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1. Introduction
To support various requirements of different services, NR is envisioned to support different OFDM numerologies in a single framework. RAN1 has agreed to study different numerologies between different/same carrier(s) for a given UE.  Therefore, UE will be configured with multiple numerologies simultaneously in TDM and/or FDM pattern. There was argument over whether a single numerology will be used exclusively for a specific service or shared between different services. To support efficient spectrum utilization and network operation flexibility, it is preferable to allow numerology sharing while meeting service requirements. For example, eMBB service with delay tolerability can use the numerology for URLLC with the restriction that the performance of URLLC service is not harmed. From RAN2 perspective, radio resource sharing is realized by multiplexing which is determined by the mapping between the logical channel and the numerology, and the priority of each logical channel.
In RAN2 NR AH meeting hold Jan 2017, the following agreement was made [2]:

1: a single logical channel can be mapped to one or more numerology/TTI duration. 

2: ARQ can be performed on any numerologies/TTI lengths that the LCH is mapped to. 

3: The RLC configuration is per logical channel without dependency on numerology/TTI length.

4: Logical channel to numerology/TTI length mapping can be reconfigured via RRC reconfiguration.

5:
RAN2 will leave RAN1 to decide whether HARQ retransmission can be performed across different numerologies and/or TTI durations. 

6: wait for more details from RAN1 to decide whether HARQ configuration, if any, needs to be numerology/TTI duration specific.

7: a single MAC entity can support one or more numerology/TTI durations. 
8: LCP takes into account the mapping of logical channel to one or more numerology/TTI duration. Details of LCP will be discussed in the WI phase
In this contribution, we analyze the detailed logical channel multiplexing schemes to support the introduction of multiple numerologies.
2. Discussion
2.1.  Logical channel and LCP in LTE
In LTE, data from different logical channel are multiplexed into a single MAC PDU which will be sent on a single numerology with TTI length of 1ms. LCP (Logical Channel Prioritisation) procedure is used for the MAC PDU construction by deciding the amount of data from each logical channel. By using the LCP procedure, the UE can satisfy the QoS of each radio bearer in the best and most predictable way.

In LTE, a PBR (Prioritized Bit Rate) is defined for each logical channel. The PBR is the minimum data rate guaranteed for the logical channel. Even the logical channel has lowest priority, at least a certain amount of MAC PDU space is allocated to guarantee the PBR. 
In LTE, LCP is implemented in two steps. In the first step, each logical channel is allocated resource in a decreasing priority order, with the amount of allocated resource limited by the corresponding PBR of the logical channel. After all the logical channel have been served up to their PBR values, if there is any space left, the second step is performed that each logical channel is allocated resource again in decreasing priority order, without limitation on the allocated resource. In other words, logical channel of lower priority can only be served if any logical channel of higher priority has no more data to transmit.

2.2. LCP on Multiple Numerologies in NR
RAN1 has discussed how different sub-bands within a carrier may be configured with different numerologies.  A transport block will be allocated within one sub-band, and therefore, there can only be one numerology with one TB. In the following analysis, we take this RAN1 discussion as the fundamental assumption.
In LTE, each logical channel is authorized to use the radio resource allocated by the network to the UE, except for unlicensed bands. The only difference is the PBR and priority of each channel. In NR, different numerology is used to obtain the performance-overhead balance for different services. For the delay sensitive service, like URLLC, numerology with reduced TTI is adopted to transmit and retransmit the URLLC data earlier at the cost of more control signalling. For the delay tolerable service, like eMBB, numerology with long TTI is adopted due to the enlarged maximum size of block of resource can be scheduled by a single control message. The network or the gNB can provide differentiated QoS to different logical channel via mapping between the logical channel and the numerology/TTI, and giving those logical channels proper priorities. Figure 1 illustrates a possible mapping between the logical channels and the numerologies, where the LCH1, LCH2 and LCH3 are mapped to numerology 1 in a decreasing priority order, and the LCH4, LCH5 and LCH6 are mapped to numerology 2 in a decreasing priority order.
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Figure 1 mapping between logical channels and the numerologies
In RAN2#96 and RAN2 NR AH meeting, it is agreed that a radio bearer/logical channel can be mapped to one or more numerologies. However, whether numerology specific priority can be configured for a single logical channel is not discussed yet. In LTE, the logical channel priority is assigned on a per UE basis since only one numerology is configured for the PUSCH. In NR, numerology specific priority should be supported to encourage data from a specific logical channel to be put into the MAC PDU which will be transmitted on more suitable numerologies. For instance, it is expected that eMBB data is more likely to be embedded into the MAC PDU for transmission on the numerologies with long TTI. On the other hand, the URLLC service should be de-prioritized on the numerology of long TTI compared with eMBB service.
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Figure 2 Numerology specific logical channel priority handling

