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1	Introduction
In LTE, carrier aggregation (CA) has been introduced in Release 10 with centralized scheduling. Dual connectivity (DC) has been introduced in Release 12 in order to be able to aggregate carriers with distributed scheduling and when the backhaul is non-ideal, i.e. if two eNBs with a non-ideal X2 connection are involved. In contrast to CA, DC splits the data path at PDCP layer. Therefore, in the following we will refer to CA-like solutions as lower layer aggregation and to DC-like solutions as higher layer aggregation.
For NR, higher layer aggregation will most likely be considered right from the beginning. In this contribution we discuss whether we still need separate lower layer aggregation in addition, or whether a (possibly extended) higher layer aggregation feature is sufficient. We will distinguish aggregation between the same NR numerology from aggregation between different NR numerology (i.e. 4.5GHz and 28 GHz with different TTI length, different control channel definitions, different subcarrier spacing). 
2	Discussion for same NR numerology
2.1	Performance
Obviously, higher layer aggregation (such as DC) is also applicable when the backhaul is ideal, e.g. when the aggregated cells are processed in the same eNB. In this case the X2 interface degenerates to an internal procedure which is not subject to any delay constraint. Collaboration between the cells is a vendor specific aspect and can be extremely close as long as the UE is not confused.
Hence, performance-wise there will be almost no difference between higher layer aggregation and lower layer aggregation, assuming the same backhaul scenario (ideal backhaul).
Observation 1: Higher layer aggregation (such as DC) can also be applied to ideal backhaul scenarios, and will achieve almost the same performance as lower layer aggregation (such as CA).
2.2	Number of aggregated carriers
Certainly the current DC specification is limited to 2 eNBs. Consequently, without CA in the eNBs, DC could only aggregate 2 cells/carriers. More cells/carrier would require to increase the scope of dual connectivity to multiple eNBs in NR.
While there seems to be no natural limit to just 2 eNBs, it is questionable whether the complexity of higher layer aggregation would be competitive compared with lower layer aggregation with a large number of cells (CA in LTE Release 13 supports 32 cells/carriers).
Observation 2: Without a lower layer aggregation feature (such as CA), higher-layer aggregation in NR would have to go beyond the “dual” nature of DC in LTE.
2.3	Hierarchical HetNet scenarios
A very relevant hierarchical HetNet scenario for DC is shown in Figure 1. The macro cell eNB (MeNB in the Figure 1) and the small cell eNB (SeNB in the Figure 1) is aggregated via DC, whereas the small cell eNB aggregates 2 (or more) carriers at the SeNB. We assume that such a scenario is as relevant for NR.
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Figure 1: Hierarchical HetNet scenario
Without a lower layer aggregation, the macro (assuming that it is the master) would not only split the data between the macro and the small cell eNB, the macro would also be responsible to split the data between the carriers of the small cell. Obviously this is extremely suboptimal, since the collocated ideal-backhaul nature of the 2 small cell carriers (and the detailed knowledge of channel conditions, load, etc.) cannot be exploited, e.g. load balancing effects and channel dependent scheduling.
Observation 3: Without a lower layer aggregation feature, higher-layer aggregation could not exploit ideal-backhaul benefits in the SeNB, if the SeNB is connected via non-ideal backhaul to the MeNB.
2.4	Further CA features
For the sake of completeness we would like to list further difference between CA and DC in LTE:
-	For DC, every downlink has an uplink and vice versa. CA supports asymmetric spectrum for uplink and downlink. This argument might be weaker in TDD systems.
- 	As a consequence, every carrier pair has its own PDCCH and PUCCH in DC, whereas CA supports the operation where PDCCH and PUCCH can provide information for multiple carriers. This is of particular interest when unlicensed bands should be used for data, but not for control. Furthermore, if the uplink is power limited, all power can be concentrated into a single PUCCH.
These features will also be needed in NR most likely, i.e. they have to be added to higher layer aggregation when lower layer aggregation should be considered obsolete. Whereas it seems to be possible in principle to add those features to higher layer aggregation (but most likely they would only be working with ideal backhaul), the complexity might be significantly larger compared with lower layer aggregation.
Observation 4: CA in LTE contains a number of further useful features which are probably needed in NR. It seems adding those to higher layer aggregation could be complex.
2.5	Conclusion
From the discussion above we conclude that NR requires 2 different aggregation levels as well, comparable to CA and DC.
Proposal 1: As in LTE, NR shall consider a CA-like feature in addition to a DC-like feature.
Consequently we propose to call the lower layer aggregation (CA-like) feature “NR carrier aggregation”, and the higher layer aggregation feature (DC-like) “NR dual connectivity”.
Proposal 2: We propose to call the 2 levels of aggregation NR CA and NR DC.

3	Discussion for different NR numerologies
The discussion above has inherently assumed that lower layer aggregation is possible similar to CA in LTE. However, since NR will cover massively different frequency ranges (e.g. below 6GHz, ~28GHz), it will most likely comprise different flavours which vary in their numerology (e.g. TTI length, subcarrier bandwidth, PRB size). Hence we have to assume that their MACs and PHYs do not work fully synchronously.
When looking at the current CA definition, it seems not obvious that the concept is applicable with asynchronous lower layers. For higher layer aggregation, it is less critical if the MACs and PHYs have different properties, cf. LWA. It requires extensive further studies, whether a lower layer aggregation feature can cope with different numerologies.
Proposal 3: Lower layer aggregation (such as CA) of carriers having different NR numerologies requires extensive further study.
4	Summary
Observation 1: Higher layer aggregation (such as DC) can also be applied to ideal backhaul scenarios, and will achieve almost the same performance as lower layer aggregation (such as CA).
Observation 2: Without a lower layer aggregation feature (such as CA), higher-layer aggregation in NR would have to go beyond the “dual” nature of DC in LTE.
Observation 3: Without a lower layer aggregation feature, higher-layer aggregation could not exploit ideal-backhaul benefits in the SeNB, if the SeNB is connected via non-ideal backhaul to the MeNB.
Observation 4: CA in LTE contains a number of further useful features which are probably needed in NR. It seems adding those to higher layer aggregation could be complex.
Proposal 1: As in LTE, NR shall consider a CA-like feature in addition to a DC-like feature.
Proposal 2: We propose to call the 2 levels of aggregation NR CA and NR DC.
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