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1 Introduction
At the RAN1 #89 meeting, the following 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



Further agreements were reached at RAN1 AH #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

 


Lastly, at the last RAN1 #90 meeting the following was agreed:
	Agreements:

· 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), but the UE operates on only one of the carriers at a given time among a pair of LTE and NR carriers

· For LTE carrier, UE can be configured with 

· Case 1: DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell 

· For scheduling/HARQ timing of LTE FDD carrier, DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell is applied

· UE is allowed to transmit NR UL signals at least in the subframe(s) where LTE UL transmission is not allowed according to the DL-reference UL/DL configuration

· FFS whether or not a UE-specific subframe offset for the DL-reference UL/DL configuration can be configured considering system resource utilization and potential spec impact

· Case 2: Release 15 LTE-FDD HARQ timing

· No impact on LTE RAN1 specifications

· Note: it doesn’t necessarily imply that UE has to support both cases




In this contribution, we clarify our understanding and preference in this matter. 
2 Supporting 2Tx UE and Single UL Transmission in NR
Dual connectivity between LTE and NR as used by the Option 3X NSA architecture is a key feature of NR and requires separate UL transmissions on the MCG and SCG to deliver the UCI independently to each one of them: PUCCH on SCG and MCG deliver the HARQ ACK/NACK and CSI measurements and PUSCH on SCG and MCG allow for the UL bearer to be split, respectively. In some band combinations, however, such as NR on 3.5 GHz and LTE on 2 GHz, there is a potential issue of supporting simultaneous UL on both bands due to inter-modulation distortions between these two bands—although even for these band combinations the problem only happens when the transmit power in both or one of these bands is high whereas when the transmit power in both of these bands is low then the problem is mitigated significantly and it is possible to sustain simultaneous UL transmissions on both bands. 
One potential solution is to equip UEs with a single RF chain but dual basebands as depicted in Figure 1. In order to transmit PUCCH on both F1 and F2 the RF chain toggles between the two frequencies. This solution severely impacts the peak data rate: Whereas NR allows for HARQ ACK/NACK bundling (no peak data rate impact), LTE does not allow for HARQ ACK/NACK bundling in case of FDD and therefore LTE peak data rate is significantly reduced. Moreover, since the Tx chain toggles between the two frequencies, the UL transmissions on the two frequencies (LTE and NR) cannot have different timing advance values since that would require overlapped transmissions on both frequencies which is precluded with a single Tx chain. Other inefficiencies arise from having to retune the RF chain between F1 and F2.
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Figure 1: UE is equipped with only 1 Tx chain

An alternate solution is to equip UEs with two RF chains as illustrated in Figure 2. In scenarios where there is MSD degradation due to IMD issues the network can schedule UL transmissions on LTE and NR by TDM. This can be handled by implementation. In scenarios where there is no MSD degradation, i.e., no IMD or both Tx chains operate at low power, the network can schedule UL transmissions on LTE and NR simultaneously. Hence, neither peak data rate nor timing advance is affected. Since both the Tx chains operate independently it is possible to have independent timing advance values on UL transmissions on both frequencies (LTE and NR) since overlapped transmissions on two frequencies are possible and all deployment scenarios including where LTE and NR are delivered by two different layers (e.g. LTE on macro and NR on pico) are supported. 
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Figure 2: UE is equipped with multiple Tx chains

In light of the above, the following is observed and proposed:
Observation 1: When a UE operates using dual connectivity between LTE and NR it is expected to transmit on both the UL carriers simultaneously.  
Observation 2: In certain band combinations between LTE and NR, transmitting on both carriers in the UL can lead to potential degradation in performance due to inter-modulation issues. 
Proposal 1: For LTE-NR dual connectivity the baseline operation assumes the UE to be capable of simultaneous transmissions on both UL carriers. 
Proposal 2: For certain band combinations and scenarios which result in Rx MSD issues from simultaneous transmissions on both UL carriers, the UE is expected to transmit on only 1 UL carrier at any given time. 
Proposal 3: UE indicates to the network for a given band combination if it suffers from Rx MSD issues while transmitting on both UL carriers simultaneously. 
3 Conclusion

In this contribution we discussed design options for supporting 2Tx UE and Single UL Transmission in NR. The following is proposed: 
Observation 1: When a UE operates using dual connectivity between LTE and NR it is expected to transmit on both the UL carriers simultaneously.  
Observation 2: In certain band combinations between LTE and NR, transmitting on both carriers in the UL can lead to potential degradation in performance due to inter- modulation issues. 
Proposal 1: For LTE-NR dual connectivity the baseline operation assumes the UE to be capable of simultaneous transmissions on both UL carriers. 
Proposal 2: For certain band combinations and scenarios which result in Rx MSD issues from simultaneous transmissions on both UL carriers, the UE is expected to transmit on only 1 UL carrier at any given time. 
Proposal 3: UE indicates to the network for a given band combination if it suffers from Rx MSD issues while transmitting on both UL carriers simultaneously. 
