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1. Introduction
In the agreed NR WID, the following scopes are captured [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



At the RAN1#88bis meeting, the following conclusions were made and email discussion is continued
	Conclusion:
· For LTE-NR coexistence in UL, several alternatives were proposed and discussed, and there is no common understanding of the corresponding performance impact. RAN1 to continue the discussion on possible alternative(s) to conclude on the performance impact via evaluation, RAN1 specification impact, analysis of potential impact on other NR features, etc.



In this contribution, we present our view regarding LTE-NR co-existence.
2. UL frequency sharing for collocated LTE and NR
Co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier is within the scope. However, in our understanding, such co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier is supported from network perspective. Generally, support for co-existence from the UE perspective has huge impact on both LTE and NR specifications. For instance, mixing L1 signals belonging to different MAC entities of different RATs into single RAT uplink channel would require significant efforts on various working groups. Considering that LTE-NR dual connectivity terminal will appear from the first commercial services, optimization for multiplexing of LTE and NR signals on a single channel should be avoided.
The following options for UL frequency sharing for collocated LTE and NR can be considered.
Option 1: FDM between LTE and NR within the bandwidth of an LTE UL component carrier
Option 2: TDM between LTE and NR within the bandwidth of an LTE UL component carrier
In option 1, as long as each UE transmits LTE or NR only, the mechanism can be identical to the case where a single frequency is dedicated to LTE or NR. From network perspective, if UL resources are well partitioned between NR UE and LTE UE, co-existence of LTE UL and NR UL would not be challenging within the bandwidth of an LTE component carrier. We note that there may be an issue on half-subcarrier shifting and we will discuss it later. On the other hand, as described above, for a given UE, if LTE-NR simultaneous uplink transmission is required, the impact on both specification and implementation would be significant. More specifically, LTE-NR simultaneous uplink transmission within a given frequency range would significantly impact on RAN4 specifications and UE implementations, which should be avoided in Rel-15. 
Option 2 would not be much difficult at least from RAN1 specification point of view. NR will support flexible scheduling/HARQ-feedback timings as was agreed in RAN1 AH meeting. Therefore, even if the co-existing carrier is LTE-TDD, NR will be able to align UL-DL direction with the LTE carrier. However depending on how much uplink resources are taken by NR transmissions, available DL/UL throughput of LTE is reduced since scheduling/HARQ-feedback timings of LTE are fixed.
Proposal 1: LTE and NR uplink signals/channels are not mixed into one channel/signal.
Proposal 2: Co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier is enabled from network perspective. Co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier from UE perspective is not considered in Rel-15.

For the NR-LTE co-existence in UL, at the last RAN1 meeting, in [2], the following alternatives were discussed
· Alt 1: Do nothing to allow subcarrier alignment between NR UL (15 kHz) and LTE UL
· Allow subcarrier alignment between NR UL (15 kHz) and LTE UL
· Alt 2: 7.5 kHz shift at baseband
· Alt 3: NR UL raster with a 7.5 kHz shift to the LTE UL raster
Considering the current targeting scenario discussed in RAN1 and RAN4, FDD bands are mainly targeted. At least for TDD band, Alt. 1 (Do nothing) is preferred in order to keep subcarrier alignment between NR DL and NR UL (considering the potential of dynamic TDD). For FDD band, impact of Alt. 1, i.e., subcarrier boundary is not aligned between LTE and NR, should be considered. The first issue will be performance degradation. To avoid such degradation, GB will be needed between LTE and NR UL transmissions. NR uplink and LTE uplink would still coexist with a small amount of guard-band of several subcarriers, which will be studied throughout email discussion. Another potential issue would be that single FFT can’t be used to demodulate both LTE and NR UL signals simultaneously. However, this is dependent on gNB implementation and in any case some implementation updates will be needed to newly support NR functionalities. 
Proposal 3: Advantages and disadvantages of not aligning subcarrier spacings between LTE uplink and NR uplink should be carefully investigated.
If the significant issue has been identified in Alt. 1, subcarrier alignment between NR uplink and LTE uplink, i.e., Alt. 2 and 3, can be considered. The main difference between Alt. 2 and 3 is where to consider half subcarrier shifting or which specification to take care of it, in RAN1 spec. or RAN4 spec. In that sense, Alt. 3 will be simpler in terms of specification and UE implementation. Another thing is that the impact of the DC leakage on the UL demodulation performance as [2] implies that there is performance impact of half subcarrier shifting on UL DC leakage. However, Alt. 2 is the same as that for the current LTE uplink while Alt. 3 has been assumed for NR uplink. We note that there is the following outcome in TR38.802 related to handling of UL DC for NR. We are not certain if there are any further considerations on this point when NR-LTE coexistence in the uplink is considered. Considering the specification impact, we have slight preference for Alt. 3 if Alt. 2 or Alt. 3 is needed. 

	-	For the uplink, transmitted DC subcarrier at the transmitter (UE) side is modulated i.e., data is neither rate-matched nor punctured.
-	Signal quality requirement (e.g., EVM) corresponding to DC subcarriers is up to RAN4.
-	For the uplink, the transmitter DC subcarrier at the transmitter (UE) side should avoid collisions at least with DMRS if possible. 
-	For the uplink the specification should define at least one particular subcarrier as the candidate position of DC subcarrier, e.g., DC subcarrier is located at the boundary of PRBs
-	For the uplink, means for the receiver to determine DC subcarrier location should be specified.
-	This involves semi-static signalling from UE and also standard specified DC subcarrier location.



Proposal 4: If subcarrier alignment between NR uplink and LTE uplink is necessary, NR UL raster with a 7.5 kHz shift to the LTE UL raster is preferred.

3. Conclusion
In this contribution, we presented our views on LTE-NR co-existence. General principles and uplink aspects are addressed. Our proposals are summarized as following:
Proposal 1: LTE and NR uplink signals/channels are not mixed into one channel/signal.
Proposal 2: Co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier is enabled from network perspective. Co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier from UE perspective is not considered in Rel-15.
Proposal 3: Advantages and disadvantages of not aligning subcarrier spacings between LTE uplink and NR uplink should be carefully investigated.
Proposal 4: If subcarrier alignment between NR uplink and LTE uplink is necessary, NR UL raster with a 7.5 kHz shift to the LTE UL raster is preferred.
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