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Introduction
In the last RAN2 #95bis and RAN2 #96 meetings, we discussed the impacts of different numerologies and/or flexible TTI duration on MAC [1][2]. Through the discussion, the following agreements were derived.

	Agreements (RAN2 #95bis)
1. The eNB should have means to control which logical channels the UE may map to which numerology and/or TTIs with variable duration. Details FFS (e.g. whether semi-static or dynamic, hard split/soft split, etc).
2. A UE can support multiple numerologies from a single cell. FFS whether this is modeled as 1 or multiple MAC entities.



	Agreements (RAN2 #96)
1. A radio bearer can be configured by the network to be mapped to one or more numerology/TTI duration.
FFS: whether a single MAC entity can support one or more numerology/TTI durations (modelling issue).
FFS: whether a single logical channel can be mapped to one or more numerology/TTI duration.
FFS: whether a single HARQ entity can support one or more numerology/TTI duration.



In this contribution, we will discuss the details on the mapping between logical channels and numerologies and/or TTIs with variable duration. First of all, we will clarify the terms “hard split” and “soft split” in the above agreements and will investigate their pros and cons. Furthermore, we will discuss which method is more efficient to support multiple services using different numerologies and/or flexible TTI duration in NR.
Discussion
First of all, it is necessary to clarify how the hard split and the soft split operate differently. Please note that, throughout this paper, we use the term “TTI types” to indicate not only TTIs with variable duration but also different numerologies, just for simplicity.

Hard split-based approach
Fig. 1 shows an example of the mapping between logical channels and TTI types based on the hard split. It can be explained as follows.

  The gNB and the UE support 6 logical channels of {1, 2, 3, 4, 5, 6} and 2 TTI types of {A, B}.
  The logical channels {1, 2, 3} can be supported (i.e., transmitted and received) by the TTI type A.
· They cannot be supported by the TTI type B.
  The logical channels {4, 5, 6} can be supported by the TTI type B.
· They cannot be supported by the TTI type A.




Figure 1 Example of hard split-based approach
The pros and cons of the hard split-based approach can be described as follows.
  Pros
· The complexity of a MAC scheduler can be low due to its simple mapping rule.
· The hard split-based approach is favorable to the resource isolation policy for network slicing.
  Cons
· Radio resources can be wasted. For instance, even in the case where the amount of available resources with the TTI type A is larger than the amount of data from the logical channels {1, 2, 3}, the remaining resources cannot be utilized to support the logical channels {4, 5, 6}.
· Moreover, queuing latency can be increased. In other words, if the gNB is now setting the whole radio resources to the TTI type A, it is unavoidable for data from the logical channels {4, 5, 6} to wait until the gNB will configure the resources with the TTI type B.

Observation 1: In the hard split-based approach, a set of logical channels can only be mapped to designated TTI types. In other words, they are not allowed to be mapped to non-designated TTI types.
Observation 2: The hard split-based approach can make a MAC scheduler simple. However, it is expected that radio resources are somewhat wasted and queuing latency is increased.

Soft split-based approach
Fig. 2 shows an example of the mapping between logical channels and TTI types based on the soft split. It can be explained as follows.

  The gNB and the UE support 6 logical channels of {1, 2, 3, 4, 5, 6} and 2 TTI types of {A, B}.
  Any logical channels can be supported by any TTI types.
· For instance, the logical channels {4, 5, 6} can be supported by the TTI type A, which is not allowed by the hard split-based approach.




Figure 2 Example of soft split-based approach
The pros and cons of the soft split-based approach can be described as follows.
  Pros
· Radio resources can be used efficiently by scheduling data from any logical channels on any TTI types.
  Cons
· It is obvious that the complexity of a MAC scheduler can be high.
· The soft split-based approach is not favorable to the resource isolation policy for network slicing.
· Moreover, the QoS of a certain logical channel can be varied depending on which TTI type is used to support that logical channel. For example, data from the logical channels {1, 2, 3} may experience different air interface latency when it is transmitted on the TTI type A or B. From the perspective of a service (or slice) provider who wants stable QoS, this aspect can be a disadvantage.

Observation 3: In the soft split-based approach, any logical channels can be mapped to any TTI types.
Observation 4: The soft split-based approach can avoid the radio resource waste observed in the hard split-based approach. However, it can increase the complexity of a MAC scheduler and can be less favorable to the resource isolation policy for network slicing.