Proposal 1: A single logical channel can be configured with numerology specific priority.
Figure 2 illustrates two alternatives of numerology specific logical channel priority handling rules, where each logical channel is configured to be associated with both numerology 1 and numerology 2. In Figure 2(a), similar LCP procedure as in LTE can be applied. For each numerology, the UE first allocates the resource to each logical channel to satisfy the PBR in a decreasing order of priority and then allocates the remaining resource for the remaining data associated with each logical channel in order of priority.

In Figure 2(b), a primary and a secondary logical channel group is defined for each numerology. For numerology 1, the primary logical channel group contains logical channel LCH1-LCH3, whilst the secondary logical channel group contains logical channels LCH4-LCH6. With this hierarchical logical channel grouping stem, logical channels LCH4-LCH6 can only be served on numerology 1 if the data of the logical channels LCH1-LCH3 have been exhausted. The same procedure applies to the LCP procedure on numerology 2, where the logical channels LCH1-LCH3 which belongs to the secondary logical channel group of numerology 2 are de-prioritized and are prohibited to use the radio resource if the logical channels LCH4-LCH6 which belongs to the primary logical channel group of numerology 2 still have data to transmit. 
The second alternative implies that different logical channels are treated in different steps of the LCP procedure. The benefit of the second alternative is to avoid eMBB data occupies the short TTI resource before all the URLLC data has been served. It also implies that URLLC data has opportunities for transmission on the long TTI resource if the short TTI resource is not allocated or not adequate in this TTI. Compared with the first alternative, the second alternative is more efficient at differentiating handling of logical channels based on the property of the numerology. 
Proposal 2: LCP rule should allow some logical channels to be precluded and to be served only after the data of the primary logical channels is exhausted.
In CA case configured with multiple numerologies across different carriers, when a specific logical channel is mapped to a group of numerologies, the UE may need to construct multiple MAC PDU for TBs from multiple carriers configured with distinct numerologies simultaneously. If the UE performs LCP sequentially on these UL grants from different carriers/numerologies, the amount of data of each logical channel put into the MAC PDUs may be different, as how much data UE sends in a numerology on one carrier also depends on how much data UE has for the resources left after PBR is satisfied. The processing order of UL grants from different carrier/numerologies may be determined either by network configuration, or by pre-defined criterion. The purpose of the numerology prioritization is for network to correctly calculate the amount of data expected from each logical channel and to allocate UL grant properly.
Proposal 3: When a logical channel is associated with multiple numerologies, the processing order of UL grants of different carriers/numerologies may be determined either by network configuration, or by pre-defined criterion. 
From the analysis above we propose the entire LCP follows:
1． Select a UL grant for processing according to network configuration or pre-defined criterion, if CA with multiple numerologies is configured.

2． Select the associated logical channels for the numerology/TTI duration of this UL grant.

3． Apply LCP on the logical channels selected in step 2.

4． Apply LCP on other logical channels if there is room left in the grant after step 3.
Proposal 4：The LCP in NR should be carried out according to the above procedure.
3. Conclusion
In this contribution, we analyze logical channel multiplexing schemes to support the introduction of multiple numerologies, and we have the following proposals:
Proposal 1: A single logical channel can be configured with numerology specific priority.
Proposal 2: LCP rule should allow some logical channels to be precluded and to be served only after the data of the primary logical channels is exhausted.

Proposal 3: When a logical channel is associated with multiple numerologies, the processing order of UL grants of different carriers/numerologies may be determined either by network configuration, or by pre-defined criterion.
Proposal 4：The LCP in NR should be carried out according to the following procedure:
1． Select a UL grant for processing according to network configuration or pre-defined criterion, if CA with multiple numerologies is configured.

2． Select the associated logical channels for the numerology/TTI duration of this UL grant.

3． Apply LCP on the logical channels selected in step 2.

4． Apply LCP on other logical channels if there is room left in the grant after step 3.
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