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1 Introduction
RAN2-95 confirmed that NR should support carrier aggregation on MAC level as well as dual connectivity on PDCP level and allow configuring them individually or in combination.
RAN1 agreed that it will be possible to run NR with different physical layer numerologies, i.e., with different sub-carrier spacing and, hence, with different symbol- and subframe duration. 

In this paper we suggest that a UE may aggregate carriers with different numerologies by means of CA i.e., within one MAC entity.
2 Discussion
2.1 Aggregation of carriers with different numerologies
RAN1 agreed that it will be possible to run NR with different physical layer numerologies, i.e., with different sub-carrier spacing and, hence, with different symbol- and subframe duration. Wider sub-carrier spacing will be particularly attractive for higher frequency bands (including e.g. the unlicensed spectrum at 5 GHz) whereas the LTE numerology may likely be used for carriers operating at lower frequency bands. Consequently, there may be situations where a UE should aggregate two or more carriers operating with different numerologies. This leads to the question whether aggregation of carriers with different numerologies can be supported by means of carrier aggregation or only by dual connectivity? 

In large parts, the LTE MAC protocol is written in a way that makes it independent of the lower layer timing and control channel structure. That means, the physical layer provides grants/assignments to MAC and in return the MAC layer provides the MAC PDUs to L1. Also the provisioning of the HARQ decoding result to lower layers is agnostic to the timing and to the control channel being used for the transmission. (e.g. mapping to PUCCH on the PCell). So MAC seems to handle well scenarios where different numerologies are used by the aggregated carriers and hence it would feasible to aggregate carriers by means of CA.
However, some attention needs to paid to the handling of DRX if aggregated carriers operate with different numerologies. The detailed solution will depend on the frame structure defined by RAN1. RAN1 may for example agree on a “reference numerology”, to which the DRX operation is tied even if some carriers operate with another numerology. This could for example be realized by maintaining the DRX OnDuration based on the PCell’s subframe timing.
Proposal 1 When discussing the DRX scheme for NR CONNECTED mode, RAN2 should take into account that a UE may be configured to operate with multiple numerologies and/or flexible TTIs durations. 

With the introduction of LTE LAA, RAN2 defined means to restrict the mapping of logical channels to carriers. The intention was to ensure mapping traffic onto a carrier that can fulfil the traffic/QoS requirements. Considering that carriers with different numerologies may be suitable for different kind of traffic (wide-subcarrier spacing ( shorter symbols ( lower latency ( but possibly larger overhead), similar restrictions should be considered here.

Proposal 2 The eNB should have means to control which logical channels the UE may map to which transport/physical channel (carriers with different numerologies and/or TTIs with variable duration).

Despite the need for discussing these details, we think that a single MAC entity could support aggregation of multiple carriers with different numerologies. The support of cross-carrier scheduling and the transmission of uplink feedback on a PCell with different numerology may have quite significant impact on mapping rules defined in RAN1. Hence, RAN1 should discuss whether this is feasible and needed.
Proposal 3 An NR UE may be configured with serving cells that operate with different physical layer numerologies. These serving cells may be associated with one MAC entity (MAC level carrier aggregation) or with different MAC entities (PDCP level dual connectivity).
Proposal 4 An NR UE configured with two carriers that have different numerologies can exchange data simultaneously on those carriers. 
If RAN2 agrees to Proposal 3, RAN2 should inform RAN1.
2.2 Different numerologies within one carrier

The discussion above was limited to scenarios where the UE operates with different numerologies on different carriers. However, RAN1 also discussed whether a single carrier may operate with multiple numerologies and whether a single UE may operate with multiple different numerologies on such carrier.

Such mode of operation breaks the orthogonality of transmissions within the carrier and it therefore requires additional means to suppress the resulting interference by filtering or windowing both on the transmitter and on the receiver side. Whether the achievable flexibility justifies the additional complexity should be determined by RAN1. We expect the impact on RAN2 to be similar to the support of different numerologies on different carriers though. Possibly, RAN2 could even model it in the same way, i.e., by configuring a UE with two serving cells with the same EARFCN and the same carrier bandwidth but with different numerologies. DRX and QoS restrictions also be handled in a similar way as described above for the scenario with different carriers.
Observation 1 Different numerologies within the same carrier could be modelled as two “serving cells” on the same carrier.

Similarly, as for carriers with different numerologies, RAN2 will need to discuss how to realize DRX and how to control the mapping of logical channels to UL grants when TTIs of different durations are supported. Even though the L1 realization is quite different, we think that RAN2 should aim for aligned solutions and we therefore propose the following.

Proposal 5 RAN2 should strive for aligned solutions for DRX and mapping of logical channels to UL grants for the cases when a MAC entity is exposed to different TTI durations (regardless of the different TTI durations are on different carriers or within a carrier).

2.3 Variable numerologies

Besides different numerologies, RAN1 discusses the possibility to introduce variable TTI durations. TTIs spanning only a few OFDM symbols would enable very low latency at the cost of higher relative signalling overhead. TTIs spanning many subframes allow extending the coverage like done for Coverage Enhancement in LTE Rel-13.
Proposal 6 NR should offer support for short TTIs spanning only a subset of the symbols of a subframe as well as long TTIs spanning many subframes. 

3 Conclusion
In this contribution we have discuss the need to aggregate carriers in NR. Based on the discussion in section 2 we propose the following:
Proposal 1
When discussing the DRX scheme for NR CONNECTED mode, RAN2 should take into account that a UE may be configured to operate with multiple numerologies and/or flexible TTIs durations.
Proposal 2
The eNB should have means to control which logical channels the UE may map to which transport/physical channel (carriers with different numerologies and/or TTIs with variable duration).
Proposal 3
An NR UE may be configured with serving cells that operate with different physical layer numerologies. These serving cells may be associated with one MAC entity (MAC level carrier aggregation) or with different MAC entities (PDCP level dual connectivity).
Proposal 4
An NR UE configured with two carriers that have different numerologies can exchange data simultaneously on those carriers.
Proposal 5
RAN2 should strive for aligned solutions for DRX and mapping of logical channels to UL grants for the cases when a MAC entity is exposed to different TTI durations (regardless of the different TTI durations are on different carriers or within a carrier).
Proposal 6
NR should offer support for short TTIs spanning only a subset of the symbols of a subframe as well as long TTIs spanning many subframes.
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