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1. Introduction 
In the last RAN WG1 NR Ad-Hoc Meeting, the following agreements were made regarding the LTE-NR coexistence [1].

	
Agreements:
· LTE-NR co-existence should support the following UL sharing scenarios:
· Collocated LTE and NR base stations with network operating UL on frequency F1 where LTE UL and NR UL share UL subframes of LTE
· Detailed sharing on the UL is FFS 
· Note: this is not intended to have impact on legacy LTE UEs
· LTE DL on a paired frequency F3
· NR DL transmission on frequency F2 (different than LTE DL frequency)
· NR UE operates in either of the following cases based on a common NR design:
· Standalone NR: UE accesses standalone NR carrier on F2. The UE may not be connected to an LTE carrier (some UE may not even support LTE). 
· FFS whether NR UL frequency F1 is signaled in NR broadcast system information or derived from MIB/PBCH, or implicitly from NR DL frequency F2
· Dual connectivity of LTE and NR: UE accesses LTE PCell (with LTE UL on F1), then is configured by dual connectivity to also operate NR on F1 (UL) and F2 (DL).
· NR DL and UL frequencies (and/or NR band number) are signaled by RRC
· Non-collocated LTE and NR base stations is FFS



This contribution is focused on the scenario where collocated LTE/NR base stations share the same UL frequency. In particular, the discussion is made from the perspective that the incumbent LTE system should not be impacted by any means due to the UL carrier sharing with NR. 
2. Issues for UL carrier sharing between LTE and NR
2.1. Configurability of periodic transmissions
The basic premise of sharing a UL carrier between LTE and NR is that such sharing should be transparent to both LTE and NR UEs. By doing so, the UE behavior would not be impacted due to the UL carrier sharing. In the case of LTE UL, PRACH needs to be periodically configured. Also, SRS transmissions are either periodic or, even if aperiodic, the possible occasions need to be periodically configured for the rate matching of UEs transmitting PUSCH without SRS. 
Observation 1: In LTE UL, there are periodic transmissions or transmission opportunities, e.g., PRACH, SRS, which require dedicated resources. 
Likewise, there might be a need for NR to configure such periodic transmissions or transmission opportunities. Therefore, the NR design should provide enough flexibility such that UL periodic transmissions or periodic transmission opportunities can be configured while avoiding such resources that are configured by LTE.
Proposal 1: The NR UL design should provide sufficient flexibility such that potential NR UL periodic transmissions or transmission opportunities can be configured while avoiding the time/frequency resource that are periodically configured by LTE. 
2.2. UL carrier sharing via TDM vs. FDM
As illustrated in the figure below, the sharing of the UL carrier can be either via FDM, TDM, or both.
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Figure 1. LTE/NR coexistence via FDM/TDM [2]

If the UL carrier sharing is made in a TDM manner, e.g., in a subframe-level granularity, the subframes that will be used by one radio access technology (RAT) would not be shared by the other. Therefore, each scheduler’s decision within a subframe will be independent from the other. Sharing via FDM, however, may require tighter coordination/interaction between gNB and eNB to avoid scheduling conflicts. 
Observation 2: The UL carrier sharing via FDM approach would require more tight coordination between gNB and eNB to avoid scheduling conflicts. 
On the other hand, it was agreed that “NR Support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz”. Also, RAN1 is currently discussing to support the subcarrier spacing of at least 15, 30, 60, 120, 240, and 480 kHz while the need for smaller subcarrier spacing, e.g., 3.75 kHz is for further study. These agreements, when applied to UL carrier sharing between LTE and NR via FDM, imply that there could be interference between LTE and NR due to potentially different subcarrier spacing and waveforms [3]. 
Observation 3: When UL carrier is shared between LTE and NR via FDM, there could be interference between LTE and NR due to potentially different subcarrier spacing and waveforms. 
In view of multiplexing DFT-S-OFDM and CP-OFDM waveforms, the interference between different waveforms would not be a concern. From the subcarrier mapping point of view, the operation between the two waveforms are indeed not different except that the former requires DFT preprocessing. On the other hand, when different numerologies are frequency multiplexed, the subcarriers of different spacing are no longer orthogonal, which will induce inter-carrier interference. In order to decide how much guard band will be necessary, evaluation studies are needed for the possible NR subcarrier spacing options. On the other hand, the issues of multiplexing different waveforms/numerologies will naturally arise in the NR UL itself as a consequence of supporting multiple options/combinations, and such issues are not confined with the LTE-NR coexistence scenarios only. 
Proposal 2: The TDM approach is prioritized over FDM approach for UL carrier sharing between LTE and NR for Release 15. 
2.3. Duplexer and subframe alignment
[bookmark: _GoBack]NR deployments on the NR spectrums such as 3~4 GHz and 24~28 GHz are likely based on TDD. The TDD operations benefit NR UEs to not have duplexer for simultaneous Tx and Rx for UL and DL, respectively. In order to retain this benefit in the LTE/NR UL sharing scenarios, the shared NR UL provisioned on the LTE spectrum and the NR UL configured on an NR spectrum should be aligned each other. Otherwise, NR UEs should be equipped with duplexer to separate DL Rx on the NR spectrum and UL Tx on the shared LTE spectrum, and feasibility of this hybrid TDD/FDD operations is somewhat unclear. This limits the NR gNB from flexibly and adaptively using resources on the NR spectrum. Practically, the NR resource which is to be aligned with the NR UL provisioned on the LTE spectrum should be semi-statically configured as UL slots as well. Furthermore, the LTE/NR UL sharing requires that NR UEs should activate the RF paths for the both spectrums and be ready to do UL transmissions through either (or both) paths whenever scheduled.
3. Conclusions
In this contribution, various potential issues stemmed from sharing the UL carrier between LTE and NR were discussed. To this end, the following observations and proposals were derived. 
Observation 1: In LTE UL, there are periodic transmissions or transmission opportunities, e.g., PRACH, SRS, which require dedicated resources. 
Proposal 1: The NR UL design should provide sufficient flexibility such that potential NR UL periodic transmissions or transmission opportunities can be configured while avoiding the time/frequency resource that are periodically configured by LTE. 
Observation 2: The UL carrier sharing via FDM approach would require more tight coordination between gNB and eNB to avoid scheduling conflicts. 
Observation 3: When UL carrier is shared between LTE and NR via FDM, there could be interference between LTE and NR due to potentially different subcarrier spacing and waveforms. 
Proposal 2: The TDM approach is prioritized over FDM approach for UL carrier sharing between LTE and NR for Release 15. 
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