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Introduction
Support for numerology-specific random access configurations is being discussed by RAN1.  In this contribution we discuss the benefits of defining numerology-specific PRACH resources.
Discussion
NR will support a diverse set of use cases; e.g. mMTC, eMBB, UR/LL.   These use cases may have different performance requirements when performing a random access procedure.  The latency, robustness, etc. of the random access procedure will be impacted by the numerology that is used when performing the steps of the random access procedure.  Defining numerology-specific PRACH resources enables service differentiation when performing the random access procedure.  Numerology-specific PRACH resources can be optimized for the devices and services they are expected to support.  Services such as UR/LL that require low-latency access to the network could use a numerology with short TTIs, where the PRACH opportunities occur very frequently.  While low complexity devices could use a numerology with a longer TTI and a smaller BW for the PRACH resource.  Figure 1 is an illustration of how numerology-specific random access resources can be defined.  
Observation 1:  Defining numerology-specific PRACH resources enables service differentiation when performing the random access procedure.
Observation 2:  Numerology-specific random access resources can be optimized for the devices and services they are expected to support.


[bookmark: _Ref481751408]Figure 1 Numerology-Specific PRACH Resources
During the NR Study Item, RAN2 considered a 2-step random access procedure in addition to the 4-step procedure [1].  The 2-step random access procedure can be used to enable low latency/low overhead data transfer for small packets.  Further differentiation between numerologies could be provided by configuring support for the 2-step random for some numerologies.
Observation 3:  Further differentiation between numerologies could be provided by configuring support for the 2-step random procedure for some numerologies.
Figure 2 is an illustration of a service differentiated random access procedure.  When performing random access, the UE selects the PRACH resource from the appropriate numerology based on the service that triggered the random access procedure.  In this illustration, the mMTC device selects resources from the mMTC numerology and then uses the 2-step random access procedure to send a short status message to the network.  The eMBB and UR/LL devices select resources from their corresponding numerologies and then use the 4-step random access procedure to establish a connection.  All steps of the random access procedure are performed using resources from the same numerology.  The numerology-specific random access configurations can be configured independently and are signalled to the UE as part of the System Information (SI).
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Proposal 1:  Numerology-specific random access resources should be supported in NR.
Proposal 2:  When performing random access, the UE selects the PRACH resource from the appropriate numerology based on the service that triggered the random access procedure.
Proposal 3:  The numerology-specific random access configurations can be configured independently and signaled to the UE as part of the System Information (SI).
Conclusion
In this contribution, we discuss the benefits of defining numerology-specific PRACH resources and make the following observations and proposals: 
Observation 1:  Defining numerology-specific PRACH resources enables service differentiation when performing the random access procedure.
Observation 2:  Numerology-specific random access resources can be optimized for the devices and services they are expected to support.
Observation 3:  Further differentiation between numerologies could be provided by configuring support for the 2-step random procedure for some numerologies.
Proposal 1:  Numerology-specific random access resources should be supported in NR.
Proposal 2:  When performing random access, the UE selects the PRACH resource from the appropriate numerology based on the service that triggered the random access procedure.
Proposal 3:  The numerology-specific random access configurations can be configured independently and signaled to the UE as part of the System Information (SI).
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