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1. Introduction

In the NSA mode UE needs to have LTE-NR dual connectivity operation and UE may be configured with multiple LTE/NR UL carriers on different frequencies. For some band combinations concurrent UL transmissions of LTE and NR on different carriers may cause UE receiver sensitivity degradation due to intermodulation products. In order to solve the problem the support of TDM of LTE/NR uplink transmissions (aka “Single UL transmission”) was introduced by the RAN1 WG.

In this paper we provide an overview of the recent RAN1 discussions and agreements on enabling single UL transmission mode for NSA operation and also share our views on the possible impacts on the DL/UL performance due to single UL operation. 
2. Discussion
In case of NSA operation UE may be configured with multiple LTE/NR UL carriers on different frequencies. By default NR design assumed that UE should be capable to support simultaneous operation on two or more UL carriers. However, for certain band combinations concurrent UL signals transmissions on different LTE and NR carriers may cause UE DL receiver sensitivity degradation (i.e. high MSD). 
2.1 LTE/NR UL TDM design overview
2.1.1 LTE/NR UL TDM support
In order to avoid DL performance degradation additional support of TDM of LTE/NR uplink transmissions (“Single UL transmission”) was introduced. In particular in RAN1 #89 (May’17) it was decided that:
	· 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


To support TDM of UL transmissions it was decided to use network controlled semi-static subframe resource sharing between LTE and NR under assumption that eNB/gNB are synchronized:
	· 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


The high-level concept of UL resource partitioning is rather straightforward and is illustrated in Figure 1.
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Figure 1. TDM of LTE/NR UL transmissions
Observation #1: RAN1 design supports TDM of LTE/NR UL transmissions for NSA mode. The design is based on semi-static subframe resource sharing between LTE and NR controlled by the eNB/gNB
2.1.2 DL HARQ operation
The concept of TDM of LTE/NR transmissions is applicable for UL only. In case different carriers are configured for LTE/NR operation, it is assumed that UE will support simultaneous DL reception from the NR and LTE carriers. In the latter case, semi-static TMD of UL resources may potentially have impact on the DL HARQ operation since not all resources will be available in UL for the ACK/NACK transmissions.
NR DL HARQ

For the NR DL operation it is anticipated that the physical layer design will have a very flexible ACK/NACK timing design (e.g. particular resources for ACK/NACK transmissions in UL may be dynamically configured using DCI) and hence no specific solution was considered in RAN1.
Observation #2:
NR supports flexible DL HARQ ACK/NACK timing configuration which allows avoiding impacts on DL performance from LTE/NR UL TDM. 

LTE DL HARQ

For the LTE operation a specific HARQ mechanism to ensure no impact on DL performance was introduced. The following agreements on the LTE DL HARQ operation were made:

	RAN1 NR-AH2 (June’17)
· 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)

· 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 

RAN1 90 (Aug’17)
· 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


Therefore, two possible solutions were introduced by RAN1 (a good overview of possible options is provided in [2]):
· Case 1: DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell 

· This solution is based on the existing LTE TDD-FDD CA HARQ timing framework. In particular, it is assumed that eNB the HARQ timing will be based on configured DL-reference UL/DL configuration. For this solution all DL subframes will be available for scheduling and hence no impact on DL performance is expected.
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· Case 2: Release 15 LTE-FDD HARQ timing

· In this case the DL scheduling is left up to eNB implementation and it is assumed that eNB will schedule DL transmissions in a way to ensure that ACK/NAKC transmission will happen in active LTE UL subframes
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Observation #3:
A new solution to resolve the LTE DL HARQ ACK/NACK timing issues for LTE/NR UL TDM was introduced which allows avoiding impacts on the LTE DL throughput performance
2.2 Impact on performance
In the previous meeting several concerns on LTE/NR UL TDM impact of on the UE DL and UL performance were mentioned which requires further analysis.
2.2.1 DL performance

In case the LTE/NR UL TDM is not supported certain DL performance degradation may be expected due to high MSD. The particular issue may happen for certain band combinations and the effect is very much device specific. Hence, in case the LTE/NR UL TDM is not enabled a substantial DL coverage and throughput performance loss may happen in case LTE/NR UL transmissions happen simultaneously.

