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1 Introduction

The idea behind flexible NR specification is to allow a system design optimized for specific deployments and services. For example, URLLC services could require shorter TTI in order to achieve targeted latency and reliability, mMTC services could use narrow bandwidth for efficient transport of short data bursts, and eMBB services could utilize larger TTI to minimize overhead and improve throughput. Multiple numerologies are being considered in RAN1 to optimize physical layer design for different 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 we discusses how multiple physical layer numerologies impact MAC layer.  
2 Discussion
2.1 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 1: 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 2: Separate DRX procedures are executed for each numerology. 

2.2 RACH

In RAN1#87, the following agreement was reached for PRACH configuration [4]:

· NR will support different PRACH configurations, e.g., considering different numerologies case and whether Tx/Rx reciprocity is available or not at gNB
Services using different numerologies may have different performance requirements on random access. For example, URLLC service may require low latency in setting up a connection, but mMTC service may require its access consumes the least amount of energy possible.  Although LTE’s random access protocol does not explicitly support multiple services, it does have a rich set of configurable parameters that may be adjusted to achieve different performance objectives.  For example, during the preamble transmission phase, URLLC service may use larger power ramp offset and short or no backoff window to increase access success probability and hence reduce access latency. Similarly, high-indexed PRACH configurations could be used for URLLC service to reduce collision and increase access success probability.    
Proposal 2: Study whether the existing LTE random access procedure can be extended to support multiple services/numerologies through parameter configuration.     
3 Summary
Based on the above discussions, we recommend RAN2 discuss the following proposals: 
Proposal 1: 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 2: Separate DRX procedures are executed for each numerology. 

Proposal 3: Study whether the existing LTE random access procedure can be extended to support multiple services/numerologies through parameter configuration.
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