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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. The RAN1#89 minutes [1] state the following:
	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 in the LS R2-1707619 [2], with the following indication:
	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


 This paper in a very similar form is submitted to RAN2, too.2
Single-Tx UEs in NR-NR DC and MR-DC
The RAN1 LS indicates that an UL activity pattern should be supported for single-Tx UEs, and that this would be negotiated between the gNB and eNB. 
This means that RAN2 should decide on the following:

1) Who decides on the pattern: MN or SN?

2) How is the pattern signaled to the UE?

3) What happens to UL transmissions that are triggered on the link when it is not allowed to transmit in UL?

We think that a simple solution to these would be as follows:

1) MN always decides on the pattern (which means that the support of single-Tx has to be defined within MN capabilities, i.e. LTE in case of EN-DC).
2) The pattern needs to be signaled at least over the MN link (i.e. using MN RRC) as shown in Figure 1 below.
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Figure 1: Example UL activity pattern between LTE uplink and NR uplink
3) If an UL transmission on one RAT would fall on the TTI allocated to another RAT, then that TTI would be dropped. 
a. 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. 

b. 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.
In MR-DC and NR-NR DC, the pattern would apply to both MN and SN links, and would be negotiated over X2/Xn. Therefore, it could be signaled separately for both MN and SN configurations so that each node would only signal the pattern applicable to its own transmissions.

However, having a fixed activity pattern has the downside of creating some delay for UL transmissions for both RATs: For each RAT, the activity pattern length would determine the maximum possible delay for UL transmissions. Therefore, as an alternative to the fixed allocation approach above, rather than strictly forbidding the UE from transmitting on a given RAT outside the allowed on a set of uplink TTIs, the pattern could be used to indicate a priority to the UE: The UE would always transmit on the higher priority RAT when there was a need to transmit both, and in other cases (i.e. if only one RAT would be scheduled to transmit on a given TTI) there would be no modifications to UL operation (i.e. only one would RAT transmit at a given time). This would allow for e.g. such cases where the data is routed over NR but a priority LTE RRC message (e.g. measurement report) needs to be sent over LTE. This kind of prioritization would small break on the NR uplink that retransmissions would recover while still allowing the high-priority data to be sent over LTE.
RAN2 assumption so far has, as discussed during in RAN2 NR-AH#2, that the 2Tx operation should still be baseline for MR-DC and NR-NR DC operation. Based on the RAN1 contributions so far, it seems that the discussion is based on certain problematic band combinations, not the overall DC operations (i.e. not all cases, so UE would support except for some problematic band combinations). Therefore, it seems that some form of per band combination capability would be needed, but the exact ramifications would need to be concluded in RAN4 (e.g. to which exact band combinations the single-Tx operation could apply and to which it never would). This is depicted in Figure 2 below.
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Figure 2: Capability indications for 1Tx UEs
The above discussion clearly indicates two aspects relevant for RAN3: 

· Enabling the UL TX on a single bandwidth at a time only requires synchronization between the MeNB and the SgNB. Since it is the MeNB to identify the UE that requires such support, it should also be the MeNB to initiate the negotiations with the SgNB concerning the UL scheduling.

· However, the solution is not yet stable on the radio interface. Therefore, the details of the negotiations between the MeNB and the SgNB shall be decided in RAN3 only once the other WGs complete the main work on the solution.

3
Conclusions

In this paper, we have presented the consequences that the enabling of single UL UE will bring. So far, these consequences create impact on RAN2, but it is sure that RAN3 support will be needed to enable inter-node negotiations of the UL patterns. We consider it necessary that the information on the scheduling of such UEs is added to the X2/Xn interfaces, according to the RAN1 LS [2]. However, since the solution is not yet ready in RAN2 and RAN4, we propose to wait for the details before RAN3 makes final decisions on actual mechanism.
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