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Introduction
In the last RAN1 #86bis and #87 meetings, NR LTE coexistence has been discussed with the following agreement [1] [2].
Agreements:
· For LTE and NR coexistence, 
· In NR design, consider support of flexible starting point and duration of scheduled resources as a tool to avoid for example the control region of MBSFN subframes and be able to use resources in the unused MBSFN subframes of an LTE carrier
· Note: those mechanisms may be reused from forward compatibility mechanisms
· FFS: use of mini-slot
· FFS: Dynamically or semi-statically varying starting point and duration
· NR design supports adapting the bandwidth occupied by NR carrier(s) at least as fast as LTE carrier aggregation schemes
· FFS: Detailed design
· FFS: Allowing NR transmissions while avoiding OFDM symbols carrying CRS on a DL LTE subframe
· Further discussion needed on how to handle sTTI transmissions of LTE
· Note: those mechanisms may be reused from forward compatibility mechanisms, or mechanisms for multiplexing eMBB and URLLC on the DL, or mini-slot
· Allowing NR transmissions while avoiding OFDM symbols carrying SRS on an UL LTE subframe
· Further discussion needed on how to handle sTTI transmissions of LTE
· FFS: PRB-level resource allocation can be used as a tool to avoid for example PSS/SSS, PBCH, EPDCCH, PUCCH, PRACH, as well as PRB-level scheduled LTE PDSCH and LTE PUSCH, of an LTE carrier
· FFS: Mapping NR signals and channels around the LTE CRS patterns
· Note: those mechanisms may be reused from forward compatibility mechanisms
· For adjacent channel/band operation of NR and LTE in the unpaired spectrum
· Design at least one semi-statically assigned DL/UL transmission direction configuration for NR that avoids DL/UL interference with at least one LTE TDD DL/UL configuration and special subframe configuration
· This does not preclude at most one semi-statically DL/UL transmission direction configuration in NR specification
· Note: DL/UL interference also can be avoided by using dynamically assigned DL/UL transmission direction in some cases
· FFS: Backhaul signaling between NR and LTE for interference coordination
· FFS: Other mechanisms
· Note that the above agreements do not imply that UE has to support simultaneous connection of NR and LTE in the same or overlapping carrier
· Note: that above mechanisms may be reused from forward compatibility mechanisms, or mechanisms for multiplexing eMBB and URLLC on the DL, or mini-slot

In this contribution, we focus on the NR LTE co-existence for adjacent channel/band operation in unpaired spectrum as well as the co-channel deployment by using the MBSFN subframes of a LTE carrier, as highlighted above. 
 

Use Cases and Requirements for NR LTE Coexistence
NR deployments are likely to happen across a wide variety of spectrums. In some cases, with the introduction of new frequency bands, there will be greenfield deployments with no requirements related to co-existence with other technologies nearby. These deployments would have the most flexibility in terms of NR deployment options and should be able to exploit all the benefits NR has to offer such as low latency, ultra-reliability, adaptation to varying DL/UL traffic demand, etc. 
On the other hand, there is also a need to gradually migrate existing LTE spectrum resources to NR as device penetration increases. This would mean that NR deployments could happen in the same band as LTE operation, which necessitates NR design to be flexible enough to co-exist with LTE such that legacy LTE devices are not significantly impacted by the introduction of NR. However, the NR design must not become too complicated in order to allow for coexistence with LTE, since the need for the coexistence mechanisms will likely diminish over time as legacy services get replaced with the newer services.
Various use cases have been discussed for LTE and NR co-existence which may have different requirements. These use cases include:
· Non-standalone NR (DC) and standalone NR deployments 
· Same frequency (co-channel) and different frequency (adjacent channel/band) deployments 
· Paired (FDD) and unpaired (TDD/SDL) spectrum deployments

