcarrier)
}

-- ASN1STOP
Proposal 9: RAN2 to discuss the proposed ASN.1.
4 Conclusion

This contribution makes the following proposals to support NPRACH on multiple non-anchor carriers:
Proposal 1: maxNumPreambleAttemptCE-r13 and numRepetitionsPerPreambleAttempt-r13 are common as a baseline, other parameters can be set independently. 
Proposal 2: The UE selects a carrier from all the carriers using random selection and the configured probability of a carrier being selected.
Proposal 3: The probability of selecting a carrier is configured in steps of 10%.
Proposal 4: The UE performs NPRACH carrier selection for each preamble attempt.

Proposal 5: Introduce UL carrier index into the RA-RNTI formula: RA-RNTI = 1 + carrier_id + x * floor(SFN_id/4)

Proposal 6: A list of non-anchor DL carriers and UL carriers broadcast in a new SIB.

Proposal 7: NPRACH resources are organised into a per CE level list.

Proposal 8: Each parameter in an NPRACH resource configuration is optional and if absent the value from the previous entry in the per CE list is used.  For the first entry in the list if a parameter is absent then the value from the anchor carrier for the corresponding CE level is used.
Proposal 9: RAN2 to discuss the proposed ASN.1.
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