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1 Introduction
The anchor carriers are deployed with inter frequency to reduce interference among cells with the same frequency in real NB-IoT network. If multiple UEs initiate service request simultaneously and the utilization rate of the anchor carrier is quite high, such as 70%, the non-anchor carriers should be deployed to solve the concurrent access problem. There is intra-frequency interference between the non-anchor carriers and other cells of the same frequency and the downlink narrowband reference-signal EPRE (Energy Per Resource Element) of the non-anchor carriers is generally lower relative to the downlink narrowband reference-signal EPRE of the anchor carrier to reduce the intervene between the non-anchor carrier and other cells using the same frequency. There is the overlapping area that the CE(Coverage Enhancement) level of the non-anchor carriers is worse than that of the anchor carrier and the UE may fail to access the non-anchor carrier or try more times to access the non-anchor carrier with the nprach resource (such as number of nprach repetitions) by utilizing the same CE level of the anchor carrier and select the carrier with worse CE level by the legacy selection probability for anchor nprach resource in the overlapping area. In the current specification, random access of the overlapping area has not been defined. This contribution mainly discusses on the random access issues on the multi-carrier for NB-IoT.

2 Discussion

Issues for Random Access on the multicarrier in NB-IoT
The NB-IoT R14 multi-carrier supports random access on the non-anchor carriers. The NPRACH resource is determined by the following points:
1) a NPRACH resource is mapped into an enhanced coverage level.
2) the mapping of the NPRACH resources into enhanced coverage levels is determined according to the following:
-
the number of enhanced coverage levels is equal to one plus the number of RSRP thresholds present in rsrp-ThresholdsPrachInfoList.

-
each enhanced coverage level has one anchor carrier PRACH resource present in nprach-ParametersList and zero or one PRACH resource for each non-anchor carrier signalled in ul-ConfigList.

3) 
when multiple carriers provide NPRACH resources for the same enhanced coverage level, the UE will randomly select one of them using the following selection probabilities:
-
the selection probability of the anchor carrier PRACH resource for the given enhanced coverage level, nprach-ProbabilityAnchor, is given by the corresponding entry in nprach-ProbabilityAnchorList

-
the selection probability is equal for all non-anchor carrier PRACH resources and the probability of selecting one PRACH resource on a given non-anchor carrier is (1- nprach-ProbabilityAnchor)/(number of non-anchor NPRACH resources)
There’s a note that An NB-IoT UE measures RSRP on the anchor carrier.
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Figure 1 The deployment of NB-IoT multi-carrier
The anchor carriers are deployed with inter frequency to reduce interference among cells with the same frequency in real NB-IoT network. If a large number of UEs random access to the cell simultaneously and the utilization rate of the anchor carrier is quite high, such as 70%, the non-anchor carriers should be deployed to solve the concurrent access problem. There is intra-frequency interference between the non-anchor carriers and other cells of the same frequency and the downlink narrowband reference-signal EPRE of the non-anchor carriers is generally lower relative to the downlink narrowband reference-signal EPRE of the anchor carrier to reduce the intervene between the non-anchor carrier and other cells using the same frequency as Figure 1. The coverage area of the non-anchor carriers is smaller relative to that of the anchor carrier. There is the overlapping area that the CE levels is different between the anchor carrier and non-anchor carriers, and CE level of the non-anchor carriers is usually worse than the CE level of the anchor carrier. Take CE0 coverage area as an example shown as Figure 2.
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Figure 2 the coverage area of the anchor carrier and the non-anchor carriers

Observation 1：There is the overlapping area that the CE level of the non-anchor carriers is worse than the CE level of the anchor carrier when the downlink narrowband reference-signal EPRE of the non-anchor carrier is lower relative to the downlink narrowband reference-signal EPRE of the anchor carrier to reduce interference of intra frequency.
In the overlapping area that the CE level of the non-anchor carriers is worse than the CE level of the anchor carrier, there may be random access issues. The NPRACH CE level of the non-anchor carriers is same to the CE level of the anchor carrier determined by the RSRP and RSRP thresholds, and UE may fail to access the non-anchor carrier or need to try more times to access the non-anchor carrier with the nprach resource of the current CE level in the overlapping area. The current CE level nprach resource, such as maximum number of preamble transmission attempts maxNumPreambleAttemptCE, number of NPRACH repetitions per attempt numRepetitionsPerPreambleAttempt, may be not appropriate for UE to access the non-anchor carrier. Uplink power control and NPRACH power ramping is also related to the CE level and the UE may fail to access the non-anchor carrier cell with the terminal transmit power based on the current CE level.   
If UE selects the carrier only by the legacy selection probability for the anchor carrier NPRACH resource nprach-ProbabilityAnchor, the UE may select the carrier with worse CE level if the UE works in the overlapping area that the CE level of the non-anchor carrier is worse than that of the anchor carrier, and it may affect users’ experience, such as time delay. 
Observation 2: UE may fail to access the non-anchor carrier or try more times to access the non-anchor carrier by utilizing the same CE level of the anchor carrier and select the carrier with worse CE level by the legacy selection probability for anchor nprach resource if the UE works in the overlapping area that the CE level of the non-anchor carrier is worse than that of the anchor carrier. 
As follows, we have two issues and corresponding solutions.
Issue 1: UEs may select the inappropriate nprach resource(such as number of nprach repetitions) and fail to access the cell on the non-anchor carriers if the UEs utilize the same NPRACH CE level of the anchor carrier in the overlapping area that the CE level of the non-anchor carrier is worse than the CE level of the anchor carrier. 

