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Introduction
In WID on Rel-17 enhancements for NB-IoT [1], one objective to support carrier selection based on the coverage level, and associated carrier-specific configuration is described as:
· Introduce support for NB-IoT carrier selection based on the coverage level, and associated carrier specific configuration (e.g. maximum repetitions UL/DL, DRX configurations, etc.). [NB-IoT] [RAN2, RAN3]

The UEs with good coverage level, with a low latency requirement, could have been blocked by the UEs with deep coverage level, which needs a large repetition number in the same carrier. This feature can improve this situation by distributing UEs with different coverage levels, different service types, and different latency requirements to different non-anchor carriers, so that resource efficiency can be improved. 
In this paper, we discuss the scope and the design of carrier selection enhancement. 
Discussion
Non-anchor carrier for paging
UE specific DRX cycle in RRC idle state was introduced in Rel-16. Some UEs which need a quick network response can benefit from a shorter DRX cycle, such as 320ms. However, considering the UEs in deep coverage level are also camping on the same carrier, the PDCCH repetition number of a paging occasion would be too large, even could causing a CSS overlapping issue, which has been discussed a lot during the meeting in [2]. The agreement is to introduce a parameter of broadcasted minimum UE specific DRX value. If the UE specific DRX cycle of a UE is smaller than the broadcasted minimum value, the UE uses the broadcasted value. For the cells that enabled a shorter DRX cycle like 320ms, the NW ensures PCCH configuration does not lead to CSS overlapping. In a word, one cell cannot provide a short DRX cycle and deep coverage support at the same time due to the CSS overlapping issue.
Observation 1: Before Rel-17, one cell cannot provide a short DRX cycle and deep coverage support at the same time due to the CSS overlapping issue.
[bookmark: _GoBack]One way to get out of the dilemma is to distribute the UEs with different DRX cycle configuration to different carriers of a cell. UEs with shorter DRX cycle configuration (i.e., the DRX value below a certain threshold, like 1.28s) would be allowed to select a particular carrier. NW can send a paging message on that carrier to the UE with the knowledge of the specific DRX cycle configuration, where RAN3 can define the detailed process. The rest of the carriers can be selected by the UEs with other DRX configurations, as well as the UEs in deep coverage level, because the CSS overlapping issue is not found in that DRX configuration. With this mechanism, one cell can support UE specific DRX and deep coverage at the same time.
Proposal 1: UEs with shorter DRX cycle configuration (i.e., the DRX value below a certain threshold, like 1.28s) are allowed to select a particular non-anchor carrier for paging.
In order to let the network know whether the UE with shorter DRX cycle configuration listens to the paging message on the particular non-anchor carrier for paging or on the carrier according to the legacy solution, a UE capability is necessary.
Proposal 2: A UE capability of selecting a particular non-anchor carrier for paging should be defined.
Although this is a Rel-17 feature, the CSS overlapping issue is existing in Rel-16 so that it can be early implemented in Rel-16.
Proposal 3: Early implementation of this solution in Rel-16.
Non-anchor carrier for random access

Before Rel-17, UE selects the non-anchor carrier for random access based on the probability. Therefore the working load of carriers is equalized. One carrier can support as most 3 CE level configurations for UEs on different coverage. So UEs in good coverage and UEs in deep coverage can send preamble and MSG3 in the same UL carrier. Since the DL carrier of random access for MSG2 and MSG4 is designated in the UL carrier configuration, so UEs in good coverage and UEs in deep coverage can receive MSG2 and MSG4 in the same DL carrier. But UEs in good coverage need much less repetition number than the UEs in deep coverage, when the UEs in deep coverage is transmitting/receiving data, the UEs in good coverage have to wait for a quit long time. A typical case of the repetition number of MSG2/MSG4/MSG3for UEs in good coverage is 2, and the repetition number of MSG2/MSG4/MSG3for UEs in deep coverage is typically more than 32. A rough conclusion can be: one UE in deep coverage can block more than 16 UEs in good coverage.
Observation 2: A lot more UEs in good coverage could be blocked by one UE in deep coverage.
If UEs in good coverage can select a different carrier for their use, the UEs in deep coverage would not be able to impact, and the cell can provide service to more UEs than before. 
For the UE initiated random access, UE can select a non-anchor carrier from a set of carriers that only support UE in good coverage. For NPDCCH order and physical layer SR that is not initiated by UE, the network should have been aware of the coverage level of that UE, so the network should be able to allocate the UE to the right carrier to avoid the issue mentioned above, and this is irrelevant to this work item.
Propose 4: A part of non-anchor carriers for random access can only be selected by the UEs in good coverage for UE initiated random access.
The network does not have to know whether the UE has the capability to select a non-anchor carrier based on the coverage level, since the random access is initiated by UE. 
Propose 5: No need a UE capability of selecting the non-anchor carrier based on the coverage level.
But there is a possibility that the carries for good coverage are overloaded for too much UEs in the good coverage. The network may not has a way to notify the real-time traffic load information to the UE, so at least UE should select another carrier from the other part of the carries if it failed to access the network on the carrier for good coverage.
Propose 6: UE should select another carrier from the other part of the carries if it failed to access the network on the carrier for good coverage.
Conclusion 
Observation 1: Before Rel-17, one cell cannot provide a short DRX cycle and deep coverage support at the same time due to the CSS overlapping issue.
Observation 2: A lot more UEs in good coverage could be blocked by one UE in deep coverage.
Proposal 1: UEs with shorter DRX cycle configuration (i.e., the DRX value below a certain threshold, like 1.28s) are allowed to select a particular non-anchor carrier for paging.
Proposal 2: A UE capability of selecting a particular non-anchor carrier for paging should be defined.
Proposal 3: Early implementation of this solution in Rel-16.
Propose 4: A part of non-anchor carriers for random access can only be selected by the UEs in good coverage for UE initiated random access.
Propose 5: No need a UE capability of selecting the non-anchor carrier based on the coverage level.
Propose 6: UE should select another carrier from the other part of the carries if it failed to access the network on the carrier for good coverage.
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