NR LTE Coexistence Discussion
Adjacent Channel NR LTE Coexistence
Different frequency deployments are simpler from a coexistence point of view and provide reasonable flexibility in terms of resource distribution between NR and LTE. Within a single operator, the total available bandwidth can be quantized into smaller carriers. NR and LTE can both have a static (anchor) allocation of a single carrier. The rest of the carriers can be time-shared between NR and LTE based on LTE-only and NR-capable user distribution in a semi-static fashion with fast activation/deactivation of carriers. 
In the case of paired spectrum deployments (FDD), adjacent NR and LTE operation is always in the same uplink or downlink direction whether NR and LTE belong to the same operator or different operators. Therefore there are no concerns about cross interference between uplink and downlink. NR signal leaking into the adjacent LTE channel could be of concern, and therefore needs to be regulated through RAN4 requirements on ACLR (adjacent channel leakage ratio). 
In the case of TDD deployments, one of the main causes of concern is cross interference. If the NR network performs a downlink transmission while the LTE network performs an uplink transmission or vice versa, there can be cross link interference between LTE and NR, especially from DL transmission to UL reception. To ensure LTE-NR adjacent channel/band coexistence, NR slot structure can be configured in a manner that the direction of transmission is aligned with the LTE network. 
LTE network can be configured with one of 7 different TDD configurations that define the frame structure. Furthermore, there are 10 different options for the special subframe configuration. The NR frame structure design can be flexible enough to create alignment in direction between LTE and NR by arranging one or more NR slots to fit in the same time duration as an LTE subframe. For example, one or more fully-downlink NR slots with no uplink symbols can be aligned with an LTE D subframe. Similarly, one or more fully-uplink NR slots with no downlink symbols can be aligned with an LTE U subframe. A self-contained NR slot with both downlink and uplink symbols can be made to align with an LTE S subframe. In the case of fully downlink NR slots, the corresponding ACK/NACK information would arrive at the next UL opportunity. Similarly, UCI for the fully uplink slot can be transmitted at an earlier DL transmission.
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Figure 1: One or more NR slots aligned with each LTE subframe

Allowing flexibility in the construction of the control interval as well as the duration of the DL, gap and UL blocks enables compatibility with the various LTE TDD configurations. In addition, NR would have the option of blanking out certain additional resources to enable interference management within its operating frequency.
Co-Channel NR LTE Coexistence
NR and LTE NR co-existence can also be facilitated on the same carrier for FDD and TDD systems subject to certain limitations. By allowing a flexible NR structure that can occupy a configurable subset of the time and frequency resources, co-existence can be achieved.
For FDD deployments, the last 12 symbols of the MBSFN subframes (1,2,3,6,7,8) can be utilized by NR as downlink resources. This can be realized by starting DL control transmissions at the 3rd LTE symbol or shifting the NR subframe boundaries by 2 symbols and blanking out the last 2 symbols of the subframe. Note that the use of MBSFN subframes for DL allows NR to use up to 51% of the DL resources, therefore provides limited flexibility in terms of resource sharing between NR and LTE. Semi-static resource sharing that can support higher allocation for NR can be achieved with NR and LTE FDM using aggregation of NR carriers with fast activation/deactivation of carriers. 
LTE can also omit scheduling UL data on certain subframes. However, LTE PUCCH, SRS and PRACH transmissions can still occupy certain time and frequency resources within those subframes. Allowing NR to operate within the remaining subset of resources can enable co-existence (Figure 2).


