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1 Introduction

Coexistence with legacy RATs is an important requirement of the new air interface and of utmost importance to operators who need to flexibly tailor their spectrum resources to varying degrees of market penetration of legacy and emerging RATs in their networks. The maturity of LTE, now in its seventh release, complicates the matter as different generations of customer equipment allow for different coexistence techniques between LTE and NR. In other words, NR should provide a toolbox that allows operators to efficiently deploy both LTE and NR in their networks, where at least some solutions are applicable to UEs of all LTE releases, whereas solutions only applicable to some UEs are not precluded to allow for further optimizations as the UE population in the network changes from mostly early LTE releases, to LTE Advanced and even LTE Advanced Pro UEs. Ultimately, however, LTE networks are expected to be decommissioned and the NR will take its place as can currently be observed with second generation networks in some geographies. Hence, NR should provide a path towards that goal where resources can slowly be shifted from LTE to NR over time. In addition to solutions that work with LTE Rel. 8 UEs, more flexible solutions may require techniques not introduced into LTE specifications until Rel. 10 (CA), Rel. 12 (small cell on/off) or even Rel. 14 (FeMBMS). Before discussing all these aspects, however, the following provides a summary of the agreements RAN1 reached at its last meeting in Lisbon, Portugal towards the goal of efficient LTE and NR coexistence. 
	Agreements:
· To support the efficient coexistence between NR and LTE operating in the same licensed frequency band,

· At least legacy LTE features should be considered in the NR study, e.g.:

· MBSFN configuration (for LTE Rel-8 and beyond)

· TDD UL subframe (for LTE Rel-8 and beyond)

· SCell activation/deactivation (for LTE Rel-10 and beyond)

· TDD UL subframe configured by eIMTA feature (for LTE Rel-12 and beyond)

· NR should study the following candidate mechanisms for coexistence:

· Resource indication (e.g., blank resources, available resources, etc.) of time/frequency resources

· Reconfiguring channel bandwidth/carriers monitored by UEs

· Any other mechanisms are not precluded.

· For non co-located LTE/NR case, backhaul signaling between LTE and NR can be studied to mitigate inter-cell interference.

· FFS on which information can be conveyed on the backhaul signaling

· Over-the-air listening at the gNB can also be considered

· Note: Dynamic switch between NR and LTE can be studied from the perspective of network for co-located LTE/NR case.



2 Efficient coexistence of NR with LTE
Several deployment scenarios can be envisioned in which LTE and NR networks need to coexist. LTE and NR base stations could operate on separate spectrum and the coexistence between NR and LTE radios would be no different than in existing networks where multiple RATs (e.g., GSM, UMTS, LTE) also coexist. In particular, it would not matter if RATs were operated by different operators or if the transceivers of the various RATs would be collocated assuming the separate spectrum blocks for the different RATs are sufficiently protected by guard intervals. Such guard intervals, however, may be very costly and inefficient, especially in unpaired spectrum where uplink and downlink are time-division multiplexed and guards would have to be provisioned that isolate each RAT from cross-link interference stemming from other RATs with uncoordinated UL/DL switching intervals. Hence, it is more insightful to consider frequency-division multiplexing of RATs with NR when no such guards or guards with insufficient separation and protection are assumed. In this case, NR and LTE could be deployed within the same NR/LTE carrier or on separate carriers with no or limited guard bands in between. The former may not be possible or feasible if the LTE and NR networks belong to separate operators but for the second case, the two networks may not belong to the same mobile network operator (MNO). In case they do belong to the same MNO, it is important to distinguish whether the eNBs/gNBs controlling the LTE and NR networks are collocated or not, or more precisely, if coordination among them can be assumed and if so, on which time scale such coordination can occur (e.g., ideal versus non-ideal backhaul between the LTE and NR eNBs/gNBs.)

If no coordination can be assumed, since we are considering the case of no or insufficient separation by guards, there may be some degradation between the two networks due to lack of orthogonality. Especially in unpaired spectrum, such a deployment would necessitate to align the uplink/downlink switching points between these coexisting systems as otherwise the performance degradation would not be acceptable. This could be accomplished by regulatory authorities or bilateral agreements between operators. In fact, the situation is no different from two LTE networks operating under the same assumptions as considered here. 

