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1 Introduction

In RAN1 #85 [1], the following agreements were made for multiplexing of different numerologies in NR:

Agreements:
· Forward compatibility of NR shall ensure smooth introduction of future services and features with no impact on the access of earlier services and UEs

· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported

· FDM and/or TDM multiplexing can be considered

Agreements:
· For a NR carrier (from network perspective) using multiple numerologies, at least the following is for further study

· multiple frequency/time portions using different numerologies share a synchronization signal

· Note: The synchronization signal refers to the signal itself and the time-frequency resource used to transmit the synchronization signal

In RAN2 #95bis[2], the following agreements were made related to the support for multiple numerologies:

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.

2 Support of Multiple Services
For LTE, a DRB is associated with a configuration of a number of layer 2 parameters for PDCP, RLC, and some MAC DRB specific related functions (e.g. prioritization and PBR used for LCP). Other MAC parameters and PHY parameters/procedures are configured independently of the DRB configuration. Grants and transmission-related parameters, radio link monitoring, control channels, HARQ processes and HARQ timing are all common across the DRBs served using resources of a given cell.  

For NR, support for a wider range of use cases and requirements may imply different physical layer transport mechanisms tailored to different flows for different services.  Multiple such services may be concurrently active for a given UE at a given time e.g. best-effort traffic, real-time traffic, sidelink traffic or traffic requiring ultra-low latency and ultra-reliable transmissions. 
To support multiple services simultaneously, an NR UE may utilize resources configured with a different set of associated physical layer and MAC layer properties required to satisfy the varying types of services.  
Such transmission properties may include:

· Numerology for data and/or control channel
· Control channel configuration and grants (including control sub-band(s) for each control channel)– given possible transmission using different framing/numerologies the UE may monitor different control channels to receive scheduling os flows with different QoS requirements.  

· UL/DL Data channels – similar to control channels different data channel processing, coding, frame structure may be defined to meet different QoS requirement such that each channel may be applicable to different subset of active flows for the concerned UE;
· TTI duration – to accommodate services with different latency requirements  

· HARQ processing/timeline and HARQ feedback – similar to TTI duration different services may require different  HARQ processing, timeline, RTT, and operating points

· Radio Access Characteristics (e.g. contention-based vs. contention-free) and resources

· Reliability (e.g physical layer encoding, use of beamforming, etc).  
· DRX configuration - The timing requirements for a flow or bearer has a direct impact on the amount of time the UE can use to save power, and should be considered separately for the different services
Observation 1:
To support multiple services the MAC will have to deal with data that has to be transmitted with significantly different transmission properties 
Multiplexing different services that have different requirements in the same transport block may not always be practical or desirable; in general this leads to selecting a transport mechanism that meets the most stringent requirements among the multiplexed services (e.g. in terms of reliability and latency).  For example multiplexing a service with high reliability requirement with a best effort service may lead to transmission of the best-effort service very inefficiently (e.g. by using very conservative MCS and/or too much power).  Clearly this inefficiency is undesirable particularly in this example if the ratio of high-reliability bits over best effort bits is small. 
Observation 2:
It is preferable from a resource efficiency perspective to not multiplex services with significantly different transmission properties and requirements (e.g. numerology, HARQ timeline, reliability etc).
As a result, means to control multiplexing of services with different transmission properties should be provided.  In the subsections that follow, we discuss the modelling of the MAC and PHY layers, MAC procedures such as random access, scheduling, and multiplexing of data for a UE using multiple services. 

2.1 Modelling of MAC in support of Multiple Services 
In LTE, a single MAC entity is associated with one scheduler, and one set of schedulable resources.  This relationship is true regardless of the number of cells configured for the MAC entity.  
For NR, handling of the resources associated with different transmission properties may be modelled with a single MAC entity, or by having multiple MAC entities each associated with a set of transmission properties.  If multiple MAC entities are used, additional coordination may be needed between the MAC schedulers to report resource utilization, or a static/semi-static partitioning of the resources used for each numerology would be needed, which may be suboptimal for a UE or the system at any given time.  A single MAC entity to process scheduling information over different numerologies may therefore be more efficient.
Proposal 1:
A single UE MAC entity can be configured to support more than one service type mapped to different transmission properties (including numerologies).
2.2 Modelling/Abstraction of Physical Layer 

A transport channel in LTE is defined by how and with what characteristics different types of data are transferred over the air interface.  The main transport channel for transmission of data in LTE is the DL-SCH and UL-SCH.  For CA, one DL-SCH and at most one UL-SCH can be configured per component carrier.   

Similar to LTE, the concept of transport channel should be used in NR to define how and with what characteristics the different types of data are transferred over the air interface.  To that effect we propose to model the different transmission types needed for different services as different transport channels.  A transport channel can be configured with a set of corresponding physical layer transport parameters (e.g. allowed numerology, control and data physical channels, TTI duration (or set of TTI durations), HARQ processing/timeline, numerology, radio link monitoring and recovery rules, radio access resources (specific in time/frequency, beamformed or not), etc.  
Proposal 2:
From the MAC perspective, different transmission properties (including numerology) for different services is modelled through the use of different transport channels.
HARQ configuration for a specific transport channel in NR may be specific to the type of service.  While RAN1 will develop the PHY-specific details of HARQ for different numerologies, it is expected that the different services will have different HARQ timeline, RTT, and operating points, depending on the latency requirements of that service.  HARQ configuration, such as the maximum number of retransmissions, may also be service dependant.  
Similar to the modelling of HARQ in carrier aggregation, where an independent HARQ entity is used for each component carrier, each transport channel in NR which supports a different numerology may be associated with a separate HARQ entity.  The configurations for each of these HARQ entities may be different, as each will rely on the properties of the underlying resources and the requirements of the services using that transport channel.
Proposal 3:
The MAC entity can be configured with one HARQ entity per transport channel.  

