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1. Introduction

The following objective is targeted for NR-LTE coexistence at least from RAN1 perspective based on the approved NR WID [1]

	NR-LTE co-existence mechanisms [RAN1, RAN2, RAN4];

-
Support co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier and co-existence of LTE DL and NR DL within the bandwidth of an LTE component carrier, and identify and specify at least one NR band/LTE-NR band combination for this operation.

-
Minimize impact to NR physical layer design to enable this co-existence.

-
No impact to the ability of legacy LTE devices to operate on the LTE carrier co-existing with NR

-
No implication that UE has to support simultaneous connection of NR and LTE in the bandwidth of an LTE component carrier


Based on agreements made during study phase, we discuss remaining issues to enable LTE-NR coexistence, particularly focusing on spectrum sharing or coexisting with UL part of LTE component carrier.

2. UE assumption for NR-LTE coexistence study
As agreed, for UL sharing between LTE and NR, both stand-alone and dual connectivity scenarios can be considered. However, when dual connectivity scenario is considered, it needs to be further clarified on UE behavior. The following UE behaviors can be considered when dual connectivity scenario is considered assuming F2 is the frequency spectrum shared between NR and LTE UL. 

· A UE is connected with LTE carrier (F5 DL – F6 UL) and NR carrier (F3 DL – F2 UL): a UE operates only in NR in F2 spectrum

· A UE is connected with LTE carrier (F1 DL – F2 UL) and NR carrier (F3 DL – F2 UL): a UE operates in both NR and LTE in F2 spectrum

· Case 1: A UE UL on F2 on LTE and NR are aggregated as intra (-non) contiguous carrier aggregation manner where different RF on NR and LTE may be assumed 
· Case 2: A UE UL on F2 on LTE and NR are aggregated as intra-contiguous carrier aggregation manner where the same RF on NR and LTE may be assumed

When first option is considered or second option with Case 1 is considered, uplink sharing between NR and LTE may not need to consider LTE specific designs (such as numerology and half-carrier shift, etc). However, for Case 2, it needs to be clarified whether first of all Case 2 would be supported. If Case 2 is supported, what would be the UE behavior. 

If Case 2 is supported with single RF, regardless of FDM or TDM between NR and LTE, it needs to be determined that a UE follows LTE waveform/signal generation or NR waveform/signal generation. This would require half-tone shift, utilizing 15 kHz, and SC-FDM used for NR uplink transmission. As NR carriers can be also aggregated in the same band which requires consistent UE behavior to utilize single RF and also a UE may not know the situation whether uplink spectrum is shared between LTE and NR, if this behavior is adopted, this may need to be applied generally for uplink transmission at least in LTE spectrum. 
If this is adopted, this would lead some issue in TDD spectrum if downlink signal is not half-tone shifted. Given that case 2 would require considerable changes in NR design while the case may not be dominant cases, our preference is not to focus on Case 2 at least in Phase I WI. 

Proposal 1: It is not assumed that a UE is required to handle LTE and NR waveform simultaneously either via FDM or TDM in the same LTE UL spectrum using single RF. 
Proposal 2: If the above case is assumed, uplink transmission occurs using SC-FDM, 15 kHz and half-tone shift at center frequency. 
3. Potential resource sharing methods for NR-LTE coexistence
When uplink spectrum is shared, we need to consider a mechanism to protect LTE PUCCH/PRACH/PUSCH. For non-collocated NR-LTE deployment scenario (as illustrated in [2]), backhaul signalling can be necessary for LTE base station to inform candidate PUCCH/PRACH/PUSCH resource or available resource for NR usage. For collocated NR-LTE deployment scenario, PRB-level scheduling for NR transmission to avoid LTE PUCCH/PRACH/PUSCH resource can be considered without additional signalling.
Since UCI transmission of NR can be transmitted over the last 1 symbol, it seems also necessary to protect LTE SRS. For example, to secure UCI transmission of NR without impacting LTE SRS, it can be considered for LTE base station to indicate LTE SRS configuration to NR base station, especially for non-collocated NR-LTE deployment scenario which can be avoided for NR UL transmission. One example of UCI transmission over the last symbol in NR, instead of the last symbol only, UCI can be transmitted in another symbol (e.g., second last OFDM symbol) to avoid collision with LTE SRS. In case of long PUCCH transmission of NR, the resource can be also configured not to be overlapped with potential LTE PUCCH resources. Additionally, for LTE signal/channel protection, we may need to consider timing uncertainty, unsynchronized between LTE and NR and/or different numerology between LTE and NR. This may be handled by reserving more resources for NR transmission to protect LTE transmission or reservation of resources in the middle of slot needs to be supported. 
Proposal 3: For non-collocated NR-LTE deployment scenario, backhaul signaling to secure LTE signal/channel (e.g., PUCCH/PRACH/PUSCH/SRS) can be considered.
Proposal 4: Handling of reserved resource in UL needs to be supported. Semi-static configuration of reserved resource in the middle of slot is supported. 

4. Conclusion
In this contribution, we have addressed candidate assumptions on UE’s operation for NR-LTE coexistence and discussed how to support the efficient UL transmission on the same or adjacent licensed frequency band where NR and LTE can coexist. The proposals of this contribution are summarized as follows.

Proposal 1: It is not assumed that a UE is required to handle LTE and NR waveform simultaneously either via FDM or TDM in the same LTE UL spectrum using single RF. 
Proposal 2: If the above case is assumed, uplink transmission occurs using SC-FDM, 15 kHz and half-tone shift at center frequency. 
Proposal 3: For non-collocated NR-LTE deployment scenario, backhaul signaling to secure LTE signal/channel (e.g., PUCCH/PRACH/PUSCH/SRS) can be considered.
Proposal 4: Handling of reserved resource in UL needs to be supported. Semi-static configuration of reserved resource in the middle of slot is supported. 
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