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1
Introduction
RAN1#89 (May) agreed that 5G NR needs to support non-standalone (NSA) NR UEs, which may not capable of transmitting two uplinks at the same time when in LTE-NR Dual Connectivity (DC) configuration i.e. NR needs to support 1Tx UEs for LTE- NR DC [1]
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
RAN1 AH#2 (June) sent a LS to RAN2, RAN3 and RAN4 outlining a solution for single UL transmission for the UE operating in LTE+NR Dual connectivity mode [2]. 
Agreements:
· Support the following solution to single UL transmission where NW synchronization between eNodeB and gNodeB is assumed (where there is at least one LTE carrier and at least one NR carrier of a different carrier frequency)
· When UE is activated with multiple UL carriers on different frequencies, time-switching of LTE UL carrier and NR UL carrier is used

· UL transmission timing pattern of LTE carrier and NR carrier is semi-statically shared between eNodeB and gNodeB 

· FFS: Signaling to UE of UL transmission timing pattern

· UE simultaneously receives signals/channels from both NR DL carrier and LTE DL carrier

· For scheduling/HARQ timing of LTE FDD carrier, the following timing can be considered, e.g., for LTE:

· DL-reference UL/DL configuration for TDD

· DL-reference UL/DL configuration defined for FDD-SCell in TDD-FDD CA with TDD-PCell

· Up to NW implementation (i.e., no RAN1 spec. impact)

· For scheduling/HARQ timing of NR carrier, no special handling would be necessary 

· Other solutions are not precluded
2
Discussion
The usage of the UL transmission timing pattern would have to assume sufficient level of synchronization as seen by the UE so that the LTE and NR uplink symbol boundaries in the UE don’t overlap, or at least the worst case overlap would be small, but as the transmit timing is a function of the receive timing and TA, there may not be a necessity to define a receive timing and transmit timing synchronization requirement for the UE and rely on the individual uplink transmit timing requirements of each RAT. The problematic band combinations were identified to be such that the UE would need to implement separate transmit chains for the LTE and NR uplinks, but due to IM products only one of the two can transmit at a given time. Thus, if transmit timing requirements need to be defined it should be possible to assume that retuning delay is not needed. RAN4 may need to consider these aspects further.
A simple solution would be for the gNB and eNB to negotiate a time-pattern defining on which uplink RAT any given TTI can be transmitted, and provide this to the UE. If an UL transmission on one RAT would fall on the TTI allocated to another RAT, then that TTI would be dropped. The uplink schedulers of eNB and gNB would need to ensure that they would only schedule data on the uplink TTIs allocated to them or else the scheduled transmission would not take place. The DL schedulers would need to ensure that the corresponding HARQ-ACK would fall on a valid UL TTI of the same RAT. The side-effect of this would be that the LTE downlink utilization for this UE type would be hindered by the uplink HARQ-ACK feedback opportunities, while the NR scheduler would need to adjust the HARQ-ACK timing to match the next UL opportunity.
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Figure 1: Example TDM pattern between LTE uplink and NR uplink
The fixed allocation approach can be taken one step further in order to be more opportunistic, and rather than forbidding the UE from transmitting on a given RAT on a set of uplink TTIs no matter what, the pattern could be used to decide which RAT to transmit if there was a need to transmit both, but if only one RAT was scheduled to transmit on a given TTI, then that transmission would always take place. This would allow for e.g. such implementations where the data is routed over NR, but there would be a guaranteed priority for LTE RRC messages when they occur, creating small break on the NR uplink that retransmissions would recover. Optimizations for the LTE HARQ-ACK transmissions to always fall on the LTE-allocated or LTE-prioritized TTIs could be further considered on top of this basic mode of operation.
The pattern duration should be a multiple of radio frames as well as multiples of LTE HARQ RTT to allow for a repeating patter optimized for LTE HARQ. Thus 40 ms pattern should be considered. The granularity of the pattern should be 1 ms to fit the LTE TTI size and allow for sufficient network configuration flexibility, and the reference for the pattern should be the LTE radio frame boundary where the SFN mod 4 = 0.
3
Conclusions

This contribution discussed the uplink operation for the single uplink only capable UEs for the LTE-NR Dual Connectivity and makes the following proposals
Proposal 1: The gNB and eNB negotiate a priority pattern defining which RAT’s transmission should take place and which drop if there is a pending simultaneous transmission need, and provide the UE with the configuration. The details of the negotiation and the related signalling is up to RAN2 and RAN3.
Proposal 2: Consider whether there is a need to define receive and transmit timing accuracy requirement for the LTE-NR DC, or if the uplink transmit timing requirement for each RAT independently is sufficient.
Proposal 3: The pattern length is 40 ms
Proposal 4: The pattern re-initializes at the start of the LTE radio frame boundary where the SFN mod 4 = 0
Proposal 5: The pattern granularity is 1 ms
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