2.3 Handling of DRBs

In LTE, the MAC layer performs multiplexing of logical channels to transport channels, and this mapping is fixed in the specifications.

For NR, if the use of different services is modelled using distinct transport channels, it is advantageous that the mapping between DRB and transport channel is configurable by the gNB.  Since the mapping of QoS flow to DRB is performed in the gNB, the gNB should also have the flexibility to decide how each DRB should be mapped to the configured transport channels in order to meet the QoS requirements associated with the flow(s) associated with each DRB.  
In addition, the network may want to reuse some of the resources configured in the UE for URLLC service to transmit eMBB data when there is no URLLC service active or no data in the corresponding bearer for the URLLC service.  To avoid frequent reconfiguration of the resources at the UE, resource utilization would be more efficient if the gNB could control the mapping between DRB and transport channel associated with a numerology.   

Proposal 4:
The mapping between DRBs and transport channels can be configured by the network.

2.4 Impacts to Random Access Procedure

As proposed in [3], it could be advantageous for a UE to indicate its access requirements, including numerology, as early as possible during the random access procedure in order to reduce access latency for specific services.  Moreover, the RACH procedure itself may be performed in a specific numerology.  

Furthermore, in our companion contribution [4], we discuss the applicablity and aspects related to use of a 2-step RACH procedure initially discussed in RAN1 [5].  To reduce signaling overhead associated with access, as well as to serve as a means for low-latency and low-overhead data transmission (e.g. in the inactive state), it may be possible that a UE can use either a 2-step or 4-step RACH procedure.  Different RACH procedures may be utilized depending on the service, and these may be associated with different parameters (preambles, numerologies, resource configuration, etc).  

2.5 Scheduling

In LTE, based on the buffer status reports transmitted by the UE, the network may provide UL grants to satisfy the UEs requirements for each DRB using priority associated with each DRB.  We see no reason to modify this principle for NR.  However, since DRBs may require mapping to specific transport channels, it would be expected that the UE may receive and identify for which transport channel the grant is applicable for.  Such identification may be performed at the PHY layer based on decoding of the control channel.  For example, the transport channel associated with an UL grant may be indicated in the DCI on the control channel, a set of PRBs may be associated with a specific transport channel, or the UE may be configured with different control channel search spaces to receive UL grants associated to each transport channel.    Another possibility could be that an UL grant indicates resources available to more than one transport channel and that the UE indicates which transport channel(s) are transmitted in the resources by uplink control information.
In the DL case, a UE may receive a transport block on one of the configured or active transport channels.  De-multiplexing of DRBs transmitted within the same transport channel could utilize the information in the MAC header, as is the case in LTE today.   
Proposal 5:
The UE should have means to identify the type of transport block and its associated transport channel. 
2.6 Multiplexing of Data

The LCP procedure in LTE performs multiplexing of data from different logical channels to create a transport block based on priority of the logical channels up to a specific PBR configured based on the QoS properties associated with the logical channel.  While prioritization of the different logical channels is achived, there is no method for differentiation of the services that is possible since data from different logical channels will be multiplexed onto the same transport block.  
For all reasons above, the multiplexing process should at least be performed per transport channel for NR.  Potentially, if a DRB can be mapped to multiple transport channels, there needs to be some rules at the UE for when data can or cannot be sent over one of the mapped transport channels.
Proposal 6:
An instance of the LCP procedure in NR is performed separately per group of transport channels. FFS how grouping is performed e.g. if based on same transmission properties (including numerology). FFS how to handle DRBs mapped to multiple transport channels. 
3 Conclusion

In this contribution the following observations we made related to support of multiple services:
Observation 1:
To support multiple services the MAC will have to deal with data that has to be transmitted with significantly different transmission properties 
Observation 2:
It is preferable from a resource efficiency perspective to not multiplex services with significantly different transmission properties and requirements (e.g. numerology, HARQ timeline, reliability etc).

Based on these observations, we make the following proposals:

Proposal 1:
A single UE MAC entity can be configured to support more than one service type mapped to different transmission properties (including numerologies).

Proposal 2:
From the MAC perspective, different transmission properties (including numerology) for different services is modelled through the use of different transport channels.

Proposal 3:
The MAC entity can be configured with one HARQ entity per transport channel.  

Proposal 4:
The mapping between DRBs and transport channels can be configured by the network.

Proposal 5:
The UE should have means to identify the type of transport block and its associated transport channel. 

Proposal 6:
An instance of the LCP procedure in NR is performed separately per group of transport channels. FFS how grouping is performed e.g. if based on same transmission properties (including numerology). FFS how to handle DRBs mapped to multiple transport channels. 

4 References

[1] R1-16xxxx, “RAN1#85 Chairman’s Notes”, RAN1 Chairman.

[2] R2-16xxxx, “RAN2#95bis Chairman’s Notes”, RAN2 Chairman.
[3] R2-168592, “System Access and Support for Different Numerologies”, Interdigital Communications

[4] R2-168465, “Random Access Procedure in NR”, Interdigital Communications
[5] R1-16xxxx, “RAN1#86 Chairman’s Notes”, RAN1 Chairman.

1/1