So far we have considered deployments where the New Radio coexists with LTE on adjacent spectrum in the same geographical area. But the NR should also be capable to coexist with LTE in overlapping spectrum in a flexible manner. There is currently no guidance as to the resource allocation granularity in the time/frequency domain with which LTE and NR networks should be able to coexist in the same spectrum. In fact, this aspect is left to the working groups as part of the NR studies. In the sequel, we thus discuss several possible options with which LTE and NR could be multiplexed within the same carrier in either the time domain or frequency domain. Coexistence should be possible regardless of whether NR and LTE are controlled by the same base station and all LTE features should be supported in both paired and unpaired spectrum.

As mentioned above, for the case where LTE and NR coexist in the same spectrum, it seems reasonable to assume that both belong to the same operator. While this may not be true in unlicensed or license-shared spectrum—for example in the U.S. license-shared access (LSA) spectrum access system (SAS) in the 3.5GHz band—we can focus here on licensed spectrum as LAA or LSA like deployments will have to provision coexistence mechanisms with other RATs including LTE regardless. Nevertheless, a distinction can be made as to whether the LTE and NR networks of the same operator operating in the same spectrum are synchronized or not and to what degree their respective base stations can cooperate or not. For the case where NR gNB and LTE eNB are collocated, we will assume coordination with ideal backhaul whereas otherwise we will assume coordination with non-ideal backhaul. Needless to say, the cases of collocated base stations with non-ideal backhaul and non-collocated base stations with ideal backhaul are also covered by these assumptions.

With respect to the synchronization status between the two RATs, it seems appropriate that at least radio frame boundary alignment can be assumed as otherwise coexistence within the same spectrum would be infeasible or at least inefficient. LTE and NR could then coexist within the same bandwidth by using small cell on/off techniques standardized in Rel. 12. The LTE network would configure said carrier as secondary cell for all UEs and would use MAC control elements to turn LTE transmissions on and off. When the secondary cell is activated, LTE waveforms are transmitted by the LTE network, whereas when the secondary cell is deactivated either no transmissions or only discovery reference signal (DRS) transmissions occur according to some discovery signal measurement timing configuration (DMTC). Said DMTC could be exchanged between the LTE and NR networks in order to inform the NR gNB about potential DRS transmissions on the secondary cell. In addition, depending on the backhaul between the LTE and NR networks, LTE and NR base stations could inform each other about time intervals of LTE and NR transmissions, respectively, such that the LTE network would activate the carrier when there are no NR transmissions and deactivate it whenever there are NR transmissions. The time granularity of this approach would depend on whether ideal or non-ideal backhaul are assumed between the LTE and NR base stations and the MAC level (de)activation procedure of LTE would also put a limit on the time granularity, i.e., subframe level coexistence would not be supported. However, LTE may introduce further enhanced lean SCells where subframe level coordination may be possible. If the backhaul between LTE and NR eNBs/gNBs allows for such granularity, LTE and NR base stations could dynamically schedule LTE and NR transmissions except for DRS occasions during which either network would send PSS/SSS or other necessary channels and signals, e.g., paging or system information broadcast in case of standalone operation. Since NR and LTE resources are orthogonal and time-division multiplexed both paired and unpaired spectrum can be supported. This TDM coexistence mechanism is conceptually illustrated in Figure 1b.
Proposal 1: For the case where LTE and NR share the same spectrum in a TDM manner, it should be possible to exchange at least the following interference coordination information between gNBs and eNBs:

· Information about time intervals reserved for LTE and NR transmissions, respectively

