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1 Introduction
In RAN #72 meeting, new WI proposal on Enhancements of NB-IoT was agreed [1]. One of objectives of this WI is to specify the following Non- Anchor PRB enhancements:
· Support transmission of NPRACH on a non-anchor NB-IoT PRB [RAN2,RAN4] 
· Support transmission of paging on a non-anchor NB-IoT PRB [RAN2, RAN1,RAN3]
In R13, the concept of non-anchor carrier has been introduced. The IE CarrierConfigDedicated-NB is used to specify a non-anchor carrier for the UE. However, the non-anchor carrier is only used for DL and UL unicast transmissions.

In order to enlarge the random access capacity for NB-IoT system, it’s proposed to allow UE to use both anchor carrier and non-anchor carrier for random access. With the PRACH resource configuration on non-anchor, the R14 NB-IoT UE and network may give priority to use non-anchor carrier so as to reduce the load on anchor carrier and achieve better random access performance.
In order to support transmission of NPRACH on a non-anchor carrier, the reasonable PRACH resource configuration, the carrier selection for preamble transmission and if necessary, the carrier reassignment should be discussed and further specified.
2 Discussion
2.1 PRACH resource configuration for non-anchor carrier
In R13 specification, the non-anchor carrier information can only be provided through dedicated signalling, e.g. through Msg4 and in IE CarrierConfigDedicated-NB. The UE has no idea about non-anchor carriers before connecting to network. Therefore, it’s necessary for the network to broadcast the non-anchor carrier information and corresponding PRACH resource. 
Before considering the detailed non-anchor carrier and related PRACH resource configuration, the following issues need to be discussed:

Issue #1: How many non-anchor carriers are needed.

It’s mainly based on random access capacity requirement and operator’s policy. A maximum number should be defined. Furthermore, whether maximum numbers for DL and UL non-anchor carriers are different may be considered.
Issue #2: Whether or not it’s necessary the PRACH resource configuration for non-anchor carrier is different from that for anchor carrier.

The non-anchor carrier can only be used by R14 NB-IoT UEs for PRACH while anchor carrier can be used by both R13 and R14 NB-IoT UEs. The load on non-anchor carrier may be different from that on anchor carrier. In this sense, the PRACH resource configuration for non-anchor carrier should be different from that for anchor carrier. For example, the needs for the number of subcarriers may be different. So it’s better to allow independently configuring PRACH resource for non-anchor carriers. Considering PRACH configuration may be different for each CE level, to configure anchor carrier and non-anchor carrier for different CE levels is an indirect way to differentiate configuration for different carriers. 
Observation 1: It’s better to allow independently configuring PRACH resource for non-anchor carriers which may be different from the PRACH configuration for anchor carrier.
Issue #3: Whether or not it’s necessary for different non-anchor carriers have different PRACH resource configuration.
Not much necessity has been seen to configure different PRACH resource for different non-anchor carriers. Furthermore, if PRACH configurations for non-anchor carriers are different, it may increase complexity for carrier selection algorithm. If it really has the necessity, similar to the issue 2, to configure different non-anchor carriers for different CE levels may be an indirect way.
Observation 2: It’s better to configure identical PRACH resource for different non-anchor carriers. 
Based on the above observations, it’s proposed to configure available carrier list for every CE level. And, if capacity requirement for CE level is different, to configure a varying number of non-anchor carriers for every CE level can provide flexibility to meet capacity requirement, e.g., for CE level 0, only a non-anchor carrier may be enough while more carriers are needed for CE level 2.
Proposal 1: The network should broadcast the non-anchor carrier information. To configure a PRACH carrier list for each CE level should be discussed.
Based on the proposal 1, the following configuration alternative is given in order to use non-anchor carrier in random access procedure.
Alternative 1: To broadcast the list of non-anchor carriers through SIBx message and define a new carrier list to indicate the available carrier(s) in each PRACH resource set corresponding to each CE level. 
The configuration example is as following:
SystemInformationBlockTypeX-NB ::=
SEQUENCE {
......
nonAnchorCarrierList-r14              NonAnchorCarrierList-NB-R14
}
NonAnchorCarrierList-NB-r14 ::=
SEQUENCE (SIZE (1..maxNonAnchorCarrier)) OF NonAnchorCarrierFreq-NB-r14
NonAnchorCarrierFreq-NB-r14      ::=
SEQUENCE (

dl-NonAnchorCarrierConfig-r14

CarrierFreq-NB-r14,

ul-NonAnchorCarrierConfig-r14

CarrierFreq-NB-r14
}
......
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-CarrierConfig-r14



