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1 Introduction

RAN#71 in March approved a NR SID [1]. One of the objectives of SID is to study mechanism to support efficient multiplexing of traffic for different services and use cases on the same contiguous bock of spectrum. In this contribution we discuss the MAC aspects of supporting multiple services concurrently.
2 Discussion
2.1 RAN1 Agreements [1]
i. OFDM numerologies: 
· For the study of NR, RAN1 assumes that multiple (but not necessarily all) OFDM numerologies can apply to the same frequency range
ii. Access Schemes:
· Non-orthogonal multiple access should be investigated for diversified NR usage scenarios and use cases

· At least for UL mMTC, autonomous/grant-free/contention based non-orthogonal multiple access should be studied
· NR supports at least synchronous/scheduling-based orthogonal multiple access for DL/UL transmission schemes, at least targeting for eMBB
· Note: Synchronous means that timing offset between UEs is within cyclic prefix by e.g. timing alignment
iii. HARQ: 
· NR should support at least asynchronous hybrid ARQ in the DL and UL to avoid fixed timing relationship between initial transmission and re-transmission
· At least the following is supported for NR frame structure 
· Following timing relationships are indicated to a UE dynamically and/or semi-statically
· Timing relationship between DL data reception and corresponding acknowledgement
· Timing relationship between UL assignment and corresponding UL data transmission
· Following timing relationship is FFS whether fixed and/or dynamically and/or semi-statically indicated
· Timing relationship between DL assignment and corresponding DL data reception
Observation 1: RAN1 is considering multiple numerologies, multiple access schemes (both orthogonal and non-orthogonal) and flexible HARQ timings ((re-)transmissions, feedback, etc) to support diversified NR usage scenarios and use cases

2.2 SA2 Agreements [2]

According to SA2 TR [2], SA2 has agreed to support network slicing and discussing detailed solution for scenarios where UE can obtain services from one or more slices concurrently. 
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Observation 2: UE can obtain multiple services using multiple network slices concurrently.
2.3 Layer 2 Aspects
In LTE UE is configured with multiple data radio bearers to support multiple services each having different QoS characteristics. Each radio bearer is associated with one PDCP entity, one or more RLC entities. PDCP and RLC configuration (i.e. functions/parameters) is provided for each radio bearer according to characteristics of packets transported over that radio bearer. Each radio bearer is also mapped to a logical channel in MAC. Logical channel configuration (priority, priortised bit rate, LCG, Logical channel SR mask, Logical channel SR prohibit timer) is also provided for each radio bearer. In order to support multiple services concurrently the concept of data radio bearers with radio bearer specific Layer 2 configuration can be reused in NR.
Observation 3: In order to support multiple services concurrently the concept of data radio bearers with radio bearer specific Layer 2 configuration can be reused in NR.

Proposal 1:    In order to support multiple services concurrently the concept of data radio bearers with radio bearer specific Layer 2 configuration should be reused in NR.
Uplink Scheduling:
In LTE UE informs the buffer status of one or more LCGs to eNB, eNB provides UL grant to UE using PDCCH and then UE schedules the logical channel(s) in the received grant based on priority and priortised bit rate. 
Observation 3: UL grant is UE specific and LCP is used to schedule logical channels in the allocated grant.

In NR physical layer configuration (e.g. numerology) and MAC layer configuration (e.g. HARQ parameters) can be specific to service characteristics. 5G NB can identify the service characteristics from the LCG reported in BSR and then schedule the UL grant for identified service characteristics. If multiple services are active in UE, then UE cannot schedule logical channels only using priority/ prioritized bit rate as in LTE. For example, if the UL grant is for eMBB then URLL packet should not be scheduled in this grant as URLL packet transmission requirement cannot be met by the MAC layer configuration (e.g. HARQ) and physical layer configuration (e.g. numerology) for eMBB. If the UL grant is for URLL then eMBB packet can be scheduled in this grant after scheduling URLL. So, some mechanism (other than priority/prioritized bit rate as used in LTE) is needed to map the UL grant to one or more logical channels.
Observation 4: Mechanism (other than priority/prioritized bit rate as used in LTE) is needed to map the UL grant to one or more logical channels.
Some examples of how this mapping can be done are as follows: 
1. Time/frequency resources can be partitioned. If UE receives NR-PDCCH in a specific partition or resources in UL grant are from a specific partition, UE determines that UL grant is for the service(s) or radio bearer(s) associated with that partition. Mapping of radio bearer to specific time/frequency resource partition or service can be signaled during radio bearer configuration.
2.  NR-PDCCH carrying UL grant can include indication about the associated service(s). Mapping of radio bearer to service can be signaled during radio bearer configuration.

