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1 Introduction
NR-LTE coexistence is a key feature of NR for efficient and timely deployment of NR in sub-6GHz frequency bands. In fact, NR-LTE coexistence is among the features that fundamentally differentiate NR from any of its predecessors. Traditionally, spectrum refarming is a lengthy and potentially costly process. Legacy UEs supporting only previous generation air interfaces slowly decrease in market penetration and new devices supporting the latest generation of the air interface evolution slowly ramp up in market penetration. It is not uncommon for a mobile network operator (MNO) to deploy three or more radio access technologies simultaneously. At the same time, spectrum—particularly at low frequencies in the Mega Hertz regime—is scarce and expensive. The gradual decrease and increase in previous and next generation devices, respectively, is in vast contrast to the pace of spectrum refarming which is instantaneous. A carrier can only be refarmed if it is decommissioned for one air interface and then deployed for a new one. NR-LTE coexistence is different in that it lets MNOs gradually refarm spectrum mirroring the penetration of new and legacy devices in the market place. Such gradual refarming can be semi-static or dynamic and can occur in time and/or frequency domain. In particular, semi-static schemes can be traffic aware thereby not only reflecting the market penetration but also the traffic load of each RAT. 
The basic building blocks for dynamic and semi-static LTE-NR coexistence in time and frequency domain have already been agreed for Release 15. In this contribution, we address some of the remaining issues for efficient NR-LTE co-existence and provide our preferences for the solutions.
2 NR-LTE uplink co-existence
In LTE, the subcarrier grid is shifted by half a tone to preserve the low PAPR nature of SC-FDMA in the presence of dc leakage. This is conceptually depicted in Figure 1. Notwithstanding, it was agreed that for the NR UL the dc subcarrier is modulated at the transmitter. If LTE and NR are configured with the same carrier frequency in the uplink, the respective waveforms will not be orthogonal as illustrated in Figure 1-Alternative 1. Hence, a significant amount of spectral efficiency is sacrificed as guard bands between the two waveforms are necessary. 

In order to regain the orthogonality, one remedy is to equally shift the NR subcarrier grid. This can be done by either rotating the signal in the time domain, or, alternatively, by shifting the signal in the frequency domain. These two alternatives are shown in Figure 1 as Alternatives 2 and 3, respectively. By aligning the subcarrier grid of LTE and NR, costly guard bands between the two waveforms can be avoided thereby providing maximum spectral efficiency. 

If the frequency shift is implemented in the time domain, the waveform is altered and this needs to be captured in the RAN1 specifications, namely, in the baseband signal generation. Moreover, rotating the signal in the time domain leaves the dc subcarrier unchanged thereby offsetting the subcarrier grid with the dc tone similar to the LTE uplink. This benefits the base station receiver as it can align its Rx dc with both the LTE Tx dc and the NR Tx dc. 

If, however, the actual carrier is shifted by half the subcarrier spacing, the base station receiver can align its Rx dc with either the LTE Tx dc or the NR Tx dc (or neither) but not both. The resulting frequency offset must be compensated for which can either happen before the FFT or after the IFFT assuming DFT-s-OFDM waveforms. 

Hence, the two alternatives are equivalent and mainly differ in how they are implemented and captured in the specifications. Specifically, a time domain rotation would be captured in RAN1 whereas a carrier shift would be captured in RAN4 and it can be left to implementation whether the Rx dc is aligned with the LTE Tx dc or NR Tx dc (or neither). The situation is similar to the NB-IoT DL (at least for inband operation) and to LTE contiguous intra-band carrier aggregation where the Tx dc and Rx dc are also not aligned and therefore we propose to specify Alternative 3. Moreover, an LS should be sent to RAN4 to take the above into account when discussing channel raster [1].
Proposal 1: Agree on subcarrier alignment between NR UL (15 kHz) and LTE UL

