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Introduction
At the last RAN1 meeting (RAN1#89) the following aspects was agreed:
Agreements:
· For NR NSA for a UE, NR supports the case that when the UE is configured with multiple UL carriers on different frequencies (where there is at least one LTE carrier and at least one NR carrier of a different carrier frequency), the UE operates on only one of the carriers at a given time among a pair of LTE and NR carriers
· FFS whether or not there is specification impact
· If there is RAN1 specification impact, aim to minimize the specification impact for NR
· Note: this feature by itself is not intended to have any LTE RAN1 specification impact 
· Note: the other case of allowing simultaneous operation on two or more UL carriers is already agreed to be supported

This contribution is analyzing the consequences of this decisions and what can and cannot be done for UEs supporting a single TX only.
Motivation for tight RAN level inter-working
Traditionally inter-RAT mobility has been used to achieve service continuity for UEs moving in the network. There are however several drivers for supporting more efficient RAN level inter-working between LTE and NR utilizing DC:
· Access aggregation
· DC makes it possible to use both accesses simultaneously for data transmission and/or reception which can increase end user throughput as well as the resource utilization when there are unused resources in both layers at the same time.
· This may be specifically interesting in scenarios where the NR spectrum is limited, since NR DL carriers can be aggregated with LTE carriers using DC.
· Support UL/DL imbalance
· In case NR is deployed on higher frequency bands there could be scenarios where the NR UL is limited, and where the end user will get best data throughput utilizing NR in DL only and LTE UL in lower frequency using DC. In this scenario, it is still expected that the UE sends NR UL acks etc. over NR radio.
· The reasons why this scenario may be interesting is that the UE might be power limited in the UL especially for higher frequencies and may not be able to benefit from more UL spectrum. In the DL the more spectrum typically is always beneficial. 
· Efficient load balancing / traffic steering
· Utilizing DC could allow for efficient load balancing / traffic steering where the traffic can be quickly moved between the RATs to adapt to changing traffic demands, and link conditions leading to more higher system capacity and better spectrum utilization
· Improved robustness from using multiple layers
· It is likely that deployments of NR and LTE may have different coverage e.g. due to operating in different frequency bands, or due to different number of sites, or different node types (macro/pico)
· Using DC makes it is possible to quickly switch traffic to another layer e.g. if there is link problems on the first layer.
· Non stand-alone operation of NR
· Tight RAN level inter-working using DC enables NSA deployments of NR e.g. to support early deployments of NR with less than perfect coverage.


Out of these drivers we assume the following is critically important for some initial NR deployments:
· Access aggregation in case operator has limited spectrum allocated for NR it is important to aggregate NR with existing LTE spectrum in lower frequency bands to show significant improvements in end user performance
· Support UL/DL imbalance in case operator has limited NR spectrum available in lower frequency the UL can significantly be improved by utilizing LTE UL in EN-DC
[bookmark: _Toc485033044][bookmark: _Toc485133604][bookmark: _Toc485134299][bookmark: _Toc485413248][bookmark: _Toc485413269][bookmark: _Toc485413301]For initial NR deployment with limited spectrum in lower frequency bands it could be critical to support Access aggregation and UL/DL splits between LTE and NR to show improved end user performance compared to LTE only.

Analysis of Single TX EN-DC UEs
UEs which are only capable of transmitting on a single frequency/RAT at a time would be required to perform some TDM scheme when operating on EN-DC between LTE and NR transmission. The problem with this is that if the UE is receiving data at full rate on NR in the downlink it would also need to be very active on NR UL to transmit HARQ/RLC acks, CQI reports, SRS etc. It is also expected that this signalling on NR will be very dynamic making fixed or static TDM patterns between LTE and NR UL inefficient. Furthermore, it has already been agreed in RAN2 not to support an CA based scheme between NR and LTE meaning all lower layer signalling associated with one RAT in the DL need to be sent over the same RAT in the UL. 
For the reasons above it is deemed that the UL Data performance of LTE will be significantly affected if the UE at the same time receive DL data on NR and does not have dual TX capabilities. Furthermore, If the UE receives DL data on both LTE and NR there will be a quite challenge for the UE to be able to ack the corresponding data both on NR and LTE radio when it does not have dual TX capabilities. 
[bookmark: _Toc485033045][bookmark: _Toc485133605][bookmark: _Toc485134300][bookmark: _Toc485413249][bookmark: _Toc485413270][bookmark: _Toc485413302]For UEs receiving DL data on NR it is likely that the UE would need to be very active also on NR UL making the LTE performance both in DL and UL suffer. 
[bookmark: _Toc485133606][bookmark: _Toc485134301][bookmark: _Toc485413250][bookmark: _Toc485413271][bookmark: _Toc485413303][bookmark: _Toc485033046]Single TX EN-DC may not benefit from DL aggregation and UL/DL splits. 
So from this point of view single TX EN-DC UEs may not be so useful. It is however possible for these UEs to support scenarios where all the data and signalling is routed over NR UL/DL (e.g. using NR split SRB) and LTE is only used as a fall back in case there is any issue on the NR leg. Such solution could allow for efficient load balancing / traffic steering and improved robustness from using multiple layers.
[bookmark: _Toc485133607][bookmark: _Toc485033047][bookmark: _Toc485134302][bookmark: _Toc485413251][bookmark: _Toc485413272][bookmark: _Toc485413304]Single TX EN-DCs UEs are mainly useful for NR/LTE load balancing and mobility robustness (e.g. assuming one RAT is used at a time)

Proposal
Given that dual TX capabilities are very beneficial for initial EN-DC deployments allowing the operator to aggregated LTE and NR spectrum, and support UL / DL data separation e.g. for higher supporting NR deployments in higher spectrum, it is proposed that the RAN WGs work should focus on supporting these UEs in initial releases of NR. It is acknowledged that in certain band combinations it might be quite challenging to support simultaneous TX e.g. due to inter-modulation products, nevertheless it is very beneficial if dual TX is supported in as many band combinations as possible. 
Single TX EN-DC UEs may have a role in future deployments when more spectrum is available for NR e.g. to support features mobility robustness, fast load balancing. 
[bookmark: _Toc485033049][bookmark: _Toc485133608][bookmark: _Toc485134303][bookmark: _Toc485413297][bookmark: _Toc485413506]The work in RAN WGs should focus on supporting dual TX capable EN-DC UEs.
[bookmark: _Toc485133609][bookmark: _Toc485134304][bookmark: _Toc485413298][bookmark: _Toc485413507]If it is identified in RAN4 that some band combinations have issues with inter-modulation products, TDM schemes similar to IDC could be considered in RAN2. 
Conclusion
In this contribution we made the following observations:
Observation 1	For initial NR deployment with limited spectrum in lower frequency bands it could be critical to support Access aggregation and UL/DL splits between LTE and NR to show improved end user performance compared to LTE only.
Observation 2	For UEs receiving DL data on NR it is likely that the UE would need to be very active also on NR UL making the LTE performance both in DL and UL suffer.
Observation 3	Single TX EN-DC may not benefit from DL aggregation and UL/DL splits.
Observation 4	Single TX EN-DCs UEs are mainly useful for NR/LTE load balancing and mobility robustness (e.g. assuming one RAT is used at a time)

Based on the discussion we propose the following:
Proposal 1	The work in RAN WGs should focus on supporting dual TX capable EN-DC UEs.
Proposal 2	If it is identified in RAN4 that some band combinations have issues with inter-modulation products, TDM schemes similar to IDC could be considered in RAN2.
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