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1. Introduction

At the 3GPP RAN1#89 meeting, it was agreed to support a single UL transmission when UE is configured with multiple UL carriers on different frequencies for NR-LTE dual connectivity. At the 3GPP RAN1 NR Ad-hoc#2 meeting, more detailed solution was discussed and the following agreements were reached.
	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


There are still some remaining issues to be resolved, including the necessary signaling, scheduling/HARQ timing, etc. In this contribution, we provide our views on the detailed solution to a single UL transmission. Also, we discuss the remaining issues on UL sharing where NR UL and LTE UL co-exist in the carrier from UE perspective. 

2. Single UL transmission
According to the agreement at the RAN1 NR Ad-hoc #2 meeting, two issues remain unresolved, i.e., the necessity of signaling to the UE of UL transmission timing pattern and scheduling/HARQ timing of LTE FDD carrier. 
In the agreed time-switching of LTE UL carrier and NR UL carrier, LTE DL/UL signals are confined within LTE carrier while NR DL/UL signals are confined within NR carrier. For the LTE carrier, with regard to NR scheduling/HARQ timing, there are three options on the list. The first option is reusing scheduling/HARQ timing in TDD. The second one is to apply DL-reference UL/DL configuration defined for FDD-SCell in TDD-FDD CA with TDD-PCell to LTE FDD carrier so that all the LTE DL subframes can be used. The third option is to leave it up to implementation. Comparing among three options, there would be a little specification impact on the LTE for the first two options. In terms of efficient resource utilization and scheduling/HARQ timing, the second option (reuse of DL-reference UL/DL configuration defined for FDD-SCell in TDD-FDD CA with TDD-PCell) is the best. Therefore, as long as specification impact is minimized, we have a preference for the second option. If issue or non-negligible specification impact is identified, the third option (Up to NW implementation) would be our second choice. 
Regarding the necessity of signaling of UL transmission timing pattern, its motivation needs to be clearer. With this signaling, for example, if a UE wrongly detects both UL grants for NR UL and LTE UL transmissions, the UE knows which UL carrier to use. Also, UE can easily perform RF-retuning between the UL frequencies if it knows UL timing pattern in advance. If DL-reference UL/DL configuration defined for FDD-SCell in TDD-FDD CA with TDD-PCell is to be reused for scheduling/HARQ timing of LTE FDD carrier, the additional signaling may not be needed. For example, when DL-reference UL/DL configuration is configured, UE explicitly knows the timing of LTE UL transmission. Also, when its timing is not for LTE UL transmission, UE is allowed to perform NR UL transmission. In our view, if signaling of UL timing pattern really assists UE behaviour or implementation, the signaling of UL timing pattern should be supported. 
Proposal 1: For scheduling/HARQ timing of LTE FDD carrier, DL-reference UL/DL configuration defined for FDD-SCell in TDD-FDD CA with TDD-PCell is reused.
Proposal 2: UE is allowed to transmit NR UL signals in the subframe(s) where LTE UL transmission is not allowed according to the DL-reference UL/DL configuration.
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Figure 1 – Scheduling timing for time-switching of UL signals.
3. UL Sharing

At the RAN1 NR Ad-hoc #2 meeting, the following scenarios are agreed for further consideration. 
	Agreements:

· RAN1 should consider the following scenarios as listed in R1-1711817 in the future Rel-15 work especially in terms of UL coverage

· Scenario 1

· Scenario 2 where UL sharing is from network perspective

· FFS where UL sharing from UE perspective

· Aim to conclude in the next meeting; if no consensus, consider sending an LS to RANP for clarification

