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Introduction
In this contribution some aspects of NR carrier aggregation are discussed.
Discussion
In LTE, carrier aggregation includes the possibility for
· cross-carrier and same-carrier scheduling 
· uplink control signaling on the primary carrier
· multiple timing-advance groups
· activation/deactivation of carriers
· aggregation of carrier with the same as well as different duplexing schemes
Intra-NR carrier aggregation is part of the NR work and the aspects above are relevant also for NR although NR carriers support multiple numerologies which needs to be considered. 
Cross-carrier scheduling
Cross-carrier scheduling was introduced in LTE with heterogeneous networks as an argument although it later turned out that the carrier aggregation mechanism was less useful in this scenario. Although the situation is expected to be similar in NR cross-carrier scheduling can be useful as a mean to reduce latency. For example, uplink transmissions on a TDD carrier can be scheduled from another carrier (FDD or TDD) where it is possible to send the scheduling grant in the downlink.
Cross-carrier scheduling can be realized using a similar structure as in LTE. i.e. by using a carrier index field in the DCI.
Uplink control on the primary carrier only (‘UCI on PCell’)
Uplink control on the primary carrier only allows SCells in the downlink to be deactivated. It can also be used as a tool to support low latency or improved coverage by allowing the hybrid-ARQ acknowledgement to be transmitted on another carrier (frequency band) than the downlink data.
Uplink control on the primary carrier only can be realized similarly as in LTE, i.e. by the appropriate UCI/PUCCH formats capable of carrying the required number of bits.
Multiple timing-advance groups
Multiple timing-advance groups (TAGs) was introduced in LTE as a way to support multiple uplink carriers with vastly different propagation delays, e.g. if some carriers are subject to the delay in an amplify-and-forward repeater while others are not. The situation is the same for NR and multiple TAGs are therefore equally relevant in NR as for LTE.
Multiple TAGs can be supported in a similar way as in LTE.
Activation/deactivation of carriers
Deactivation of downlink carriers is a way to reduce the UE power consumption by allowing the UE to monitor DCI only on one (or a small number of) carriers. This is an important tool for reducing the UE power consumption and should be supported in NR as well. However, the activation/deactivation time should be significantly reduced compared to LTE which may call for different signaling mechanisms than MAC control elements. 
Activation of a SCell is in many respects similar to the adaptive bandwidth adaptation in NR, where the PDSCH bandwidth can be increased with short notice by using cross-slot scheduling. A similar mechanism can be applied to SCell activation, e.g. the scheduling assignment on the PCell in the previous slot can result in a SCell being activated in the next slot.
Aggregation across duplex schemes
Carrier aggregation across different duplex schemes should be possible (and is possible in later versions of LTE) as a way to efficiently exploit the available spectrum resources. It can also, as discussed above, be used in combination with cross-carrier scheduling and UCI on PCell be used to improve coverage or reduce latency.
Carrier aggregation across duplex schemes should be supported.
Carrier aggregation across numerologies
Multiple numerologies are supported in NR, unlike LTE. A relevant question is therefore whether cross-numerology aggregation should be supported or not.  Since different frequency bands may call for different numerologies, inter-band aggregation can sometimes require aggregation of carriers with different numerologies. This relatively straight forward although some numerology combinations may call for additional care. For example, a single OFDM symbol PDCCH on a low-numerology carrier can have a duration which is in the same order as a whole slot on a high-numerology PDSCH carrier. However, this is similar to the situation of mixed numerologies on the same carrier, or different numerologies on uplink and downlink, and can be handled in a similar way (e.g. by not supporting some of the less relevant corner cases).
Hybrid-ARQ retransmissions
In LTE hybrid-ARQ retransmissions occur on the same carrier as the original transmission. Although moving retransmissions across component carriers could be considered from a principal perspective the gains are questionable and it may also impact the possibilities for parallelization where each carrier is processed independently of the other carriers. It is therefore suggested to restrict hybrid-ARQ retransmissions to the same carrier as the original hybrid-ARQ transmission.
Conclusion
Carrier aggregation in NR can to a large extent follow the same principles as used in LTE. In addition, aggregation of carriers with different numerologies should be supported.
· Self-scheduling and cross-carrier scheduling is supported
· Uplink control relating to downlink carrier n can be transmitted the associated carrier as well as on the PCell
· Multiple timing-advance groups are supported as in LTE
· An SCell may be activated/deactivated but on a much faster time scale than in LTE
· Carrier aggregation across duplexing schemes is supported
· Carrier aggregation across numerologies is supported
· Hybrid-ARQ retransmissions occur on the same component carrier as the initial hybrid ARQ transmission

