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1 Introduction

In real NB-IoT network, single-carrier cells are deployed to meet coverage requirements for most scenarios, and multi-carriers cells are deployed for concurrent service scenarios to meet capacity expansion requirements. The anchor carriers are deployed with inter frequency to reduce interference among cells, and it’s generally that the non-anchor carriers in one cell are deployed on the same frequency as the anchor carrier in the neighbour cells. 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 interference between the non-anchor carrier and the neighbour cells using the same frequency. Due to lower EPRE of non-anchor carrier than EPRE of anchor carrier, coverage of non-anchor carrier is shrunken than the anchor carrier. Non-anchor carrier suffered more UL interference from the same frequency neighborhood cell with uplink service terminals. This may degrade uplink performance. According to the actual coverage, there is the overlapping area that the UE’s CE levels is different between on the anchor carrier and non-anchor carriers, and CE level on the non-anchor carriers is usually worse than the CE level for the anchor carrier. The UE may fail to access to the non-anchor carrier or try more times to access to the non-anchor carrier with the nprach resource based on the anchor carrier’s CE level. This contribution mainly discusses the random access issues on the multi-carrier for NB-IoT.

2 Discussion

Issues for Random Access on the multicarrier in NB-IoT

In real NB-IoT network, single-carrier cells are deployed to meet coverage requirements for most scenarios, and multi-carriers cells are deployed for concurrent service scenarios to meet capacity expansion requirements. The anchor carriers are deployed with inter frequency to reduce interference among cells, and it’s generally that the non-anchor carriers in one cell are deployed on the same frequency as the anchor carrier in the neighbour cell, as indicated in Figure1.
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Figure 1: The deployment in the NB-IoT network

There are some issues for random access on the multi-carrier in NB-IoT, and we discuss uplink and downlink issues separately.

For the downlink, 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 interference between the non-anchor carrier and the neighbour cells cells using the same frequency. Due to lower EPRE of non-anchor carrier than EPRE of anchor carrier, shrunken coverage of non-anchor carrier may result to MSG2 failure if npdcch-NumRepetitions-RA-r14 is configured same for anchor carrier and non-anchor carrier. 

For the uplink, the background noise is relatively strong in NB-IoT network, and the non-anchor carriers suffer more uplink interference due to the same frequency neighbor cell with uplink service terminals. This may degrade uplink performance, such as MSG 1 failure on the non-anchor carrier.

According to the actual coverage, there is the overlapping area that the UE’s CE levels is different between on the anchor carrier and non-anchor carriers, and CE level on the non-anchor carriers is usually worse than the CE level for the anchor carrier. Take CE0 coverage area as an example shown in Figure 2. The UE may fail to access to the non-anchor carrier or need to try more times to access to the non-anchor carrier with the nprach resource based on the anchor carrier’s CE level in the overlapping area.
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Figure 2 the coverage area of the anchor carrier and the non-anchor carriers

Observation 1: Due to lower EPRE of non-anchor carrier than EPRE of anchor carrier, shrunken coverage of non-anchor carrier may result in MSG2 failure if same npdcch-NumRepetitions-RA-r14 is configured for anchor carrier and non-anchor carrier. Non-anchor carrier is suffered more UL interference from the same frequency neighbor cell with uplink service terminals. This may degrade uplink performance, e.g., MSG 1 failure on non-anchor carrier.
Solutions comparison
For the random access issues on the multi carrier, different solutions were mentioned in the #116 e-meeting. Now we compare the advantages and disadvantages of the solutions.

Solution 1: Implementation methods is proposed by companies to solve the UL or DL problems, but there is still a waste of network resources.

1) DL issue: Shrunken coverage of non-anchor carrier results to MSG2 failure
To compensate for the lower power used on the downlink non-anchor carrier, the NPDCCH repetitions (see npdcch-NumRepetitions-RA-r14 in SIB22-NB) can be configured with a higher value. The solution can solve the access failure issues for the remote users(see figure 2 blue area marked with ‘x’), but a higher value repetitions will result in waste of resources for the users close to the eNB(see figure 2 yellow area) and reduction of the non-anchor carrier access channel capacity, which is contrary to the principle to expand the capacity by deploying the non-anchor carriers. In simple terms, if the NPDCCH repetitions is double, the resource consumption is almost double and the number of accessible users is halved. 

