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[bookmark: _Ref492584551]Introduction
The possibility for a UE to be configured with multiple uplink carriers on different frequencies (with at least one LTE carrier and at least one NR carrier) but with the UE only having to transmit on one carrier at a given time instant, a.k.a. single-UL transmission, has been extensively discussed during previous WG1 meetings. The target scenario is when simultaneous transmission on specific combinations of uplink carrier frequencies would, due to intermodulation, cause serious self-interference to a downlink frequency on which the UE is simultaneously to receive.
RAN1#89 made the original agreement that single-UL transmission should be supported. 
Agreement:
· 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 

RAN1 NR AH #2 then agreed that single-UL transmission should (at least) by supported by means of time switching the LTE and NR carriers according to a semi-static time pattern shared between the eNB (the logical network node scheduling transmission on the LTE uplink carrier) and the gNB (the logical network node scheduling transmission on the NR uplink carrier). 
Agreement:
· 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

Separately from the above discussed single-UL operation aimed to avoid self-interference due to intermodulation, RAN1 NR AH #3 discussed means to avoid downlink self-interference due to uplink carrier frequency harmonics in an LTE+NR dual-connectivity scenario. It was agreed (to request RAN3) to specify eNB/gNB signaling related to
· Semi-static time pattern indicating intended reception/transmission on an LTE UL carrier and an NR DL carrier on non-overlapping frequencies 
· Semi-static frequency pattern indicating intended reception/transmission on an LTE UL carrier and an NR DL carrier on non-overlapping frequencies
In the former case, the aim is to establish a semi-static pattern separating uplink and downlink in the time domain (DL/UL TDM). 
[bookmark: _Ref178064866]Discussion
Downlink self-interference due to uplink intermodulation will impact the UE receiver sensitivity. In some situations, such as high uplink transmit power in combination with weak downlink received signal strength, the impact may severe. In other situations, the impact will be less severe and its avoidance may not justify the efficiency loss that may result from a restriction to single-UL transmission. Thus, single-UL operation should be a per-UE network decision that can, for example, be based on network knowledge of the deployment scenario and the UE-specific situation. 
Proposal 1 	Single-UL operation should be a per-UE network decision
Note that if the network decides not to apply single-UL operating for a specific UE it has to accept that UE performance may be negatively impacted due to extended IMD. 

The same argument/conclusion is valid with regards to DL/UL TDM as a means to avoid self-interference due to harmonics
Proposal 2	 DL/UL TDM (to avoid self-interference due to harmonics) should be a per-UE network decision

In case of single-UL operation, time-domain separation according to as semi-static pattern is typically needed in case of non-co-sited eNB/gNB with limited possibilities for coordination. 
In other cases tighter coordination is possible, enabling more dynamic time-domain separation. 
From a UE point-of-view there should not be a difference between these cases. Rather, the UE (the LTE part and the NR part respectively) simply follows scheduling commands from each scheduling network node (eNB and gNB respectively) with no knowledge of any specific restriction of the corresponding schedulers. 
Proposal 3 	Support for the case of a UE configured with multiple uplink carriers but where the UE is assumed to only operate on one uplink carrier at a time
· does not imply that UEs are configured with a semi-static time pattern indicating time instances when NR uplink transmission can take place and time instances when NR uplink transmission will not take place
· does not imply that UEs cannot be scheduled for uplink NR transmission in an arbitrary time slot

[bookmark: _In-sequence_SDU_delivery]The same argument/conclusion is valid with regards to DL/UL TDM as a means to avoid self-interference due to harmonics.
Proposal 4 	Any network-internally concluded DL/UL TDM to handle harmonics
· does not imply that UEs are configured with a semi-static time pattern indicating when uplink and downlink transmissions can take place
· does not imply that UEs cannot be scheduled for uplink and downlink transmission in an arbitrary time slot
Proposals
Proposal 1 	Single-UL operation should be a per-UE network decision
[bookmark: _GoBack]Proposal 2	 DL/UL TDM (to avoid self-interference due to harmonics) should be a per-UE network decision
Proposal 3 	Support for the case of a UE configured with multiple uplink carriers but where the UE is assumed to only operate on one uplink carrier at a time
· does not imply that UEs are configured with a semi-static time pattern indicating time instances when NR uplink transmission can take place and time instances when NR uplink transmission will not take place
· does not imply that UEs cannot be scheduled for uplink NR transmission in an arbitrary time slot
Proposal 4 	Any network-internally concluded DL/UL TDM to handle harmonics
· does not imply that UEs are configured with a semi-static time pattern indicating when uplink and downlink transmissions can take place
· does not imply that UEs cannot be scheduled for uplink and downlink transmission in an arbitrary time slot
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