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1   Introduction
Last RAN2#95bis meeting made the following agreements regarding aggregation of carriers in NR [1]. 
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.

And last RAN1#86bis agreed the following way forward for NR carrier aggregation/dual connectivity [2]
Agreements
Study at least the following aspects for NR carrier aggregation / dual connectivity

· Intra-TRP and inter-TRP with ideal and non-ideal backhaul scenarios

· Number of carriers

· The need for certain channels, e.g. downlink control channel, uplink control channel or PBCH for some carriers

· Cross-carrier scheduling and joint UCI feedback, e.g. HARQ-ACK feedback

· TB mapping, i.e., per carrier or across carriers

· Carrier on/off switching mechanism

· Power control

· Different numerologies between different/same carrier(s) for a given UE
FFS: whether/if different numerologies are multiplexed on one carrier for one UE is called carrier aggregation / dual connectivity
In this contribution, we discuss specific issues of aggregation over multiple numerologies in NR, whether on multiple carriers or within a single carrier.
2   Discussion
The motivation of the numerology, specifically subcarrier spacing (SCS) and/or CP length is to provide optimized radio access for different services. Typically, URLLC services would require shorter TTI to achieve low latency targets while eMBB services would use larger TTI or even slot aggregation for high throughput. And mMTC services could require very narrow bandwidth capacity for intermittent small data. 
RAN1 has made significant progress on numerologies in one carrier during the last meetings. Typically, 
· Multiple numerologies could be time domain multiplexed (TDM) and/or frequency domain multiplexed (FDM) in a single carrier. As given in TDM structure in Fig.1, the RB grid structure applies i.e. RBs for different numerologies are located on a fixed grid relative to each other. 
· NR should support dynamic resource sharing between eMBB/URLLC in DL on the same numerology or different numerologies. 
· Regarding slot structure, as a working assumption, both slots occupying 7 or 14 symbols and mini-slots would be supported. Typically, 
· Slot aggregation is supported, and data transmission can be scheduled to span one or multiple slots.  This is particularly useful for eMBB services with large volume of data. 
· The min-slots could be used for delay-critical URLLC services by occupying smaller number of symbols
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Fig. 1 TDM multiplexing example
Based on the RAN1 progress, the following discusses the impact of numerology on higher-layers from three aspects:  MAC entity, MAC PDU, and logical channels/numerology mapping. 
2.1
MAC entity
The MAC structure in LTE CA system is given in Fig. 2 where there is one single MAC entity and the multicarrier nature of the physical layer is only exposed to this MAC entity. For the NR system, if multiple MAC entities are introduced to support different numerologies in a single carrier or on different carriers, there may have some issues as follows.
· Increased complexity. In order to ensure high resource efficiency, the interactions between different MAC entities are required for system-level scheduling. 
· Increased specification effort due to the interactions between each MAC entity and above RLC layer, as well as between each MAC entity and PHY layer.  
Observing the drawbacks above, there are no clear benefits to introduce multiple MAC entities. NR should take LTE solution also for aggregation over multiple numerologies, i.e., a single MAC entity to support aggregation of multiple numerologies, whether they are on different carriers or within a carrier. 
Proposal 1: A single MAC entity could support aggregation of multiple numerologies, whether they are on different carriers or within the same carrier.
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Fig. 2 MAC architecture in LTE
2.2
MAC PDU
In LTE, as indicated in Fig.2 one transport block (TB) is generated per TTI per serving cell in the absence of spatial multiplexing. It would be more complex to map the TB across multiple carriers simultaneously. Hence one TB would be generated per TTI per carrier, and different MAC PDUs should be generated for transmission on different carriers. With the introduction of multiple numerologies in NR, the same principle can be taken, so that one MAC PDU should be generated per TTI per numerology in a carrier, and different MAC PDUs should be constructed for different numerologies and in different carriers.
Proposal 2: Different MAC PDUs should be constructed for transmission on different carriers; and within a carrier, different MAC PDUs should be constructed for different numerologies.
2.3
Mapping between logical channel and numerology 
For DL, RAN1 agreed that the eMBB and URLLC could dynamically share the same numerology or use different numerologies. From RAN2 perspective, there is no need to define the mapping between logical channel and numerology for DL. 
Proposal 3: For DL, the mapping between logical channel and numerology could be left to gNB implementation without specification impact.
For UL, three mapping alternatives are analyzed respectively. 
· Semi-static mapping
This could be achieved by higher-layer signalling, which is similar to the design where in LTE LAA certain logical channels are allowed only over licensed carriers. This is pretty simple and the legacy LCP could be reused. And it could be easily used in scenarios where eMBB and URLLC UL resources are semi-static configured. But in case one numerology has remaining resources while not allowed to be used for other logical channels, low channel utilization would occur.
· Dynamic mapping
The mapping could be dynamically indicated in DCI in (e)PDCCH. For example, the gNB could explicit command which logical channels could be transmitted over which numerology dynamically. This clearly allows the gNB to maximize the resource efficiency. In order to do this, the finer granularity BSR should be supported. This may also require support from logical channel prioritization [3].
· Fixed/hard mapping
The mapping could also be fixed e.g. in resource isolation scenarios for multiple network slices. This could enable specialized customization and avoids one network slice affecting other slices [4]. 
Proposal 4: for UL, NR could support semi-static, dynamic and fixed mapping operation between logical channels and numerologies based on RRM policies.
3   Conclusion
By analysing the impact of multiple numerologies on higher-layer aspects, we made the following proposals:
Proposal 1: A single MAC entity could support aggregation of multiple numerologies, whether they are on different carriers or within the same carrier.
Proposal 2: Different MAC PDUs should be constructed for transmission on different carriers; and within a carrier, different MAC PDUs should be constructed for different numerologies.
Proposal 3: For DL, the mapping between logical channel and numerology could be left to gNB implementation without specification impact.
Proposal 4: for UL, NR could support semi-static, dynamic and fixed mapping operation between logical channels and numerologies based on RRM policies.
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