Observation 2: The downlink issues that the shrunken coverage of non-anchor carrier may result in MSG2 failure, can be solved by a higher NPDCCH repetitions (see npdcch-NumRepetitions-RA-r14 in SIB22-NB) for the non-anchor carrier, despite waste of network resource for some UEs of the non-anchor carrier.
2) UL issue: higher UL interference on non-anchor carrier results to MSG1 failure

To overcome the higher uplink interference on the non-anchor carriers, there are two potential implementation methods:

1) According to the current specification, the UL repetition numbers configured for the anchor carrier would also apply to the non-anchor carriers. As mentioned above, this may cause MSG 1 failure on the non-anchor carrier if the non-anchor carrier suffers higher uplink interference. One way to solve this issue is to increase the UL repetitions of the anchor carrier, and the method will influence all the users on the anchor carrier, and result in waste of network resource for the anchor carrier and reduction of the anchor carrier capacity. Similarly, users of non-anchor carrier close to the eNB have the same influence as the users of the anchor carrier. Obviously, this is not a wise approach.
2) Another possible implementation way is to use smaller RSRP threshold to shrink the coverage of anchor carrier to try to align with the UL coverage of the non-anchor carriers. This way still will influence the remote users of the anchor carrier, and there is waste of network resource.
Observation 3: The identified solutions based on implementation for the uplink issues that more UL interference of the non-anchor carrier may result in MSG 1 failure, e.g., increasing the UL repetition numbers configured for the anchor carrier or using smaller RSRP threshold to shrink the coverage of anchor carrier, would cause unnecessary UL resources waste for some UEs in anchor carrier.

The uplink interference issues on the non-anchor carrier would be solved only by adjusting the RSRP threshold and NPRACH repetitions configuration of the anchor carrier, which will influence some users of the anchor carrier. There aren’t network parameters or implementation solutions to solve this problem. So we propose solution 2 to solve the uplink interference issues of non-anchor carrier.

Solution 2: Introduce a new RSRP threshold list for each non-anchor carrier for random access to determine the UE’s CE level on non-anchor carrier. The RSRP threshold can be configured according the uplink interference. If the UE selects a non-anchor carrier and the CE level of the non-anchor carrier is different from that of the anchor carrier, the UE shall access to the carrier with better CE level or access to the non-anchor carrier with the corresponding CE level on the non-anchor carrier.

The solutions can adjust RSRP threshold configuration flexibly according to the uplink interference of the non-anchor carrier. The NPRACH CE level of the users on the non-anchor carrier is determined based on comparison between NRSRP measurement results and the RSRP threshold for the non-anchor carrier. Different CE levels are configured with different NPRACH repetitions number for anchor carrier, and would also apply to the non-anchor carriers. The network can adjust the NRSRP threshold configuration to adjust the users’ CE level.

The RSRP threshold of the non-anchor carrier shall be configured same as the RSRP threshold of the anchor carrier or absent if there’s no more uplink interference for the non-anchor carrier; and shall be raised according to the uplink interference if there’s more uplink interference for the non-anchor carrier. We give the examples as follow:

The given conditions: the RSRP threshold for the anchor carrier is configured with {-112,-112}dBm and there’s no uplink interference for the anchor carrier in real network; 

1. if there’s no uplink interference for the non-anchor carrier, the RSRP threshold for the non-anchor carrier shall be configured with {-112,-122}dBm or absent;

2. If the uplink interference raises 4dB, the RSRP threshold for the non-anchor carrier shall be configured with {-108,-118}dBm.
Proposal 1: Introduce a new RSRP threshold list for each non-anchor carrier for random access to determine the UE’s CE level on non-anchor carrier.

The NRSRP measurement results for the non-anchor carrier can be deduced or measured by the UE on this non-anchor carrier. If the NRSRP measurement results is deduced by the UE, the result is sum of NRSRP measurment results for 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(see nrs-PowerOffsetNonAnchor-r14 in SIB22).

Proposal 2: The NRSRP measurement results for the non-anchor carrier can be deduced or measured by the UE on this non-anchor carrier and there is no need to modify current specification.

In the current specification, for random access resource selection and preamble transmission, a PRACH resource is mapped into an enhanced coverage level based on the anchor carrier. When multiple carriers provide PRACH 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)

If the UE selects a non-anchor carrier, we would like to give the steps to access to this non-anchor carrier as follows:
Step1: the UE’s CE level on this non-anchor carrier is determined based on comparison between NRSRP measurement results and the RSRP threshold for the non-anchor carrier. 