NPRACH-CarrierConfigSIB-NB-r14

OPTIONAL,
]]
}
NPRACH-CarrierConfigSIB-NB-r14 ::=

SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF NPRACH-Parameters-NB-r14
NPRACH-Parameters-NB-r14::=  
SEQUENCE (SIZE (1.. maxNPRACH-Carrier)) OF CarrierFreq-NB-r13
In this alternative, E-UTRAN broadcasts all the non-anchor carriers, e.g., in NonAnchorCarrierList-NB-r14, in one of the SIB message. Each non-anchor carrier can be configured uplink ARFCN and downlink ARFCN, or if necessary, can be configured with the similar parameters as those in non-anchor carrier configuration in dedicated signalling, that is, besides of uplink ARFCN and downlink ARFCN, downlink Bitmap and downlink Gap may be configured. 
Furthermore, a R14 PRACH carrier configuration is appended into R13 PRACH configuration. Each entry in such PRACH carrier configuration is a carrier list related to one CE level. The carrier list can include a subset of all the non-anchor carriers, or includes both anchor carrier and some non-anchor carriers, or most simply includes only one non-anchor carrier. Each item in this carrier list can be ARFCN or even the index of the carrier in NonAnchorCarrierList-NB-r14. 
If different PRACH configuration from that for anchor carrier is wanted for some non-anchor carriers, a separated PRACH resource can be configure for the non-anchor carriers in the carrier list corresponding to the CE level. Based on the example for alternative 1, the updated part is as following, where NPRACH-ConfigSIB-NB-r14 has the similar structure as NPRACH-ConfigSIB-NB-r13:
NPRACH-Parameters-NB-r14::=  
SEQUENCE (

carrierList-r14
CarrierList-r14

carrierPRACHConfig  NPRACH-ConfigSIB-NB-r14,
} 
CarrierList-r14::=  
SEQUENCE (SIZE (1.. maxNPRACH-Carrier)) OF CarrierFreq-NB-r13
If there have different observations for the above issues, e.g., if it really has the necessity to configure separated PRACH resource for anchor carrier and non-anchor carrier or among different non-anchor carriers, the following alternative 2 can be considered.  
Alternative 2: To broadcast the list of non-anchor carriers through SIBx message. And for each carrier in this list, it has full PRACH resource configuration, e.g. have several PRACH parameter sets corresponding to CE levels.

The configuration example is as following:

SystemInformationBlockTypeX-NB ::=
SEQUENCE {
......
nonAnchorCarrierList-r14              NonAnchorCarrierList-NB-r14
}
NonAnchorCarrierList-NB-r14      ::=
SEQUENCE (SIZE (1..maxNonAnchorCarrier)) OF NonAnchorCarrierCommon-NB-r14
NonAnchorCarrierCommon-NB-r13 ::=

SEQUENCE {

dl-NonAnchorCarrierConfig-r14

CarrierFreq-NB-r14,

ul-NonAnchorCarrierConfig-r14

UL-CarrierConfigDedicated-NB-r14 
}
UL-CarrierConfigDedicated-NB-r14 ::=
SEQUENCE {
ul-CarrierFreq-r14


CarrierFreq-NB-r13



prachConfigOnNonAnchor-r14

NPRACH-ConfigSIB-NB-r14,
}
With such configuration, all the non-anchor carriers can be configured their own PRACH resource. However, the entire configuration for the non-anchor carriers may be large and there may have redundant information. 
2.2 Carrier selection for preamble transmission
Generally, at the initial deployment of R14, it’s more recommended to use non-anchor carriers in order to make full use of capacity of non-anchor carriers. As time goes by, the policy may be changed, e.g., the load balance between anchor carrier and non-anchor carrier are needed. Based on the policy, the network can assist the UE to select suitable carrier for PRACH through configuration or explicit indication.

