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In RAN1, the following agreements were made regarding NR-LTE co-existence:
Agreements at RAN1#89:
· 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

Agreements at RAN1#89:
· 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

Agreements at RAN1 NR AH#2:

· For LTE-NR coexistence in overlapping spectrum, support on the Xn interface and enhanced X2 interface messages 
· FFS details, e.g., SCell ON/OFF, LTE MBSFN subframe configuration, synchronization aspects between LTE and NR, indication of semi-statically reserved resources in frequency domain, Indication of semi-statically reserved resources in time domain, etc.
· For LTE-NR coexistence in adjacent spectrum, support on the Xn interface and enhanced X2 interface messages 
· FFS details, e.g., synchronization aspects between LTE and NR, TDD UL/DL configuration, etc.
· FFS the case of multi-operator scenarios
· Aim to conclude the FFS parts for the above and send an LS to RAN3 in the next meeting


In this contribution, we discuss mechanisms for supporting supplementary uplink carrier frequency as well as UL resource sharing between NR and LTE. 

Discussion
Uplink Carrier Selection Procedure
Supplementary UL carrier herein refers to the case when there is only UL resource for a carrier from NR perspective (i.e. no paired DL and UL). In this case, UE cannot determine time/frequency tracking and path-loss estimation from the paired DL carrier (i.e. paired NR DL and UL) as there is path-loss difference between the paired DL carrier and supplementary UL carrier due to different subcarrier spacing, antenna dimension and large frequency offset. In order to improve this scenario, path-loss acquisition from UL signal shall be supported, and NR gNB should be able to configure the UE initial UL access in either the supplementary UL frequency or NR dedicated UL frequency. Furthermore, if NR gNB configures the initial UL carrier selection of NR UE in the Initial Access Phase, it can schedule the data and control channels considering both coverage and resource availability without incurring handover delay.
To enable gNB to configure the initial UE UL carrier selection with reduced latency, we propose that the gNB shall be able to configure/reconfigure UL carrier selection using the UL initial access procedure, without having to employ the LTE/NR handover procedure:
1. UE transmits PRACH preambles on one carrier at the start of the UL initial access procedure:
· Option 1a) Carrier to be used for PRACH is indicated by NR gNB on NR DL.
· Option 1b) Carrier to be used for PRACH is selected by UE, e.g. based on path-loss estimates, carrier priority.
2. NR gNB may request UE to initiate the RACH procedure towards another carrier, for the path-loss and timing advance acquisition. 
3. NR gNB informs UE the UL carrier selection, e.g. by including the indication of UL carrier selection in Msg4.
With the above proposed procedures, UE is able to gain UL initial access on the optimal carrier selected by gNB. It reduces the total number of messaging (including higher layer messaging due to the handover procedure) and achieves latency reduction for NR.
Proposal 1: Support gNB to configure the UE UL carrier frequency selection at the initial access phase.
Proposal 2: Support gNB to update UE UL carrier selection during RACH procedure.

Resource sharing between NR and LTE
To support supplementary uplink carrier frequency, the network may configure the UE uplink carrier on either the NR dedicated uplink frequency or the NR-LTE shared supplementary uplink frequency. 
On NR and LTE UL resource sharing, sharing the available bandwidth in FDM-based manner is a low complexity way to support LTE-NR co-existence. Given that the UE UL peak data rate might be limited by UE transmit power, allowing to divide the available bandwidth into multiple narrower bandwidth resources and allocate them alternatingly can provide frequency diversity as well as contiguous UL resource allocation in the time domain for both NR and LTE users. Indication of semi-statically reserved resources in frequency domain over the X2/Xn interface can also enable the adaptation to varying traffic demand, and ensure that there is no impact to the legacy LTE UEs. For example, new IE provides, per sub-bandwidth (or per PRB), for which value “1” indicates ‘NR reserved resource’ and value “0” indicates ‘resource with no utilization constraints’. 
Proposal 3: Support semi-statically reserved resources in frequency domain over enhanced X2/Xn interface. 

Conclusion
In this contribution, we discussed the mechanisms for supporting supplementary uplink frequency between LTE and NR, as well as aspects of resource sharing between NR and LTE, and proposed,
Proposal 1: Support gNB to configure the UE UL carrier frequency selection at the initial access phase.
Proposal 2: Support gNB to update UE UL carrier selection during RACH procedure.
Proposal 3: Support semi-statically reserved resources in frequency domain over enhanced X2/Xn interface. 
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