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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 block of spectrum. In this contribution we discuss further details of the uplink scheduling procedure when supporting multiple numerologies/services concurrently.
2 Discussion
RAN1 agreed that NR supports different physical layer numerologies, e.g. different sub-carrier spacing, CP length, etc. in order to efficiently fulfil QoS requirements of the different services anticipated for 5G like eMBB, URLLC and mMTC. Wider sub-carrier spacing, i.e. supporting low latency services, will be particularly attractive for higher frequency bands whereas the LTE numerology may be used for carriers operating at lower frequency bands. It was already agreed that a UE can support multiple numerologies from a single cell. Further agreements w.r.t. the support of different numerologies from L2 perspective were made in RAN2#95bis meeting. 
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.

The background of those agreements is basically the uplink scheduling procedure for NR which will be discussed in further detail in the following. 
If multiple services are active in UE, then UE cannot only schedule the logical channels according to the current priority based LCP procedure. It should be ensured that if for example the uplink grant is intended for a certain numerology/service, e.g. eMBB, that logical channels which carry URLL packets are not considered for this grant since URLL QoS requirements cannot be met by the numerology used for eMBB, i.e. subcarrier spacing. Therefore it was agreed, that the eNB should have means to control the mapping between logical channels and numerologies/TTIs. Furthermore the MAC layer or to be more specific the LCP procedure needs to be aware of which numerology/TTI a received UL grant is intended for. Hence PHY should indicate to MAC when a UL grant is received to which numerology/TTI this grant applies to.
Proposal1: PHY indicates to MAC upon reception of an UL grant to which numerology/TTI this grant applies to. 

During the LCP procedure the UE shall consider the mapping between logical channels and numerologies/TTIs as configured/controlled by gNB. In our understanding it would be a straight forward implementation if each radio bearer/logical channel is configured with the supported numerologies/TTIs. It should be possible that one radio bearer/logical channel is configured with/mapped to multiple numerology/TTI schemes. For example there could be a deployment where eMBB services are using lower frequency as well as millimetre frequency (higher SCS) bands. Hence it should be possible to map a data radio bearer which carries eMBB data to the multiple numerologies/TTIs.   
Proposal2: The mapping of radio bearer/logical channel to numerology/TTI is signaled during radio bearer configuration
Proposal3: a radio bearer/ logical channel can be mapped to multiple numerologies/TTIs.
When LCP procedure is performed, the UE shall only consider those radio bearer/logical channels which are allowed to be mapped to the numerology indicated by PHY. For example if an UL grant for eMBB is received, logical channels which carry URLL packets should not be considered for this grant since URLLC QoS requirements may not be met by the numerology/TTI used for eMBB. 
Proposal4: LCP procedure shall consider only those radio bearer/logical channel which are configured to use the numerology/TTI applied for this uplink grant.  
For NR RAN1 is discussing to support different multiple access schemes. 

i. 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
Different multiple access schemes may be used to support different services. So if UE is using multiple services simultaneously then UE should know which access scheme to use for which service. Therefore similar to the numerology/TTI mapping configuration a radio bearer/logical channel configuration should also include information about the multiple access schemes to be used. The LCP procedure also needs to consider the multiple access scheme configurations of a radio bearer/logical channel when generating a TB. 
Proposal 5: Radio bearer/logical channel configuration should include configuration of multiple access schemes to be used.
3 Conclusions

This contribution discussed the uplink scheduling procedure for the case that UE supports multiple numerologies/services. It’s proposed to agree on the following:
Proposal1: PHY indicates to MAC upon reception of an UL grant to which numerology this grant applies to

Proposal2: The mapping of radio bearer/logical channel to numerology is signaled during radio bearer configuration
Proposal3: a radio bearer/ logical channel can be mapped to multiple numerologies

Proposal4: LCP procedure shall consider only those radio bearer/logical channel which are configured to use the numerology applied for this uplink grant.
Proposal 5:   Radio bearer / logical channel configuration should include configuration of multiple access schemes to be used.
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