3.  NR-PDCCH carrying UL grant can include information about the numerology and/or HARQ configuration used for this grant. Mapping of radio bearer to numerology and/or HARQ configuration can be signaled during radio bearer configuration.

Proposal 2:    Mechanism (other than priority/prioritized bit rate as used in LTE) is needed to map the UL grant to one or more logical channels. 
HARQ Configuration: 

In LTE HARQ parameters are UE specific. However in NR these parameters (e.g. retransmission time, feedback time, assignment to actual transmission time, etc) can be configured differently for different service. So radio bearer specific Layer 2 configuration can include configuration of HARQ parameters. One or more radio bearers can have same HARQ configuration. This is related to RAN1 decision whether different HARQ configurations for different service is supported or not. However, URLLC and eMBB have different latency requirements which will naturally results in more than one HARQ configuration.
Multiple Access Schemes:

In NR several multiple access schemes can be supported and each multiple access scheme cannot be used for all services. So if UE is using multiple services simultaneously then UE should know which access scheme to use for which service. So radio bearer specific Layer 2 configuration should include information about the multiple access schemes to used. One or more radio bearers can use same multiple access schemes.
Proposal 3:   Radio bearer specific Layer 2 configuration should include configuration of HARQ parameters and multiple access schemes.
MAC structure
In UE side, configurable MAC functions controlled by 5G NB are necessary to handle different UL scheduling, multiple numerologies and multiple access schemes according to service; however, some functions will be common (i.e. random access) or service agnostic.
Proposal 4:   MAC structure of UE should include configurable MAC functions controlled by 5G NB and common functions which are service agnostic.

3 Conclusion

Based on the above, RAN2 is requested to discuss and if possible agree on the following proposals:

Observation 1: RAN1 is considering multiple numerologies, multiple access schemes (both orthogonal and non-orthogonal) and flexible HARQ timings ((re-)transmissions, feedback, etc) to support diversified NR usage scenarios and use cases

Observation 2: UE can obtain multiple services using multiple network slices concurrently.

Observation 3: In order to support multiple services concurrently the concept of data radio bearers with radio bearer specific Layer 2 configuration can be reused in NR.

Observation 4: Mechanism (other than priority/prioritized bit rate as used in LTE) is needed to map the UL grant to one or more logical channels.
Proposal 1:    In order to support multiple services concurrently the concept of data radio bearers with radio bearer specific Layer 2 configuration should be reused in NR.

Proposal 2:    RAN2 should study mechanism (other than priority/prioritized bit rate as used in LTE) to map the UL grant to one or more logical channels. 

Proposal 3:   Radio bearer specific Layer 2 configuration should include configuration of HARQ parameters and multiple access schemes.
Proposal 4:   MAC structure of UE should include configurable MAC functions by 5G NB and common functions which are service agnostic.
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Network Slicing as defined in [3]


5.2	Network Slicing


5.2.1	Description


The figure below provides a high level illustration of the concept. A network slice is composed of a collection of logical network functions that supports the communication service requirements of particular use case(s). It shall be possible to direct terminals to selected slices in a way that fulfil operator or user needs, e.g. based on subscription or terminal type. The network slicing primarily targets a partition of the core network, but it is not excluded that RAN may need specific functionality to support multiple slices or even partitioning of resources for different network slices.


� EMBED Word.Document.12 \s ���


Figure 5.2-1: Network slices that cater for different use cases


Examples of related use cases are given below:


Self-automated car in a smart city: Bob starts his self-automated driving car that relies on V2X communication. While sitting in the car, Bob initiates a HD video streaming service through the infotainment system available in the car. In this example, the V2X communication requires a low-latency but not necessarily a high throughput, whereas, the HD video streaming requires a high throughput but is tolerate to the latency. 


Healthcare robot: A robot that is monitored by the healthcare service provider takes care of elderly people at home. The robot sends a regular report of health status and the activities interacting between the robot and the elderly people to the healthcare operator. The robot also allows the elderly people to do any Internet like services (e.g., web-surfing, hearing streaming music, watching a video) or even making a call to their doctor directly in case of emergency.
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