Solution 1：introduce a new RSRP Threshold list for each non-anchor carrier. The NPRACH CE level on the non-anchor carrier is determined based on comparison between NRSRP measurement results and the RSRP threshold of the non-anchor carrier.
Solution 2: The CE level of the non-anchor carrier is estimated by UE with the NRSRP measurment results, the RSRP threshold of the anchor carrier, and the downlink narrowband reference-signal EPRE offset of the non-anchor carrier relative to the downlink narrowband reference-signal EPRE of the anchor carrier.
There are three points that it‘s necessary to introduce a new RSRP threshold list for each non-anchor carrier.

1) The downlink narrowband reference-signal EPRE of the non-anchor carrier may be lower than that of the anchor carrier and the coverge area of the non-anchor carrier can be smaller than that of the anchor carrier.
2) The uplink interference of the non-anchor carrier may be different from that of the anchor carrier, and the RSRP threshold is important for uplink power control to sovle the access failure issues caused by uplink interference. 
3) The intra-frequency interference of the non-anchor carrier may be different from that of the anchor carrier. The anchor carrier and  the non-anchor carriers utilize different frequency point and the interference from the cells with the same frequency point is different. If the intra-frequency interference of one carrier is strong, the RSRP thresholds also need to be adjusted.
The solution 2 doesn’t consider that the uplink interference and the intra-frequency of the non-anchor carriers may be different from that of the anchor carrier. RSRP threshold of the non-Anchor carriers should not be adjusted if it’s required. Therefore, solution 2 is unacceptable from operator point of view.
In conclusion, in order to select the appropriate nprach resource to access the non-anchor carrier cell, we propose:    
Proposal 1：Introduce a new RSRP Threshold list for each non-anchor carrier  in the IE NPRACH-ConfigSIB-NB.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
Issue 2: The UE may select the carrier with worse CE level by the legacy selection probability for anchor nprach resource when the CE levels are different between the anchor carrier and the non-anchor carriers. It may increase network traffic and more resource consumption, and affect UEs’ service experience.
As follows, we share two candidate solutions and analysis the pros and cons for them.
Solution a：Introduce a new selection probability for the anchor carrier NPRACH resource, which the UE should apply when the CE level of the non-anchor carriers is different from that of the anchor carrier in the IE SystemInformationBlockType22-NB.
Solution b: The UE appropriately raises the selction probability for the anchor carrier, if the CE level of the non-anchor carrier is worse than that of the anchor carrier. 
In the solution a, the UE comparises the CE level of the anchor carrier and non-anchor carriers, and utilizes the new selection probability when the UE’s CE level of the anchor carrier and non-anchor carrier is different. The UE can be more likely to access the carrier with better CE level.
In the solution b, the selection probabilty of the anchor carrier with better CE level may be raised by terminal implementation, but there is no definition in the current specification when the CE level of the non-anchor carrier is worse than that of the anchor carrier. Different terminals may have different implementation methods, and the NB-IoT network cannot manage the selection probability for anchor carrier. It may result in a great impact on the load of anchor carrier when most UEs are more likely to select the anchor carrier if the CE level of the non-anchor carrier is worse than that of the anchor carrier. Therefore, solution b is unacceptable from operator point of view.
In conclusion, in order to select the carrier with a better CE level by greater probability when the CE level of the non-anchor carrier is worse than that of the anchor carrier, we propose to introduce solution a.
Proposal 2：Introduce a new selection probability for the anchor carrier NPRACH resource, which the UE should apply when the CE level of the non-anchor carriers is different from that of the anchor carrier in the IE SystemInformationBlockType22-NB.
Proposal 3: Introduce this feature in Rel-16 and support early implementation by UE and eNB.
3 Conclusions
In this paper, we discussed on the issues we faced in NB-IoT real network. We would like to propose:
Observation 1：There is the overlapping area that the CE level of the non-anchor carriers is worse than the CE level of the anchor carrier when the downlink narrowband reference-signal EPRE of the non-anchor carrier is lower relative to the downlink narrowband reference-signal EPRE of the anchor carrier to reduce interference of intra frequency.
Observation 2: UE may fail to access the non-anchor carrier or try more times to access the non-anchor carrier by utilizing the same CE level of the anchor carrier and select the carrier with worse CE level by the legacy selection probability for anchor nprach resource if the UE works in the overlapping area that the CE level of the non-anchor carrier is worse than that of the anchor carrier. 
Proposal 1：Introduce a new RSRP Threshold list for each non-anchor carrier  in the IE NPRACH-ConfigSIB-NB. 

Proposal 2：Introduce a new selection probability for the anchor carrier NPRACH resource, which the UE should apply when the CE level of the non-anchor carriers is different from that of the anchor carrier in the IE SystemInformationBlockType22-NB.
Proposal 3: Introduce this feature in Rel-16 and support early implementation by UE and eNB.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           
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The overlapping coverage area that the anchor carrier is CE0 and the non-anchor carriers is CE 1
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