In case the LTE/NR UL TDM is the DL performance degradation due to MSD can be avoided. Also, in accordance to the RAN1 design assumptions no impact on NR DL performance is expected as the DL ACK/NACK timing may be adjusted to avoid the overlap with LTE UL subframes. For LTE operation a new solution to resolve the HARQ timing issue was introduced and similarly for Case 1 solution all DL subframes may be available for scheduling and no DL throughput loss can be foreseen. 

Observation #4:
Support of NR/LTE UL TDM allows avoiding DL coverage and throughput loss for certain band combinations which may be caused by high MSD due to simultaneous NR/LTE UL operation.
2.2.2 UL performance

There are several factors related to UL performance which should be addressed in application to LTE/NR UL TDM.

· UL Coverage:

· UL coverage depends on the UE maximum TX power. The maximum coverage can be achieved for narrowband localized UL transmissions conducted with the maximum TX power. So, in order to achieve peak coverage UE is not supposed to have simultaneous transmissions on 2 carriers which would limit the available power budget. Therefore, TDM of UL carriers is not expected to have impact on the UL coverage performance.

· UL throughput

· Cell-edge UEs: Typically, under cell-edge conditions UEs operate in the power-limited mode. Hence, similar to UL coverage case described above, it is likely that simultaneous LTE/NR UL operation will not be used for cell edge UEs due to power constraints at the UE side. Hence, TDM operation is not expected to cause any impacts on cell-edge throughput performance.
· Cell-center UEs: Due to TDM operation in UL certain impact on UL throughput for cell center UEs (and for UL peak throughput) can be expected. However, we want to note that the NR UL BW is expected to be much larger than the LTE UL CBW (e.g. LTE has up to 20 MHz BW and NR has up to 100 MHz). Hence, UL throughput performance will be driven mainly by the available NR UL CBW. The exact throughput would depend on the proportion of available LTE/NR subframes in case of using TDM mode. For the “Case 1” DL HARQ solution it is possible to achieve up 90% / 10% ratio of NR/LTE UL subframes (time resources). Hence, a relatively limited impact on the UL performance is expected.
Observation #5:
Support of NR/LTE UL TDM does not have impact on the UL coverage performance and cell-edge UE UL throughput performance. Relatively limited impact on cell-center UEs UL throughput can be expected.
3. Conclusions

In this contribution we provided overview of the recent RAN1 discussions and agreements on enabling single UL transmission mode for NSA operation and also share our views on the possible impacts on the DL/UL performance due to single UL operation. In summary, we make the following observations:
Observation #1: RAN1 design supports TDM of LTE/NR UL transmissions for NSA mode. The design is based on semi-static subframe resource sharing between LTE and NR controlled by the eNB/gNB
Observation #2:
NR supports flexible DL HARQ ACK/NACK timing configuration which allows avoiding impacts on DL performance from LTE/NR UL TDM. 

Observation #3:
A new solution to resolve the LTE DL HARQ ACK/NACK timing issues for LTE/NR UL TDM was introduced which allows avoiding impacts on the LTE DL throughput performance
Observation #4:
Support of NR/LTE UL TDM allows avoiding DL coverage and throughput loss for certain band combinations which may be caused by high MSD due to simultaneous NR/LTE UL operation.
Observation #5:
Support of NR/LTE UL TDM does not have impact on the UL coverage performance and cell-edge UE UL throughput performance. Relatively limited impact on cell-center UEs UL throughput can be expected.
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Annex A - RAN1 Agreements on Single UL transmission

RAN1 #89 (May’17)

	· 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 NR-AH2 (June’17)

	· 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

· Send an LS to RAN2, RAN3, and RAN4 – Kazuaki (DCM), which is drafted and endorsed in R1-1711877. Final LS approved in R1-1711878. 


RAN1 #90 (Aug’17)

	· 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
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