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1 Introduction

In RAN #71, a new study item for “New Radio (NR) access technology” was approved [1]. One of the main objectives in the SI is to target a single 5G framework that can be implemented for various usage scenarios, requirements and deployment scenarios as defined in TR 38.913 [2]. Furthermore, 5G new air interface will be designed to accommodate various vertical services such as enhanced mobile broadband (eMBB), massive machine-type-communication (mMTC) and ultra-reliable and low-latency communications (URLLC). According to 5G deployment scenarios specified in TR38.913 [2], 5G is expected to be deployed on frequency bands of sub-6GHz as well as over-6GHz. Considering the fact that sub-6GHz is one of the target frequency bands for 5G, one important aspect that we need to study is the co-existence of LTE and 5G new radio interface in this spectrum. This contribution discusses co-existence support of LTE and 5G new air interface in sub-6GHz and provides our view on the issue.
2 Co-existence of LTE and 5G in sub-6GHz
Spectrum for 5G new air interface in the sub-6GHz is expected to be secured by means of spectrum re-farming or new spectrum allocations. A possible alternative to spectrum re-farming or new spectrum allocation could be to operate both LTE and 5G on the same spectrum. Operating LTE and 5G on the same spectrum would allow an operator to deploy 5G without having to secure a separate spectrum just for 5G. In order to realize such LTE-5G coexistence, it is important that 5G new air interface be designed considering the existing LTE operations. Consequently, supporting LTE-5G coexistence can allow smooth migration from LTE to 5G for frequency bands that are currently being operated for LTE.
2.1 Deployment scenarios for LTE-5G coexistence
First, we discuss possible deployment scenarios for co-existence of LTE and 5G in Figure 1. Two deployment scenarios are depicted for LTE-5G coexistence: (a) geographically separated scenario and (b) co-located scenario. Figure 1(a) shows the case where an LTE eNB and a 5G eNB are geographically separated while Figure 1(b) shows the case where LTE and 5G functionalities are incorporated within a single eNB.
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Figure 1: Deployment scenarios for LTE-5G coexistence. 
For the geographically separated scenario, as shown in Figure 1(a), the 5G eNB can operated independently from the LTE eNB. Of course, some limitations could be imposed. For example, if the band is TDD, the UL-DL configuration of the 5G eNB could be configured to avoid cross interference situations between the 5G downlink and the LTE uplink, vice versa. In short, the LTE and 5G eNB will be operated in order to achieve area splitting gains where 5G eNBs will likely be targeted for hotspots or regions requiring support for new 5G verticals. An alternative to independent operation in the geographically separated scenario would be to have the LTE and 5G eNB coordinate with each other (e.g. DC or CoMP-like specification support). To simplify the discussions, we will focus on the case where no coordination is assumed between LTE and 5G eNBs.
For the co-located scenario, as shown in Figure 1(b), 5G and LTE functionalities are implemented within a single eNB. Since the same spectrum and the same RF component are used for this case, we can assume the transmission of 5G and LTE would have to be made such that there is no collision between the two. In other words, overlapping transmissions between 5G and LTE would not be possible and a tight coordination would be necessary to guarantee orthogonal resource assignments.
Proposal 1: LTE-5G coexistence on the same spectrum should be supported as part of 5G new air interface.

Proposal 2: Consider both geographically separated and co-located scenarios when designing 5G specification support for LTE-5G coexistence.
2.2 LTE-5G coexistence in geographically separated scenario
For the case of geographically separated scenario, specification support for FDD spectrum to achieve LTE-5G coexistence seems not necessary considering the fact that neighboring LTE cells will experience 5G interference that is no different from LTE interference. Of course, depending on how the 5G new air interface is designed, there could be some differences but we do not expect this to be critical.
On the other hand, specification support for TDD spectrum might be needed in order to avoid serious levels of cross interference between the 5G downlink and the LTE uplink, vice versa. Currently, LTE TDD supports seven UL-DL configurations. In order to allow LTE-5G coexistence for the geographically separated scenario, a subset of the UL-DL configurations for the 5G new air interface would need to be compatible to those of LTE. Being compatible to LTE means that the 5G UL-DL configurations are designed such as to avoid cross interference with LTE.
Proposal 3: Design TDD UL-DL configurations for 5G new air interface such that at least a subset of the configurations are compatible with those of LTE.
2.3 LTE-5G coexistence in co-located scenario
For the case of co-located scenario, specification support would be needed so that the downlink and uplink transmissions of LTE and 5G can be orthogonally multiplexed with each other. As discussed in the previous section, we assume that 5G and LTE functionalities are implemented within a single eNB. Furthermore, the same RF components are used by the two air interfaces. As a result, the scheduler will have to manage the LTE and 5G transmissions so that they are not colliding with each other. The LTE and 5G transmissions can be orthogonally multiplexed in either the time or frequency domain depending on the traffic demand from LTE and 5G as shown in Figure 2.
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Figure 2: Examples of LTE-5G coexistence for the co-located scenario.

