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1	Introduction
RAN2 has agreed to study a Dual Connectivity approach for LTE-NR aggregation. Relevant agreements regarding Dual Connectivity are captured below. 


Agreements:
1 - 	DC approach for LTE-NR aggregation will be studied (FFS whether 3c/1a-like or other user plane architecture to be used)
1a	LTE as master and NR as master will both be studied..
2-	The CA based LTE-NR aggregation will not be studied as part of the study item

Agreements:
1	LTE L2 functions are consider as a baseline for NR. Order, allocation to sublayers, possible merger of functions needs to be considered on a case by case basis.


In this document we highlight the need to design LTE-NR aggregation such that for efficient operation with only a single UL carrier is possible.

2	Discussion
2.1	LTE Dual Connectivity architecture background
LTE Dual Connectivity was designed with the following assumptions:

· Non-ideal X2 backhaul between each Base Station: 
This meant that if the UE transmits L1 control information (e.g. ACK/NACK, CQI) corresponding to eNB2 cell/carrier, but instead transmits this to eNB1, then this clearly has at least the following drawbacks:
· RTT delay, limiting the peak throughput that can be provided on eNB2
· Delay in CQI reports being received by the SeNB, meaning more averaging being necessary of the perceived downlink channel conditions at the UE, which may lead to scheduling and radio link inefficiency
· Macro cell and small cell, with Macro cell managed by Master eNB: 
This meant that degradation of uplink coverage caused by  UE transmission on 2 bands, in addition to the complexity of Dual band uplink transmission, could be seen not to be a big problem (due to big differences in power budget). UL bearer splitting changes this assumption, but then is justified by higher UL throughput.


2.2	Why we need something different for LTE+NR aggregation 
For the LTE+NR aggregation scenario, from analysis of documents submitted and treated on this topic at RAN2#94, it seems the main reasons for not considering  a “Carrier Aggregation” architecture for LTE+NR aggregation were:
1) There is a desire not to constrain the Layer 2 (including MAC) design to match with LTE (at least during the NR Study Phase).
2) When considering Dual Connectivity for 2 bands operating on the same site, analyses from previous RAN2 documents, e.g. in [1], has shown that if the Base Station can dynamically control both schedulers, then the performance is basically the same as for CA.
3) LTE and NR may be deployed at different sites which may be connected via non-ideal backhaul, and there was a desire to avoid too many options
Observation 1: None of the benefits provided for considering a Dual Connectivity architecture for LTE+NR aggregation demonstrate a benefit in the UE operating 2 uplink frequency bands towards the same Base Station site.

Furthermore, when LTE+NR are operated at the same Base Station site, then requiring simultaneous transmission by the UE on 2 uplink frequency bands would seem to:
· Cause significant additional UE RF complexity
· Likely impact on UE battery life
· Cause coverage reduction in uplink due to maximum power being shared between 2 frequency bands (NOTE: Even if UL band-switching in a TDM manner were used – this would seem undesirable because of Base Station complexity in tracking the signal).
· Resources need to be provided on 2 frequency bands, which seems to be inefficient and inflexible from an operational perspective.

Observation 2: Requiring 2 uplink bands to be simultaneously operated by the UE seems to cause issues for the UE and the user experience

Proposal: For LTE+NR aggregation in the Dual Connectivity scenario, in scenarios where LTE is the Master and in scenarios where NR is the Master, the RAN should be designed to allow for only one carrier frequency to be simultaneously operated in uplink (without requiring a carrier switching approach). The single carrier should be able to be both mapped onto the LTE carrier frequency and the NR carrier.
3 Proposal
The following is proposed for the LTE+NR Dual Connectivity scenario:
· The RAN should be designed to allow for only a single carrier frequency to be simultaneously operated in uplink (without requiring a carrier switching approach to send LTE and NR uplink control information), for the following cases:
· For co-sited scenario, and studied further for non-co-sited scenarios
· The Master function should be able to be LTE or NR (both options should be considered)
· The UL transmission from the UE should be able to map to the UL carrier corresponding to the carrier operating either NR or LTE in downlink (i.e. both mapping options should be supported)
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