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1	Introduction
In RAN1 #89 [1], we agreed the following regarding the coexistence of LTE and NR:

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


Also in NR WID we agreed on the following objective for NR-LTE co-existence mechanisms: 
-	Support co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier and co-existence of LTE DL and NR DL within the bandwidth of an LTE component carrier, and identify and specify at least one NR band/LTE-NR band combination for this operation.
-	Minimize impact to NR physical layer design to enable this co-existence.
-	No impact to the ability of legacy LTE devices to operate on the LTE carrier co-existing with NR
-	No implication that UE has to support simultaneous connection of NR and LTE in the bandwidth of an LTE component carrier
The aim of this contribution is to highlight the discuss need and timing for more effective solutions for single carrier uplink operation for LTE-NR Dual Connectivity.
2	Discussion
2.1	Single UL status and performance of current proposals
The approach agreed for single UL considers the UL transmission of LTE and NR remain on independent carriers, and a TDM switching is applied in a largely static manner. In order to enable such a switching without having control channel transmission instances on LTE and NR occurring at the same time, there were 2 options considered:
1) Rely on the network to schedule LTE and NR data transfer in downlink and uplink in such a way that naturally transmissions of control and data on uplink would not be required simultaneously for NR and LTE from the same UE.
2) Modify the LTE FDD HARQ mechanism such that it reuses the LTE TDD HARQ mechanism.
Option 1 above has limitations in that LTE and NR data cannot be aggregated, which could lead to lower data rates than LTE for NR in the case where initial spectrum allocated for NR is not significant. It also seems to waste the benefit of enabling downlink reception of different RF carriers in the device.
Option 2 would require changes to deployed LTE FDD baseband equipment, and seems to be restrictive for low latency data transfer, due to slow ACK/NACK.
Furthermore in the scenario where on the NR band there are uplink coverage problems for NR PUCCH, such that NR PUCCH is transmitted on a 2nd LTE band, but NR SRS is transmitted on the NR (TDD) band, then you may end up with switching required between 3 bands in uplink, which we believe may further complicate and degrade UE performance. See figure 1 below.
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Figure 1: LTE+NR DC with uplink sharing

Observation 1: Both existing proposed options for multiband TDM operation have drawbacks, and option 2 requires changes to LTE FDD baseband equipment. When combined with UL sharing on LTE bands to improve NR coverage, device operation is further complicated.
 


2.2	More optimised solutions available
In anticipation that operations in devices for NR and LTE will become more integrated, it would make sense to standardise a more optimal solution for single uplink. We believe that the following 2 approaches should be considered for this.
2.2.1. More granular TDM 
The idea here is to time division multiplex the LTE and NR uplink in a more granular manner as to not restrict the HARQ timing and at the same time avoid large impact to LTE baseband, enabling a better overall performance. 
Mapping of both LTE and NR to the same carrier from the UE perspective would further simplify UE operation when 2 uplink carriers are not required from a user plane data transfer perspective.

2.2.2. Piggybacking NR L1/2 control channel feedback onto LTE channels (or vice versa) 
The idea here is to perform multiplexing of control information of NR onto the LTE physical layer, or the mapping of LTE control onto the NR physical layer. This would further simplify the device RF operation, but require a more integrated baseband operation between LTE and NR from network and UE side.

2.2.3	Timing of the introduction of such solutions
We believe that in order to increase the opportunities for NR deployment, without impacting negatively on existing LTE customer experience, specifying more optimal solutions for LTE+NR DC with single uplink within Release timeframe is required. As we have stated many times, this is not essential for December 2017, but we believe it should be available for June 2018 completion.

Observation 2: There are more effective solutions available for optimising overall single uplink operation for IMD-impacted LTE+NR DC scenarios, and also for simplifying the more integrated UE design if a single uplink band is enabled for transmitting both LTE and NR:
· More granular TDM
· Piggybacking NR layer 1 control info onto LTE, or vice versa

Observation 3: Standardisation of more optimal single uplink solution within Release 15, i.e. by June 2018 would speed up NR take-up globally in sub-6GHz bands without impacting existing LTE customer experience.


3 Conclusion and proposal
For single uplink operation in Release 15 we note the following observations:
Observation 1: Both existing proposed options for multiband TDM operation have drawbacks, and option 2 requires changes to LTE FDD baseband equipment. When combined with UL sharing on LTE bands to improve NR coverage, device operation is further complicated.
Observation 2: There are more effective solutions already available for optimising overall single uplink operation for IMD-impacted scenarios, and also for simplifying the more integrated UE design if a single uplink band is enabled for transmitting both LTE and NR:
· More granular TDM
· Piggybacking NR layer 1 control info onto LTE, or vice versa

Observation 3: Standardisation of more optimal single uplink solution within Release 15, i.e. by June 2018, would speed up NR take-up globally in sub-6GHz bands without impacting existing LTE customer experience.
We propose the following to be agreed by RAN plenary, and for the NR Rel-15 WID to be updated accordingly:
Proposal: Specify EITHER a) a granular TDM enabling per-subframe feedback of both LTE and NR (considering support on single band and also on different bands) OR b) a layer 1 control piggybacking solution for single uplink of LTE+NR DC by June 2018, starting from December 2017 onwards.
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