Note that LTE already has some specification features in place to support time and frequency domain multiplexing between LTE and other RATs without any impacts on LTE operations. Specification support for LTE-5G coexistence can be designed considering such existing LTE features. In this section, we discuss possible alternatives to support LTE-5G coexistence in one or more carriers by means of time or frequency domain multiplexing. The alternatives that we consider are as follows: 
· LTE-5G coexistence using MBSFN subframe configurations

· LTE-5G coexistence using TDD UL subframes

· LTE-5G coexistence using activation/deactivation in CA
· LTE-5G coexistence using LAA operations
LTE-5G coexistence using MBSFN subframe configurations
An MBSFN subframe consists of a non-MBSFN region and an MBSFN region. The MBSFN region does not contain any transmission instances of LTE essential physical signals and channels (e.g. PSS/SSS, CRS, PBCH, SIB, and paging). Since the MBSFN region in an MBSFN subframe does not contain any LTE essential signals, the time and frequency resource can be utilized for 5G operations. Note that LTE can configure up to 6 MBSFN subframes for FDD (e.g. subframe#1, #2, #3, #6, #7, #8) and up to 5 MBSFN subframes for TDD (e.g. subframe#3, #4, #7, #8, #9). Considering the MBSFN subframe feature in LTE, an MBSFN region ((12/14 msec) can be used for 5G new radio downlink transmissions. In case of FDD, an uplink subframe can be additionally reserved for 5G new radio uplink transmissions if LTE uplink transmissions can be flexibly removed by the eNB scheduling. Furthermore, for LTE Rel-10 and above, 5G downlink transmissions can be multiplexed in the frequency domain on MBSFN subframes with LTE transmissions using TM9 or TM10. Note that this would be possible if there is specification support to maintain frequency domain orthogonality between LTE and 5G new radio.
LTE-5G coexistence using TDD UL subframes

In case of TDD, an eNB can utilize TDD UL subframes for 5G transmissions. The specification support for TDD in Rel-8 allows for semi-static control of TDD UL/DL configurations based on SIB. Then, the UL subframe(s) under a TDD UL/DL configuration can be utilized for the 5G transmissions. Also, with further enhancements in Rel-12 in the form of eIMTA, it is possible to dynamically change the TDD UL/DL configuration with considerations on inter-cell interference coordination. With eIMTA specification support, the eNB could configure a subframe to be used for uplink transmissions but not grant any LTE UL transmissions on the subframe. Instead, the eNB could schedule either the downlink or the uplink transmission for the 5G new air interface.
LTE-5G coexistence using activation/deactivation based on CA operation
Considering a 5G cell and an LTE cell may be served by separate carriers, activation/de-activation in Rel-10 CA can be one candidate to enable LTE-5G coexistence on multiple LTE carriers as shown in Figure 3. Depending on the traffic demands of LTE and 5G, LTE and 5G transmissions on each carrier can be adaptively turned ON or OFF. For example, if 5G traffic demand is higher than that of LTE, 5G transmission can be activated while LTE transmission on the same carrier is deactivated.
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Figure 3: An example of LTE-5G coexistence using (de)activation of CA in multiple LTE carriers.
LTE-5G coexistence using LAA operations
In LTE Rel-13, LAA was introduced to allow coexistence of LTE and WiFi in an unlicensed band. Naturally, LTE-5G coexistence on unlicensed band can be supported without any specification support as long as 5G is designed to operate on unlicensed bands. Furthermore, if LTE’s LAA operations are extended to licensed bands, eNB would be able to dynamically control the ON/OFF switching of LTE transmission even on licensed bands. With this specification support, it would be possible to dynamically switch between 5G and LTE transmissions in the time domain.
Proposal 4: Consider utilizing LTE features to efficiently support LTE-5G coexistence for co-located scenario.
3 Conclusions 

This contribution discusses co-existence support of LTE and 5G new radio interface in sub-6GHz and proposes the following depending on the discussion:

Proposal 1: LTE-5G coexistence on the same spectrum should be supported as part of 5G new air interface.

Proposal 2: Consider both geographically separated and co-located scenarios when designing 5G specification support for LTE-5G coexistence.
Proposal 3: Design TDD UL-DL configurations for 5G new air interface such that at least a subset of the configurations are compatible with those of LTE.

Proposal 4: Consider utilizing LTE features to efficiently support LTE-5G coexistence for co-located scenario.
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