Step2: the UE shall compare the UE’s CE level for anchor carrier and this non-anchor carrier.

-If the UE’s CE level of the non-anchor carrier is same to that of the anchor carrier, the UE shall access to the non-anchor carrier there’s no modification compared with the current specification.

-If the UE’s CE level of the non-anchor carrier is worse than that of the anchor carrier, we would like to give two options as follows:

Option 1: the UE shall access to the carrier with the better CE level if the CE level of the non-anchor carrier is worse than that of the anchor carrier.
For the network, it will save resource and the network can provide service for more users with limited resource. For instance, the number of NPRACH repetitions for CE 0 is 1, and the number of NPRACH repetitions for CE 1 is 4. The UE’s CE level for the anchor carrier is CE 0, and UE’s CE level for the non-anchor carrier is CE 1. The UE selects the  carrier based on CE 0 decided by the anchor carrier,  and it means that it will utilize 1 repetition to access the carrier. However, it will utilize 4 repetitions and cost 4 times network resource if the UE selects and accesses to the non-anchor carrier randomly. It may also result in overload of the non-anchor carrier. Otherwise, the selection probability of the anchor carrier PRACH resource(see nprach-ProbabilityAnchor-r14 in SIB-22) can be configured to reduce selection probability for the anchor carrie for load balance if there are too many users that CE level for the non-anchor carrier is worse than that for the anchor carrier.

For the terminal, it will save service time delay and obtain better service experience.  

The principle of option 1 is to enable as many users as possible to access with a better network.

Option 2: if there is NPRACH resources for the determined CE level on this non-anchor carrier, the UE will access to the non-anchor carrier with the corresponding CE level of the non-anchor carrier. Otherwise, the UE will access to the anchor carrier with the better CE level (e.g., the CE level determined with the original RSRP threshold).

Therefore, solution 1 would cause unnecessary UL resources waste for some UEs, and solution 2 is more flexible to solve the uplink interference issues. 

Proposal 3: If the UE selects a non-anchor carrier and the CE level of the non-anchor carrier is different from that of the anchor carrier, the UE will access to the carrier with better CE level or access to non-anchor carrier with the corresponding CE level on the non-anchor carrier.

3 Conclusions

In this paper, we discussed on the issues we faced in NB-IoT real network. We would like to propose:
Observation 1: Due to lower EPRE of non-anchor carrier than EPRE of anchor carrier, shrunken coverage of non-anchor carrier may result in MSG2 failure if same npdcch-NumRepetitions-RA-r14 is configured for anchor carrier and non-anchor carrier. Non-anchor carrier is suffered more UL interference from the same frequency neighborhood cell with uplink service terminals. This may degrade uplink performance, e.g., MSG 1 failure on non-anchor carrier.

Solution 1: Implementation methods is proposed to solve the UL or DL problems, but there is still a waste of network resources.

Observation 2: The downlink issues that the shrunken coverage of non-anchor carrier may result in MSG2 failure, can be solved by a higher NPDCCH repetitions (see npdcch-NumRepetitions-RA-r14 in SIB22-NB) for the non-anchor carrier, despite a waste of network resource for some UEs of the non-anchor carrier.

Observation 3: The identified solutions based on implementation for the uplink issues that more UL interference of the non-anchor carrier may result in MSG 1 failure, e.g., increasing the UL repetition numbers configured for the anchor carrier or using smaller RSRP threshold to shrink the coverage of anchor carrier, would cause unnecessary UL resources waste for some UEs in anchor carrier.
Solution 2: Introduce a new RSRP threshold list for each non-anchor carrier for random access to determine the UE’s CE level on non-anchor carrier. The RSRP threshold can be configured according the uplink interference. If the UE selects a non-anchor carrier and the CE level of the non-anchor carrier is different from that of the anchor carrier, the UE shall access to the anchor carrier or access to the non-anchor carrier with the corresponding CE level on the non-anchor carrier.

Proposal 1: Introduce a new RSRP threshold list for each non-anchor carrier for random access to determine the UE’s CE level on non-anchor carrier.         

Proposal 2: The NRSRP measurement results for the non-anchor carrier can be deduced or measured by the UE on this non-anchor carrier and there is no need to modify current specification.
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CE0 coverage area of the anchor carrier





CE0 coverage area of the non-anchor carriers





The overlapping coverage area that the CE level is CE0 for the anchor carrier and CE level is CE1 for the non-anchor carriers