· NR UL raster is shifted by 7.5 kHz with respect to the LTE UL raster
· Sent an LS to RAN4 
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Figure 1: NR-LTE co-existence scenarios in the uplink
3 NR-LTE downlink co-existence
At the RAN1 #88bis meeting, NR transmissions in normal LTE DL subframes were agreed. This can be achieved by scheduling mini-slot based transmissions on OFDM symbols not carrying CRS. In our companion contribution in [2], a signaling scheme is introduced that guarantees forward-compatibility of the NR air interface. The same mechanism can be used to rate match NR transmissions around LTE reference signals. In principle, the LTE air interface is thereby treated as a future NR feature with respect to which NR Rel. 15 UEs are forward compatible. The details are provided in [2][5] and the feature can be used to increase the NR spectral efficiency in overlapping spectrum with LTE. 
Moreover, since RAN1 agreed to support NR DL transmissions in LTE DL non-MBSFN subframes, e.g., mini-slots can be scheduled on OFDM symbols not carrying CRS, it is important that this agreement is taken into account as the NR SS block and mini-slot design is being finalized. We refer to our companion contributions in [6]

 REF _Ref485306652 \r \h 
[7]

 REF _Ref485306653 \r \h 
[9] for the detailed proposals.
4 Tight interworking with LTE
Flexible sharing of resources between LTE and NR requires coordination between the LTE MCG and NR SCG. Such coordination must happen over the enhanced X2 and Xn interfaces. In particular, from the past agreements the following has to be coordinated via messaging between the NR SCG and LTE MCG over the Xn and X2-enhanced interface:
· SCell activation/deactivation/reconfiguration

· MBSFN subframe configuration

· Signaling needed for timing synchronization and SFN alignment between LTE and NR

· TDD UL/DL configuration

· Indication of semi-statically reserved resources reserved of LTE

We thus propose to send an LS to RAN3 to add the above into their specifications. 
Proposal 2: Send an LS to RAN3 that specifications of Xn interface and enhanced X2 interface shall include messages to enable coordination between LTE MCG and NR SCG of:

· SCell activation/deactivation/reconfiguration 

· MBSFN subframe configuration

· Signaling needed for timing synchronization and SFN alignment between LTE and NR

· TDD UL/DL configuration

· Indication of semi-statically reserved resources reserved of LTE

Other aspects of tight interworking between LTE and NR pertain to the NR initial access and are covered in our companion contributions [6]

 REF _Ref485306652 \r \h 
[7]

 REF _Ref485309002 \r \h 
[8].

5 Radio resource management
So far we have discussed LTE-NR coexistence in overlapping spectrum. Another important use case is LTE-NR coexistence in adjacent spectrum. For example, a given frequency band could semi-statically or even dynamically be partitioned between LTE and NR such that the two air interfaces coexist in adjacent spectrum. The bandwidth of the LTE system could thereby be dynamically adjusted using the MAC CE based SCell (de)activation feature of LTE carrier aggregation. Moreover, it was agreed that NR supports a feature allowing to “adapt the bandwidth occupied by NR carrier(s) at least as fast as LTE carrier aggregation schemes.” To make this feature really useful though, it is also necessary that the RRM and CSI-RS measurement bandwidths can be adapted, preferably independently. In our companion contribution in [3] we provide an efficient and unified framework that achieves this. LTE coexistence of NR in or adjacent to unpaired spectrum is equally already supported since RAN1 agreed to specify semi-statically configured UL/DL transmission directions in NR. The details of NR operation with semi-static TDD UL/DL transmission directions are discussed in our companion contribution in [4].
6 Conclusion

In this contribution, we discussed some of the remaining details of NR-LTE coexistence. The following is proposed:
Proposal 1: Agree on subcarrier alignment between NR UL (15 kHz) and LTE UL

· NR UL raster is shifted by 7.5 kHz with respect to the LTE UL raster
· Sent an LS to RAN4 

Proposal 2: Send an LS to RAN3 that specifications of Xn interface and enhanced X2 interface shall include messages to enable coordination between LTE MCG and NR SCG of:

· SCell activation/deactivation/reconfiguration 

· MBSFN subframe configuration

· Signaling needed for timing synchronization and SFN alignment between LTE and NR

· TDD UL/DL configuration

· Indication of semi-statically reserved resources reserved of LTE
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