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1 Introduction

The idea behind flexible NR specification is allow a system design to be optimized for specific deployments and services. For example, URLLC services would require shorter TTI in order to achieve targeted latency and reliability, mMTC services should usenarrow bandwidth for efficient transport of short data bursts, and eMBB services could utilize larger TTI to minimize overhead and improve efficiency to achieve high throughput. Multiple numerologies are being considered in RAN1 to enable optimum physical layer design for a target application. The current agreement in RAN 1 [1] is that multiple numerologies could be TDM’d of FDM’d in a single carrier and that NR should support dynamic resource allocation among different numerologies. In this contribution discusses how multiple physical layer numerologies impact MAC layer.
2 Discussion

At RAN2#95bis meeting [2], following agreements are made: 
 Agreements

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 modelled as 1 or multiple MAC entities.

While at RAN2#96 meeting [3] the following agreements were added:
Agreements
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 (modeling 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.    
The MAC layer is abstracted from physical layer details and the impact of multiple numerologies are visible in terms of different TTI lengths at which MAC layer provides MAC PDUs to the physical layer. In addition to understanding the TTI length MAC layer also needs to be aware of logical channels to numerology mapping. 

2.1 Logical channel prioritization and multiplexing  

As agreed in [2] and [3], gNB should be able to control which logical channels can be mapped to which numerology. At the time when the MAC layer is requested to provide MAC PDUs, MAC layer needs to execute logical channel prioritization (LCP) and multiplexing functions. Since each numerology has different service characteristics, LCP needs to be executed separately for each numerology. Only traffic associated with logical channels allowed to be transmitted over given numerology should be considered in each case.
Proposal 1: LCP should be executed separately for each numerology supported by a UE. 

In order to ensure desired QoS, it is important that mapping rules are respected. For example, URLLC traffic should not be sent using eMBB numerology due to latency and reliability differences that these two numerologies provide. This is a pure implementation for DL traffic, but it become standardization issue on the UL. If configured, UE may not be allowed to multiplex traffic from logical channels that are not mapped to URLLC numerology even if there is room for the payload. The eMBB numerology may simply not support QoS required by URLLC service and in order for the network to provide desired QoS, configured mapping needs to be followed at the UE side. 

Proposal 2: RRC may configure UE to multiplex traffic only from certain logical channels to a given numerology based on QoS requirements.  
2.2 HARQ  

Different numerologies will likely have different physical layer characteristics in terms of latency and the residual error rate. HARQ protocol is design to provide desired QoS characteristics of the physical channels. The characteristics can be impacted by multiple factors and HARQ configuration is one of them. For that reason, it is desirable that HARQ configuration should be numerology specific. 

Proposal 3: HARQ configuration should be numerology specific.     

2.3 DRX 

DRX is important UE feature due to the benefits of power savings. DRX procedure in LTE is UE specific due to single numerology supported by the UE. With the requirement to support different numerologies in NR, it is apparent that DRX procedure needs to be modified to support different numerologies. The design however, does not need to differ drastically from the LTE procedure. 

While DRX configuration can be different among different numerologies, it is desirable to align “on” duration among different numerologies. Alignment of “on” duration among different numerologies can save the battery life at the UE, while it does not compromise latency requirements for each of the configured numerologies. The principle is illustrated in Figure 1. For example, the DRX period of each numerology needs to be an integer multiple of the other numerologies with shorter periods and all DRX configurations share the same offset. The DRX procedure is then executed separately for each configured numerology.  
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Figure 1: Illustration of DRX configuration with different numerologies.
Proposal 4: DRX configuration is provided to the UE for each configured numerology. DRX period for each numerology need to be an integer multiple of the other numerologies with shorter periods and all DRX configurations share the same offset.  

Proposal 5: Separate DRX procedures are executed for each numerology. 
3 Summary
Proposal 1: LCP should be executed separately for each numerology supported by a UE. 

Proposal 2: UE should not be allowed to multiplex traffic only from logical channels mapped to a given numerology.
Proposal 3: HARQ configuration should be numerology specific.       
Proposal 4: DRX configuration is provided to the UE for each configured numerology. DRX period for each numerology need to be an integer multiple of the other numerologies with shorter periods and all DRX configurations share the same offset.  

Proposal 5: Separate DRX procedures are executed for each numerology. 
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