Figure 2: FDD Co-channel LTE and NR: UL Resource Sharing
In TDD deployments, MBSFN subframes vary by LTE TDD configuration. As an example, TDD config 2 subframes 3,4, 8 and 9 can be designated as MBSFN. NR can use the last 12 symbols of these subframes. Utilizing those symbols in the DL direction may still be desirable to maintain the same direction with potential adjacent LTE-only deployments. In addition, any unused LTE UL subframes can be utilized by NR, as long as the LTE PUCCH, SRS and PRACH transmissions are omitted. Similarly, utilizing those subframes for UL may be desirable to ensure coexistence with adjacent LTE-only operation. Note that sharing the UL resources between LTE and NR would introduce additional latency to both LTE and NR operation, especially when using DL heavy configurations. As an example, TDD configuration 2 has one UL subframe every 5 ms. Time sharing UL subframes between NR and LTE could mean one UL data opportunity every 10 ms for each technology, leading to worse performance than legacy LTE. Meanwhile, any potential latency benefits of NR are not achievable. Therefore, potential performance benefits of such schemes need to be carefully studied.
As discussed in detail in [3] and [4], the concept of advanced frame structure coupled with the ability to blank out resources completely and arbitrarily for forward compatibility also allows NR and LTE co-existence in the same carrier frequency. On the other hand, usefulness of such dynamic PRB level resource sharing schemes needs to be carefully considered in these spectrum constrained use cases since they would incur additional signalling overhead which may offset the potential benefits.
Summary
Summary of solutions for the various use cases for same frequency band NR LTE co-existence are summarized below (Table 1).
[bookmark: _Ref471731428]Table 1: Summary of NR LTE Coexistence Solutions
	Solution Space
	Co-existence Consideration 
	Performance and Complexity

	Static FDM 
(E.g., 5/15, 10/10,  or 15/5 MHz partitioning, assuming 20 MHz BW)
Spectrum partitioning can be adjusted based on NR UE penetration 

	Adjacent channel coexistence 
· FDD: ACLR requirements
· TDD: DL/UL alignment
	· For NSA deployments (DC), LTE-capable NR users can still utilize the full bandwidth, whereas spectrum allocation for LTE-only or NR-only (SA deployments) users are limited
· NR functionality/performance benefits (low latency) would be available with minimal restrictions due to alignment requirements
· No latency impact for LTE users   

	Semi-static FDM with CA
NSA: LTE has static BW allocation as anchor for LTE and NR (e.g., 5 MHz). Remaining BW allocated to LTE SCell and/or NR as needed.
SA: LTE and NR has static PCell BW allocation (e.g., 5 MHz). Remaining BW allocated to LTE SCells and/or NR SCells as needed.
	Adjacent channel coexistence 
Activation/deactivation of SCell
	· Offers better resource adaptation to user capabilities
· Some overhead and delay in adaptation due to SCell activation/deactivation 

	Semi-static TDM
Utilize LTE DL MBSFN subframes and resources with unused UL subframes to schedule NR
	Co-channel coexistence Flexible NR slot structure needed to allow operation with blanked time and/or frequency domain resources
Varying slot structure needs to be communicated to NR users
	· NR utilization of resources limited due to legacy LTE support requirements (Not suitable for high NR-only UE penetration in SA deployments) 
· Latency impact for LTE-only UL users. 
· Limited applicability of NR performance benefits (such as low latency) due to co-existence restrictions
· Additional signalling overhead for NR operation due to varying slot structure 

	Dynamic Resource Sharing
NR utilizes unused LTE resources dynamically at PRB level in frequency and subframe level in time
	Co-channel coexistence Dynamic flexible NR slot structure needed
NR slot structure and time/frequency resource usage needs to be signalled at subframe granularity

	· High overhead to signal dynamically varying slot structure
· Complex implementation with diminishing benefits as NR-capable user density increases.



Conclusions
Proposal 1. Consider to prioritize NR LTE coexistence in the same band, but different carriers using FDM-based resource sharing techniques
· Assuming initial NSA NR deployments, this option allows full bandwidth availability for LTE-capable NR users, with minimal constraints on NR operation and minimal impact on LTE and NR performance

Proposal 2: NR LTE coexistence in the same channel with semi-static resource sharing utilizing MBSFN subframes and unused UL subframes can be considered. Performance benefits and resource partitioning flexibility of such schemes need to be studied. 
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