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1 Introduction
The study item on ‘New Radio’ (NR) Access Technology has been initiated by 3GPP to evaluate potential technologies targeted to enable future cellular network deployment scenarios and applications [1]. It is expected that deployment of NR to cover a wide array of spectrums from low frequency bands where current mobile networks operate (below 6GHz) to new mmWave spectrum (above 6GHz). It is very likely that for early sub 6GHz 5G deployments, both 5G and LTE will need to be deployed in the same or overlapping spectrum. This contribution discusses requirements and technical solutions relating to dynamic spectrum sharing between LTE and NR.
2 Coexistence of NR and LTE
During RAN1#86bis the following agreements for LTE/NR coexistence were reached:

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.

The following sections discuss the key scenarios and mechanisms for LTE/NR coexistence.

2.1 Scenarios for LTE/NR Coexistence

Multiple scenarios can be envisioned for LTE/NR coexistence. Both homogenous and heterogeneous deployments are relevant for the study and the resulting combinations of LTE and NR may be deployed on either macro or pico layers or both at the same time. Four key exemplary scenarios are illustrated in Figure 1 below.
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Figure 1. Scenarios for Co-Existence of NR and LTE
The scenarios above each have different considerations and implications on the mechanisms that can be utilized for LTE/NR coexistence. In addition to the different coverage levels of LTE and NR represented by those different scenarios, varying traffic levels and user densities could also be expected. As a result it is important for RAN1 to study multiple scenarios before concluding on the benefits of the different candidate mechanisms. 
Proposal 1: RAN1 should consider the following scenarios for evaluation of LTE/NR coexistence mechanisms:

Scenario 1: LTE on Macro and NR on Pico

Scenario 2: LTE on Macro and NR on Macro

Scenario 3: NR on Macro and LTE on Pico

Scenario 4: NR on Pico and LTE on Pico
2.2 LTE/NR Coexistence Requirements
One possible solution for deploying NR and LTE in the same spectrum is to have a static partitioning between technologies as shown in Figure 2. Over time the partition may be updated (e.g. as more NR devices enter the network).
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Figure 2. Co-Existence of NR and LTE
However such a static partition is not optimal as it usually leads to loss in efficiency so we further require that the partitioning between the 5G and LTE be dynamic, i.e. can be achieved within RRC timescales. Figure 3 illustrates the dynamic adaptation of the partitioning based on the amount of legacy LTE traffic.
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Figure 3. Dynamic Partitioning of LTE and NR
Several legacy LTE features (e.g. Rel-13 or earlier) and NR mechanisms for coexistence have already been identified by RAN1 for further study as noted in the RAN1#86bis agreement. These should be taken as the baseline for coexistence evaluations or specification impact analysis, however it is not necessary to preclude future LTE enhancements if any are identified in the course of the study or from other SI/WIs.
The metrics for evaluation of the different techniques should also be identified by RAN1. From a system performance perspective the capacity gain from more efficient adaptive resource partitioning mechanisms can be evaluated compared to a static split between LTE and NR resources on a given carrier. However an equally important consideration is that legacy UEs are not impacted by the operation of NR on the same carrier since that operation is by definition transparent to legacy LTE devices. Of course there can be different assumptions about the impact of a given technique on LTE UEs depending on their release. Finally it is important that NR UEs should not require additional functionality to operate on a carrier where LTE is also dynamically coexisting with its serving NR cells compared to that UEs operation on a carrier where only NR is deployed.

Proposal 2: The following factors should be considered and identified when evaluating LTE/NR coexistence mechanisms:

· Capacity gain compared to a static resource partitioning between LTE/NR
· Applicability and impact on legacy LTE UEs of a given release

· Requirements on NR UEs operating on shared spectrum with LTE compared to operating on NR-only spectrum
2.3 Coordination Requirements for LTE/NR Coexistence

While semi-static techniques identified for coexistence may require minimal coordination, dynamic (e.g. per-TTI) sharing can be done by coordinating the LTE and NR transmissions via three different mechanisms:
A. Co-locating the NR and LTE scheduling 

B. Via the X2 interface (or the evolved version of the X2 interface in the new RAN architecture)

C. Over the air

Of these, A) and B) do not impact any RAN1 specification where C) does requires RAN1 specification. Also, over the air coordination is desirable since this does not require LTE and NR scheduling and transmission to be handled by a single eNodeB, nor does it require an ultra-low latency transport between them, thereby providing much more flexibility in their deployment. This can even allow NR and LTE to be deployed on different tiers (e.g. macro and pico) and share the same channel as was shown in Figure 1. 

Proposal 3: RAN1 should study the benefit of over-the-air signalling for non-co-located LTE and NR coexistence.
3 Conclusion
This contribution discussed requirements and technical solutions relating to dynamic spectrum sharing between LTE and NR. The following proposals were made:
Proposal 1: RAN1 should consider the following scenarios for evaluation of LTE/NR coexistence mechanisms:

Scenario 1: LTE on Macro and NR on Pico

Scenario 2: LTE on Macro and NR on Macro

Scenario 3: NR on Macro and LTE on Pico

Scenario 4: NR on Pico and LTE on Pico
Proposal 2: The following factors should be considered when evaluating LTE/NR coexistence mechanisms:

· Capacity gain compared to a static resource partitioning between LTE/NR

· Applicability and impact on legacy LTE UEs of a given release

· Requirements on NR UEs operating on shared spectrum with LTE compared to operating on NR-only spectrum
Proposal 3: RAN1 should study the benefit of over-the-air signalling for non-co-located LTE and NR coexistence.
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