· Scenario 3


In scenario 2, UL sharing of NR UL and LTE UL form network perspective is considered while it is still FFS from UE perspective. Assuming that UL sharing of NR UL and LTE UL is also to be supported form UE perspective, we describe the potential solution to UL sharing. The first option is to extend the single UL transmission discussed in Sect. 2 to UL sharing. In this case, UL transmissions of LTE and NR are time-multiplexed (TDM approach) in the same carrier. If we reuse scheduling/HARQ timing in TDD or DL-reference UL/DL configuration defined for FDD-SCell in TDD-FDD CA with TDD-PCell, the specification impact can be minimized. The second approach is a FDM approach where UL carrier is (semi-) statically partitioned in the frequency domain between LTE UL carrier and NR UL carrier. In the FDM approach, as NR-LTE simultaneous transmission from the same UE occurs within a given frequency range, impact on RAN4 specifications (Tx power back-off) and UE implementations are foreseen. As a result of the additional Tx power back-off, the UL coverage may be impacted. We note that, regardless of the above approaches, some changes in MAC entities would be necessary in RAN2 specification. 
If the impact on RAN4 work is not so significant, we have a slight preference for FDM approach. Otherwise, TDM approach is to be selected.
Proposal 3: RAN1 to select one of the following solutions to UL sharing and send LS to RAN2 and RAN4

· TDM approach: NR UL and LTE UL are time-multiplexed in the same UL carrier

· UE follows the configured DL/UL timing pattern for scheduling/HARQ timing, e.g., DL-reference UL/DL configuration defined for FDD-SCell in TDD-FDD CA with TDD-PCell. 

· FDM approach: NR UL and LTE UL are (semi-) statically partitioned in frequency domain of the same UL carrier.

At the RAN1#88bis meeting, it was also agreed to specify the mechanism to support supplementary uplink carrier as follows.

	Agreements:

· Specify mechanisms for supporting supplementary Uplink frequency 
· Note: SUL herein refers to the case when there is only UL resource for a carrier from NR perspective
· Use SUL as complimentary access link (including from random access point of view) to NR TDD and to NR FDD, where the UE may select PRACH resources either in the NR TDD/FDD uplink frequency or the SUL frequency. 
· Note: The SUL frequency can be a frequency shared with LTE UL(at least for the case when NR spectrum is below 6 Ghz).
· Minimize impact to NR physical layer design to enable this co-existence

· Note: whether or not UE has to support simultaneous transmission on uplink frequencies is a separate discussion


To support supplementary UL (SUL), a new specification support would be needed. For example, UL transmit power control (TPC) should be modified since there is no DL in the SUL carrier and path-loss can’t be measured. If supplementary UL is co-located with NR carrier, specification impact can be minimized. For UL TPC, frequency-band combination dependent path-loss offset could be introduced. However, if SUL is not co-located with NR carrier, a lot of issues need to be solved. For UL TPC, the path loss measurement/compensation for UL power control would be more complicated. Also, how to configure SUL without DL measurement is not clear. Hence, we propose the following.
Proposal 4: SUL is considered to be collocated with NR carrier having DL/UL
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Figure 2 – Usage scenario for supplementary UL 

4. Conclusion
In this contribution, we presented the remaining issues on NR-LTE co-existence. For single UL transmission, we propose the following.
Proposal 1: For scheduling/HARQ timing of LTE FDD carrier, DL-reference UL/DL configuration defined for FDD-SCell in TDD-FDD CA with TDD-PCell is reused.

Proposal 2: UE is allowed to transmit NR UL signals in the subframe(s) where LTE UL transmission is not allowed according to the DL-reference UL/DL configuration.
For UL sharing from UE perspective and SUL, we made the following proposal

Proposal 3: RAN1 to select one of the following solutions to UL sharing and send LS to RAN2 and RAN4

· TDM approach: NR UL and LTE UL are time-multiplexed in the same UL carrier

· UE follows the configured DL/UL timing pattern for scheduling/HARQ timing, e.g., DL-reference UL/DL configuration defined for FDD-SCell in TDD-FDD CA with TDD-PCell. 

· FDM approach: NR UL and LTE UL are (semi-) statically partitioned in frequency domain of the same UL carrier.

Proposal 4: SUL is considered to be collocated with NR carrier having DL/UL
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