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Introduction
[bookmark: _Ref129681832]In RAN Meeting #75, a new work item (WI) on new radio (NR) access technology was approved, which should specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low-latency-communication (URLLC). One objective of the WI is as follows:
	· 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


In this contribution, the subcarrier mapping issue for LTE UL and NR UL within the bandwidth of an LTE component carrier is mainly discussed.
Discussion
This contribution focuses on the uplink resource sharing of NR and LTE on the uplink carrier of the LTE FDD system, as illustrated in Figure 1. The corresponding downlink carrier of LTE is not shared, i.e. there is no NR signal transmitted on the corresponding LTE DL carrier. The NR dedicated carrier could be used for all downlink transmission, or could include SRS transmissions for better massive MIMO performance. On the LTE UL carrier, NR UL signal can be multiplexed with LTE UL signal via both TDM and FDM.
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[bookmark: _Ref473909289]Figure 1 (a) NR DL carrier and UL shared carrier (b) NR TDD carrier and UL shared carrier
Focusing on the scenario where FDM is used to multiplex NR UL and LTE UL signals with the same subcarrier spacing (15 kHz), sub-carrier alignment between the two signals is the most straightforward and preferable solution in order to avoid inter sub-carrier interference (ICI) between NR and LTE, as shown in Figure 2.
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Figure 2 subcarrier alignments between NR and LTE for LTE-NR UL sharing

[bookmark: OLE_LINK3]Without subcarrier alignment, it may be necessary to reserve some guard band between LTE UL and NR UL signals. The same considerations apply if a NB-IoT carrier occupies part of the bandwidth. The number of guard bands needed could become large if multiple disjoint portions of the UL bandwidth are occupied by LTE signals as with eMTC UEs scheduled in a frequency hopping manner. An analysis of the impact of misaligned subcarrier boundaries is provided in section 2.2.
Subcarrier alignment
The ICI issue can be completely avoided when subcarrier alignment between NR UL and LTE UL is ensured for the case that NR UL uses 15 kHz subcarrier spacing. There are multiple ways to attain this goal, depending on how RAN4 would define the uplink EARFCN for NR:
· [bookmark: OLE_LINK1]If LTE UL and NR UL are defined with the same center frequency (UL EARFCN): a 7.5 kHz shift should be applied to the NR UL SC-FDMA baseband signal generation as in LTE UL.
· If LTE UL and NR UL are defined with different center frequencies offset by 7.5 kHz: the NR UL SC-FDMA baseband signal generation does not need to apply a 7.5 kHz shift.
Considering that in unpaired spectrum the DL and UL subcarriers of NR should preferably be aligned (e.g. in the case of the same subcarrier spacing), if NR DL and NR UL are defined with the same center frequency then both NR DL and NR UL should either apply a 7.5 kHz shift or not apply a shift. 
Based on the above principles, subcarrier mapping for NR in paired spectrum shared with LTE UL is illustrated in Figure 3, and subcarrier mapping for NR in unpaired spectrum is illustrated in Figure 4.
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Figure 3 subcarrier mapping for NR in paired spectrum shared with LTE UL
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Figure 4 subcarrier mapping for NR in unpaired spectrum
(or in paired spectrum with flexible duplexing)

Assuming that LTE UL and NR UL are defined with the same uplink center frequency (UL EARFCN) in LTE bands, the 7.5 kHz shift can be implemented in baseband for NR UL and NR DL, just as what is done today in the LTE uplink with very low baseband complexity.
Observation 1: assuming LTE UL and NR UL use the same uplink center frequency (UL EARFCN), a 7.5 kHz shift can always be applied for NR UL baseband signal generation to ensure subcarrier alignment of LTE UL and NR UL using 15 kHz subcarrier spacing. When NR DL and NR UL use the same center frequency, the 7.5 kHz shift can always be applied for both NR UL and NR DL baseband signal generation.
One could additionally consider that shifting of 7.5 kHz is configurable for NR, or make this configuration possible for certain bands. While this would be feasible at baseband and offer additional flexibility for NR, having a fixed definition of the baseband signal generation seems sufficient for ensuring alignment of NR DL with NR UL subcarriers, and for alignment of NR UL and LTE UL subcarriers.
Proposal 1: support subcarrier alignment between LTE UL and NR UL with 15 kHz subcarrier spacing. Support subcarrier alignment between NR DL and NR UL with same subcarrier spacing.
For LTE UL, DC is located on the centre between two sub-carriers. DC impacts both transmitter and receiver sides. The impact caused by Rx DC at receiver is much more severe than Tx DC at transmitter. However, more complexity can be afforded on the uplink receiver (gNB) thus the DC issue can be almost eliminated resulting in no performance degradation. This is the main reason why no explicit DC subcarrier is defined in LTE UL. Therefore, there is no critical impact on DC when subcarrier alignment between LTE UL and NR UL is achieved.
Analysis in case of subcarrier misalignment
If NR UL and LTE UL subcarriers are not aligned, ICI between LTE UL and NR UL signals cannot be avoided. Although f-OFDM can be applied to each NR UE, no receiver filter can be adopted on LTE UEs since no impact is expected to the ability of legacy LTE devices to operate on the LTE carrier co-existing with NR. In this case, the only solution to suppress ICI is to deploy guard band between the two signals.
The number of guard bands needed could become large if multiple disjoint portions of the UL bandwidth are occupied by LTE signals, such as with eMTC UEs scheduled in a frequency hopping manner, or in case of the deployment of multiple NB-IoT carriers. The overhead will therefore increase with the number of boundaries between NR UL signals and LTE UL signals within the LTE UL carrier bandwidth.
If the subcarrier is not aligned between LTE and NR, then the scheduler has to consider the guard band restriction caused by the interference. This will cause extra system implementation optimization, and the legacy scheduler used for the LTE may cause sub-optimality in the overall system performance.
Link-level simulation results are provided to compare the performance between subcarrier alignment and misalignment and assess the amount of guard band that would be required to ensure the meeting the requirements on interference caused to the adjacent PRB. From the simulation result in Figure 5, it can be seen that at least one PRB for the guard band would be needed to avoid the ICI due to subcarrier misalignment and to ensure no impact on the performance of LTE uplink throughput. According to section 6.5.2.3 in [2], the guard band will be 1 RB for QPSK and 16QAM, 2 RB for 16QAM and more than 3 RBs for 64QAM modulation if the inband emission target is matched. 
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Figure 5 inter subcarrier interference due to subcarrier misalignment

Observation 2:  Guard bands are needed for each boundary between LTE uplink signals and NR uplink signal in case LTE UL subcarriers and NR UL subcarriers are not aligned (15 kHz subcarrier spacing).

Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, the subcarrier mapping issue for LTE UL and NR UL within the bandwidth of an LTE component carrier was discussed and the proposals are given below:
Observation 1: Assuming LTE UL and NR UL use the same uplink center frequency (UL EARFCN), a 7.5 kHz shift can always be applied for NR UL baseband signal generation to ensure subcarrier alignment of LTE UL and NR UL using 15 kHz subcarrier spacing. When NR DL and NR UL use the same center frequency, the 7.5 kHz shift can always be applied for both NR UL and NR DL baseband signal generation.
Observation 2:  Guard bands are needed for each boundary between LTE uplink signals and NR uplink signal in case LTE UL subcarriers and NR UL subcarriers are not aligned (15 kHz subcarrier spacing).

Proposal: support subcarrier alignment between LTE UL and NR UL with 15 kHz subcarrier spacing. Support subcarrier alignment between NR DL and NR UL with same subcarrier spacing.
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