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1
Introduction
In RAN1#86 meeting, it was agreed that 
· Specification supports multiplexing numerologies in TDM and/or FDM within/across (a) subframe duration(s) from a UE perspective
In RAN1#86bis, it was agreed that
	· From network perspective, multiplexing of transmissions with different latency and/or reliability requirements for eMBB/URLLC in DL is supported by  
· Using the same sub-carrier spacing with the same CP overhead

· FFS: different CP overhead

· Using different sub-carrier spacing 

· FFS: CP overhead

· NR supports both approaches by specification

· NR should support dynamic resource sharing between different latency and/or reliability requirements for eMBB/URLLC in DL 


In the last RAN2#95bis meeting, it was agreed that

· 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)

· A UE can support multiple numerologies from a single cell. FFS whether this is modelled as 1 or multiple MAC entities.

This contribution analyses the impacts of multiple numerologies to the user plane (MAC).
2
Discussion
A key motivation to support multiple numerologies is the need to serve the diverse set of use cases. A numerology with shorter TTI length would be helpful in reducing the latency in comparison to a numerology with longer TTI length, which could in turn be useful for resource efficiency aspects for a different use case. However, it is important to study further the different options possible and evaluate them. The results in [1] show that latency critical use cases (URLLC) do not mandate the use of multiple numerologies since the latency targets can be achieved with a single numerology applying different TTI lengths.

Observation 1: Latency critical use cases (URLLC) do not provide a strong motivation for mixed numerology.
MAC layer is abstracted from physical layer for instance in terms of control channel structure and PHY timing. MAC operates on the TBs available from PHY layer and provides it with MAC PDUs. As a result, the impact or the visibility of multiple numerologies at MAC layer translates basically to different TTI lengths at which MAC layer needs to operate. The scheduler could support different TTI lengths dynamically.
Observation 2: Multiple Numerologies are visible at MAC layer as different TTI lengths.
Proposal 1: MAC design considers multiple numerologies as different TTI lengths.
2.1
Numerology Options: 
From network perspective, different options are possible to support multiple numerologies in NR.
Supporting different numerologies on different carriers: This option has some parallels with LTE CA and DC with the difference that aggregated carriers are operating on different numerologies. However, it remains FFS how the different TTI lengths in each carrier aggregated impacts to MAC operation.
From RAN2 point of view, aggregation of carriers with different numerologies should be supported in NR.
Supporting different numerologies on single carrier: In this case, different options are possible based on the granularity at which to support multiple numerologies on a single carrier.
· Single Numerology/TTI length per UE: This option is similar to LTE mode of operation where UE operates on a single numerology, with the difference that in NR, different UEs on the same carrier can have different numerologies. For a single user, all bearers/logical channels will use the same numerology/TTI length. The network may change the numerology/TTI length for the UE if required, for instance, based on the service requirements, power saving purposes, etc. With this option the impact to the complexity, cost and to the user plane, procedure would be low, since at a given time instance, the UE will operate with a single numerology/TTI length, which the network could reconfigure if needed.
· Different Numerology/TTI length per (a group of) bearer(s)/logical channel(s): In contrast to the previous option, different numerologies/TTI lengths per logical channel are supported. MAC entity needs to generate PDUs for individual numerology/TTI length in response to L1 request. The perceived complexity from MAC point of view depends on whether the different numerologies/TTI lengths for a given UE are to be supported in FDM or TDM manner in the PHY. 
Observation 3: Support for multiple numerologies/TTI lengths at the same time per UE has higher impacts on complexity and procedures in comparison to a single numerology/TTI length per UE.
2.2
Impacts of multiple numerologies within a single carrier
To create a common framework supported by L2 protocols to handle multiple numerologies, the impacted functions needs to be identified and analysed in detail.
2.2.1
Logical Channel Prioritization
One of the important function for MAC layer is logical channel prioritization (LCP), which is executed when UL transmission is required. For LTE the LCP scheme is based on logical channel priority configured by the network depending on the characteristics (QoS) of the service. With support for multiple numerologies, the prioritization procedure will be impacted differently with the option selected.
1.    Single numerology/TTI length per UE at a time point: The existing LCP procedure based on logical channel priority can be re-used in this case.
2.    Different numerology/TTI length per logical channel: The LCP procedure will require modifications to ensure that QoS requirements of the services are met. Some of the question which LCP procedure needs to  address are:
· Whether a logical channel associated with specific numerology can use grant of other numerology or not.

· Prioritization among logical channels associated with a numerology.

· Prioritization among logical channels associated with different numerologies.

2.2.2
Multiplexing

Another important function for MAC is multiplexing which enables to serve multiple logical channels of a user and serves multiple users and hence meet the QoS targets and enhance the efficiency of the system. Similarly, to the LCP procedure the multiplexing function will be impacted with multiple numerologies.
1.    Single numerology/TTI length per UE at a time point: Existing mechanism will work.

2.    Different numerology/TTI length per logical channel:  The multiplexing function (scheduler) additionally will have to ensure that the chosen users and logical channels for transmission are utilizing the same numerologies to ensure the gains of having different numerologies per logical channel, which as a trade-off affects the flexibility (resource efficiency).
2.2.3
HARQ

MAC entity for each cell has a HARQ entity, which maintains number of HARQ process. However, with support for multiple numerologies in NR it needs to be further studied how HARQ process can operate across multiple numerologies. This certainly offers flexibility if a user supports multiple numerologies but also poses challenges how to align the HARQ operation across different numerologies for instance the RTT, number of HARQ processes, HARQ feedback. With agreement [2] that it is preferable for NR to support only asynchronous HARQ in UL and DL. This allows the network control the HARQ operational parameters but increases the control overhead required to align configurations across multiple numerologies. However, this may be mainly for RAN1 to address.
2.2.4
DRX
Power saving being an important aspect for UE’s battery life. DRX is used in LTE to enable power saving in connected state. The DRX functionality in LTE is UE specific based on which the network could control and perform scheduling more optimally by controlling the DRX timers. However, in NR taking into consideration the diverse behaviour of the use-cases, introduction of the new inactive-connected state and multiple numerologies may require enhancements to the existing DRX operations. For the case when numerology/TTI length is per UE the configuration of the inactivity, timers can remain consistent unless the numerology is switched by the network with which DRX configuration can also be updated if needed. However, for the case when the numerologies are per logical channel the configuration of inactivity timers might expose challenges as the timers might not always correspond with the same numerology/TTI length. It requires further study and evaluation of different options like whether for example, DRX is based on a default reference numerology etc. Alternatively, the DRX configuration is driven numerology used for highest priority (latency critical) service of the user. 
3
Conclusions
This contribution analyses user plane impact with multiple numerologies in NR:
Observation 1: Latency critical use cases (URLLC) do not provide a strong motivation for mixed numerology.
Observation 2: Multiple Numerologies are visible at MAC layer as different TTI lengths.
Observation 3: Support for multiple numerologies/TTI lengths at the same time per UE has higher impacts on complexity and procedures in comparison to a single numerology/TTI length per UE.
Proposal 1: MAC design considers multiple numerologies as different TTI lengths.
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