Furthermore, based on the analysis in section 2.1, if the configuration alternative 1 is used and only one carrier is configured for each CE level, the UE can simply transmit preamble on the configured carrier for the determined CE level. However, if more than one available carrier is configured for each CE level, carrier selection mechanism among the available carriers should be considered.
There exist some multi carrier selection mechanisms in LTE specification which can be reused for this multi carrier PRACH scenario in NB-IoT. For example, multiple narrowband for paging is supported in eMTC. A UE monitors paging on the narrowband calculated by the following formula: 

PNB = floor (UE_ID/ (N*Ns)) mod Nn,   where Nn is the total number of narrowband for paging
The similar mechanism can be defined for carrier selection in PRACH procedure for NB-IoT. However, for some carrier selection mechanisms based on UE_ID or priority, the UE may always choose the certain carrier which leads the algorithm to unsatisfied distributing effect. Considering most of NB-IoT applications are not sensitive to access delay, in order to more uniformly distribute the UE on the available carriers and achieve better load balance in the long term, a time factor can be considered in the carrier selection mechanisms. Such time factor may be the time when the UE starts PRACH procedure or some other time domain parameters in the PRACH resource chosen by the UE. 
Even no time factor is considered, carrier selection mechanism can be optimized. In order to avoid continuous preamble transmission failure on one carrier, carrier selection can be applied not only before the transmission of the first attempt in current CE level, but also after unsuccessfully preamble transmission, such as when to start the next attempt, or when to switch to next CE level. And the set including available carriers can be adjusted. Such consideration is as described in following Figure 1.
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Figure 1: Carrier selection/reselection during PRACH procedure
The UE can autonomously apply carrier reselection after unsuccessfully preamble transmission. In some scenarios, such as when the network status has changed, the network also can indicate the UE to do carrier reselection with some indication in the downlink signalling during PRACH procedure, e.g., in Msg2 or Msg4. Besides that, the network can also reassign a certain carrier for the UE to do another preamble transmission.
Specially, for random access procedures triggered by paging, it’s better for the UE to transmit preamble on the current carrier used for monitoring paging. For random access procedures triggered by a PDCCH order, preamble can be transmitted on a carrier explicitly assigned by the eNB as part of a PDCCH order.
Proposal 2: Carrier selection mechanisms should be applied if multi carriers are configured for PRACH in NB-IoT. Carrier selection mechanisms based on UE_ID can be as baseline and optimization can be further considered.
Proposal 2a: To introduce a time factor into carrier selection mechanism can be considered in order to achieve better load balance in the long term. 
Proposal 2b: To apply carrier selection/reselection mechanism autonomously or indicated by network in different phases during PRACH procedure.
Proposal 3: For random access procedures triggered by paging, preamble can be transmitted on the current carrier used for monitoring paging. 
Proposal 4: For random access procedures triggered by a PDCCH order, preamble can be transmitted on a carrier explicitly assigned by the eNB as part of a PDCCH order.
2.3 Carrier selection for PDCCH monitoring
In the discussion of non-anchor carrier configuration, whether maximum numbers for DL and UL non-anchor carriers are different may be considered. If the answer is yes, not only the carrier for preamble transmission should be determined, but also the carrier for PDCCH monitoring during PRACH procedure should be determined.

The specification of eMTC has some mechanism to resolve similar issue, e.g., choosing one between two DL carriers based on parity of the preamble index. But if there are more DL and UL non-anchor carriers in R14 NB-IoT, the mechanism should be further optimized. For example, one simplest option for getting the carrier index for PDCCH monitoring is to apply an offset to the carrier index used for preamble transmission.  
Proposal 5: If maximum numbers for DL and UL non-anchor carriers are different in non-anchor carrier configuration, the mechanism to determine the carrier for PDCCH monitoring during PRACH procedure should be discussed.
3 Conclusion

Based on the analysis, we have the following considerations and proposals:
Observation 1: It’s better to allow independently configuring PRACH resource for non-anchor carriers which may be different from the PRACH configuration for anchor carrier.

Observation 2: It’s better to configure identical PRACH resource for different non-anchor carriers. 
Proposal 1: The network should broadcast the non-anchor carrier information. To configure a PRACH carrier list for each CE level should be discussed.

Proposal 2: Carrier selection mechanisms should be applied if multi carriers are configured for PRACH in NB-IoT. Carrier selection mechanisms based on UE_ID can be as baseline and optimization can be further considered.

Proposal 2a: To introduce a time factor into carrier selection mechanism can be considered in order to achieve better load balance in the long term. 

Proposal 2b: To apply carrier selection/reselection mechanism autonomously or indicated by network in different phases during PRACH procedure.

Proposal 3: For random access procedures triggered by paging, preamble can be transmitted on the current carrier used for monitoring paging. 

Proposal 4: For random access procedures triggered by a PDCCH order, preamble can be transmitted on a carrier explicitly assigned by the eNB as part of a PDCCH order.

Proposal 5: If maximum numbers for DL and UL non-anchor carriers are different in non-anchor carrier configuration, the mechanism to determine the carrier for PDCCH monitoring during PRACH procedure should be discussed.
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