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1 Introduction
During RAN4 discussion, there were some comments raised that it was not clear whether FDM or TDM should be used between LTE and NR uplink transmissions on the shared carrier for uplink sharing from UE perspective [1]. As a result, a series of draft CRs were not endorsed in the last RAN4 meeting. Because this topic is related to multiple work groups, we would like to clarify this aspect to facilitate the progress in RAN4.
2 Discussion
In Figure 1 and Figure 2, we show the concept of TDM and FDM between LTE and NR transmissions for uplink sharing from UE perspective. 
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Figure 1: TDM between LTE and NR uplink transmission for uplink sharing from UE perspective
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Figure 2: FDM between LTE and NR uplink transmission for uplink sharing from UE perspective

TDM

By using TDM approach, either NR or LTE can use the maximum transmission power for uplink transmission on the shared carrier. According to the agreement in RAN4, ~0us or <20us switching time between LTE and NR on the shared carrier for uplink sharing from UE perspective can be achieved depending on the UE capability [2]. Thus the performance of switching can be guaranteed. 
And if the EN-DC band combination is a difficult one (where there is IMD), or if EN-DC UE cannot support the dynamic power sharing, then the LTE TDM pattern can be configured to UE and EN-DC UE can use the corresponding SUO case 1 HARQ timing (LTE TDD HARQ timing) to support EN-DC. 
In our view, the TDM approach specified for single Tx UL EN-DC can be used for uplink sharing from UE perspective. Even if UE does not support SUO case 1 HARQ timing, the semi-static TDM scheduling pattern between LTE and NR and LTE FDD HARQ timing can be used to avoid simulation uplink transmissions of LTE and NR on the shared carrier, which does not require frequent communication between LTE BS and NR BS.
Here, the TDM approach is for the TDM transmission between LTE and NR. As shown in Figure 3, for example, if the network informs UE to utilize LTE TDD UL-DL configuration 2 HARQ timing, then EN-DC UE will use subframe #2, #3, #7, and #8 on the shared carrier for LTE uplink transmissions, and use the rest of subframes/slots for NR uplink transmission. If the RRC has configured both 3.5GHz NR UL carrier and 1.8GHz NR SUL carrier for uplink transmission, network can use DCI to dynamically switch NR transmission from 1.8GHz NR SUL carrier to 3.5GHz NR UL carrier during LTE uplink subframe #4. 
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Figure 3: NR UL and NR SUL switching within the TDM pattern
FDM

If FDM approach is used between LTE and NR for uplink transmissions on the shared carrier, power back-off is expected because it is similar to LTE scenario with the multi-cluster transmissions on one carrier. According to LTE specification, there will be 3~8dB power back-off. And if considering the static power splitting between LTE and NR, e.g., 20dB maximum configured Tx power for either LTE or NR assuming UE power class 3, the power on the LTE or NR uplink trunk will decrease further. Thus the uplink performance on NR or LTE would be compromised, which will defeat one of the key purposes of using UL sharing to improve UL coverage.
Even if the schedulers between LTE and NR coordinate well and always ensure LTE and NR uplink close to each other, there seems still significant power back-off needed according to V2X specification, i.e., 2dB power back-off, because the separate DFT-s are used for two channels assuming DFT-s-OFDM waveform used. 
Besides, there would be more impact on the power control at LTE side. And combining LTE and NR signals would result in more complexity at the UE side.
Compared to FDM, TDM approach can guarantee the maximum transmission power on either LTE or NR uplink. And by using TDM approach, the specification would be simpler to avoid the complex requirements related to power back-off. And this solution is also aligned with the operator’s request [3]. Considering the tight time line for uplink sharing from UE perspective, we propose that:

· Proposal: R15 only supports TDM for LTE/NR transmission on shared carrier for UL sharing from UE perspective. 
3 Conclusions

Although the uplink sharing from UE perspective was discussed extensively, there seems to be no common understanding on whether FDM or TDM approach should be used. To speed up the discussion for uplink sharing from UE perspective, we would like reach a high level agreement in RAN to provide the guidance to working groups. 
Based on the analysis, we propose that

· Proposal: R15 only supports TDM for LTE/NR transmission on shared carrier for UL sharing from UE perspective. 
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