Hybrid approach
To take the advantages of the hard split and the soft split simultaneously, the combination of these two methods can be considered. We call this a hybrid approach. For easy understanding, we investigate the hybrid approach from the perspectives of (i) TTI types and (ii) logical channels.

Fig. 3 shows an example of the mapping between logical channels and TTI types based on the hybrid approach from the perspective of TTI types. It can be explained as follows.

  The gNB and the UE support 9 logical channels of {1, 2, 3, 4, 5, 6, 7, 8, 9} and 3 TTI types of {A, B, C}.
  The TTI type A can be used to support the logical channels {1, 2, 3}.
  The TTI type B can be used to support any logical channels.
  The TTI type C can be used to support the logical channels {4, 5, 6, 7, 8, 9}.




Figure 3 Example of hybrid approach from the perspective of TTI types
Fig. 4 shows an example of the mapping between logical channels and TTI types based on the hybrid approach from the perspective of logical channels. It can be explained as follows.

  The logical channels {1, 2, 3} can be supported by the TTI type A.
  The logical channels {4, 5, 6} can be supported by any TTI types.
  The logical channels {7, 8, 9} can be supported by the TTI types of {B, C}.




Figure 4 Example of hybrid approach from the perspective of logical channels
The pros and cons of the hybrid approach can be described as follows.
  Pros
· The hybrid approach provides to the gNB a way of controlling the trade-off between the hard split and the soft split.
· The resource waste caused by the hard split can be minimized.
· If necessary, the resource isolation for network slicing can be supported.
  Cons
· It is obvious that the complexity of a MAC scheduler can be high.

Observation 5: In the hybrid approach, the gNB can configure (i) a set of logical channels that can only be mapped to designated TTI types and (ii) a set of logical channels that can be mapped to any TTI types.
Observation 6: The hybrid approach provides to the gNB a way of controlling the trade-off between the hard split and the soft split. It can minimize the radio resource waste caused by the hard split and can also support the resource isolation for network slicing.

Based on the above observations, we suggest the following proposals in regard to the mapping between logical channels and different numerologies and/or TTIs with variable duration.

Proposal 1: To design the mapping rule between logical channels and numerologies/TTIs, the following aspects should be considered:
· Efficiency of radio resource utilization
· Support of radio resource isolation for network slicing
· Complexity of MAC scheduler design
· Etc.
Proposal 2: It is suggested that gNB should be able to configure (i) a set of logical channels that can only be mapped to designated numerologies/TTIs (i.e., not allowed to be mapped to non-designated numerologies/TTIs) and (ii) a set of logical channels that can be mapped to any numerologies/TTIs.
Conclusions
Observation 1: In the hard split-based approach, a set of logical channels can only be mapped to designated TTI types. In other words, they are not allowed to be mapped to non-designated TTI types.
Observation 2: The hard split-based approach can make a MAC scheduler simple. However, it is expected that radio resources are somewhat wasted and queuing latency is increased.
Observation 3: In the soft split-based approach, any logical channels can be mapped to any TTI types.
Observation 4: The soft split-based approach can avoid the radio resource waste observed in the hard split-based approach. However, it can increase the complexity of a MAC scheduler and can be less favorable to the resource isolation policy for network slicing.
Observation 5: In the hybrid approach, the gNB can configure (i) a set of logical channels that can only be mapped to designated TTI types and (ii) a set of logical channels that can be mapped to any TTI types.
Observation 6: The hybrid approach provides to the gNB a way of controlling the trade-off between the hard split and the soft split. It can minimize the radio resource waste caused by the hard split and can also support the resource isolation for network slicing.

Proposal 1: To design the mapping rule between logical channels and numerologies/TTIs, the following aspects should be considered:
· Efficiency of radio resource utilization
· Support of radio resource isolation for network slicing
· Complexity of MAC scheduler design
· Etc.
Proposal 2: It is suggested that gNB should be able to configure (i) a set of logical channels that can only be mapped to designated numerologies/TTIs (i.e., not allowed to be mapped to non-designated numerologies/TTIs) and (ii) a set of logical channels that can be mapped to any numerologies/TTIs.
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