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1	Introduction
The new NR will support multiple numerologies to take into account the specifics of different frequency bands. In this document we discuss to what extent lower layer aggregation (such as carrier aggregation in LTE) can be used to aggregate multiple carriers with different air interface numerologies.
2	Discussion
2.1	Review of Carrier Aggregation in LTE
LTE Rel-10 has specified carrier aggregation where multiple carriers can be aggregated in the ideal backhaul case, i.e. practically in case the corresponding cells are served by the same eNB. The figures below are excerpts from 36.300 and show the Layer 2 structure of LTE carrier aggregation in downlink and uplink.
At the last meeting it was agreed that NR shall study a lower layer aggregation feature similar to CA in LTE. We think that this feature should use the same Layer 2 structure as LTE.
Proposal 1: Lower Layer aggregation should use the CA specifications of LTE as a baseline.
We will assume this Layer 2 structure for the following NR considerations.


Figure 1: Downlink layer 2 structure of LTE CA.


Figure 2: Uplink layer 2 structure of LTE CA.
We would like to emphasize the following observations:
-	There is a single RLC / ARQ instance for all carriers (but one per bearer), i.e. the aggregated component carriers have a common RLC (and certainly a common PDCP)
-	Each aggregated component carrier has its own HARQ instance.
-	The only common MAC part is the scheduling / priority handling (and certainly the multiplexing which can be seen as part of the scheduling). 
2.2	Different air interface numerologies in NR
Although LTE also supports special numerologies for e.g. eMBMS, LTE CA only supports aggregation of carriers of same numerology. The NR air interface is likely to support multiple numerologies in order to adapt to the specifics of massively different frequencies [1]. In particular the TTI length might be different.
2.3	Relevance of carrier aggregation across different numerologies
Before discussing the feasibility of aggregating carriers across different numerologies, i.e. different frequency ranges, we should review the relevance. The figures below illustrate the deployment scenarios for LTE CA, taken from 36.300.


                          
                   Figure 3: Scenario 1.                                                                                 Figure 4: Scenario 2.




                   Figure 5: Scenario 3.                                                                               Figure 6: Scenario 4.



                   Figure 6: Scenario 5.
We observe that at least some of those scenarios could be relevant when F1 and F2 are different NR carrier frequencies with different numerologies. Examples:
-	In scenario 1 or 2, F1 (blue) could be Manhattan-like NR cells below 6GHz with extremely small ISD, whereas F2 (red) are co-sited 28GHz NR cells.
-	In scenario 4, F1 (blue) could be NR macros below 6GHz, whereas F2 could be 28GHz remote radio heads.
Observation 1: Carrier aggregation across different numerologies is relevant in NR.
2.4	Feasibility of carrier aggregation across different numerologies
The most CA-critical difference between the different numerologies will be the TTI length. However, looking again at figure 1, we observe that the HARQ and the subsequent parts are separate and independent. The common parts are the RLC and the scheduling/priority handling.
Observation 2: In LTE, HARQ instances are already independent per carrier, the common parts are RLC and scheduling/priority handling.
Whereas the original LTE design featured a tight coupling between MAC and RLC which forces the RLC to work in the TTI cycle (cf. 36.321, “segment and/or concatenate the RLC SDUs so that the AMD PDUs fit within the total size of RLC PDU(s) indicated by lower layer at the particular transmission opportunity notified by lower layer.”), the recent NR discussion tends to relax those RLC requirements to enable the implementation of (at least parts of) the RLC in a CU [2]. As a consequence, the RLC will be more independent of the numerology-details, and a single RLC instance is able to serve multiple HARQ instances even if different numerologies are involved.
Observation 3: At least the upper part of the NR RLC will be more independent from the numerology than in LTE.
Implementation of scheduling and priority handling is vendor-specific, also for aggregated carriers, transparent for the UEs and not further specified. It can be implemented to be insensitive from different numerologies (such as different TTI lengths).
We do not see any reasons why different numerologies (e.g. different TTI lengths) should cause a relevant problem.
Observation 4: Implementation of Scheduling/Priority Handling is vendor-specific, transparent for the UE and insensitive to the exact air interface numerology.
2.6	Proposal
Based on the observations above, we propose that RAN2 studies carrier aggregation across different numerologies.
Proposal 2: RAN2 shall study carrier aggregation across different numerologies
3	Conclusion
[bookmark: _GoBack]This contributions has made several observations and proposals:
Proposal 1: Lower Layer aggregation should use the CA specification in LTE as baseline.
Observation 1: Carrier aggregation across different numerologies is relevant in NR.
Observation 2: In LTE, HARQ instances are already independent per carrier, the common parts are RLC and scheduling/priority handling.
Observation 3: At least the upper part of the NR RLC will be more independent from the numerology than in LTE.
Observation 4: Implementation of Scheduling/Priority Handling is vendor-specific, transparent for the UE and insensitive to the exact air interface numerology.
Proposal 2: RAN2 shall study carrier aggregation across different numerologies
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