· Information about resources reserved for common signals and channels such as synchronization signals and other necessary channels and signals, e.g., for paging, system information broadcast or RRM measurement that may be transmitted by one RAT in resources reserved for another RAT
Since Rel. 8 UEs are not capable of carrier aggregation and cannot be configured with secondary cells, CA based techniques as above may not fully allow coexistence between NR and LTE. Rel. 8 UEs do, however, support MBSFN subframes. Hence, NR transmissions could occur in the MBSFN region of an MBSFN subframe spanning 12 or 13 symbols depending on the LTE eNB antenna configuration and PMCH configuration. LTE transmissions in the non-MBSFN region cannot be avoided and would puncture the NR transmission in the MBSFN subframe in case they span the entire subframe (e.g., 14 OFDM symbols with 15kHz subcarrier spacing). NR transmissions could be restricted to the MBSFN region either by using mini-slots or by employing slots with an increased subcarrier spacing resulting in shortened OFDM symbols. Synchronization between NR and LTE base stations is preferred in order to minimize losses. In case the same eNB controls both LTE and NR, the two networks could even be frequency-division multiplexed in MBSFN subframes using transmission modes 9 and 10 for LTE. Alternatively, the joint eNB/gNB scheduler could dynamically schedule either NR or LTE in TM9/10 in MBSFN subframes (TDM).
For unpaired spectrum, TDD UL subframes could also be used for NR transmissions if the LTE and NR base stations are synchronized. Both using TDD UL and MBSFN subframes for NR transmissions would require exchange of some coordination information between the base stations of the respective networks. At least, subframes for LTE and NR transmissions have to be informed to each other to avoid collision. In addition, the NR network has to be informed whether the NR transmission can span an entire subframe (e.g., 14 OFDM symbols with 15kHz subcarrier spacing) or just a part as is the case for MBSFN subframes. 

Proposal 2: For the case where LTE and NR share the same spectrum in a TDM manner, both dynamic schemes (subframe level based) and semi-static schemes (MAC and/or RRC based with CA) are supported.

Multiplexing NR and LTE by means of TDD uplink or MBSFN DL subframes can be considered time-division multiplexing of the RATs. Especially to support Rel. 8 UEs it may be easier to configure a legacy LTE carrier with a smaller LTE system bandwidth and to multiplex the two RATs in a frequency-division manner. For example, a 20MHz LTE carrier could be split into a 10MHz LTE and NR carrier, respectively. Since RAN1 has agreed that the NR symbol boundary is aligned with that of LTE at least for normal CP, NR/LTE coexistence can be similar to NB-IoT inband or guardband operation when the same eNB controls both RATs. The resource granularity in the frequency domain would be determined by the supported LTE system bandwidths and the flexible bandwidth design of NR. Depending on the available bandwidth, some loss may occur similar to the carrier segments discussed in Rel. 11, i.e., the available bandwidth cannot be partitioned into system bandwidths supported by LTE and NR. At least for NR, however, a flexible bandwidth design may be feasible that after initial attach allows transmission in any bandwidth that is an integer multiple of PRBs. This FDM coexistence mechanism is conceptually illustrated in Figure 1a.
From the above it is evident, that there is no major roadblock that prevents the coexistence of LTE and NR even for Rel. 8 UEs. Rather the question is whether dynamic multiplexing of the two RATs should be supported or whether a semi-static partition in either time or frequency domain suffices. Except for the case where NR transmissions cannot span an entire subframe (e.g., in MBSFN subframes) RAN1 specification impact may be limited. And even in this case, RAN1 impact may be limited to signaling support.  For example, the NR frame structure already supports DL transmissions spanning 12 symbols since the last two symbols are reserved as switching guard and for UL transmissions. Moreover, LTE UL resources can readily be used for NR transmissions by eNB scheduler implementation. If RAN1 specifications allowed for an offset between the starting symbol of a DL and UL subframe respectively, NR could be multiplexed with Rel. 8 UEs with minimal specification effort. 
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Figure 1: Both TDM and FDM based schemes allow for a seamless migration from LTE to NR
3 Conclusion

This contribution addressed the LTE features, candidate mechanisms, and backhaul signaling that were agreed at the last RAN1 meeting for further study. In regard to the above, the following is proposed for future direction of study and specification:
Proposal 1: For the case where LTE and NR share the same spectrum in a TDM manner, it should be possible to exchange at least the following interference coordination information between gNBs and eNBs:

· Information about time intervals reserved for LTE and NR transmissions, respectively

· Information about resources reserved for common signals and channels such as synchronization signals and other necessary channels and signals, e.g., for paging, system information broadcast or RRM measurement that may be transmitted by one RAT in resources reserved for another RAT
Proposal 2: For the case where LTE and NR share the same spectrum in a TDM manner, both dynamic schemes (subframe level based) and semi-static schemes (MAC and/or RRC based with CA) are supported.


