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1 Introduction

In RAN #73, Text Proposal for 38.913 on the coexistence between NR and legacy RATs (including LTE) was agreed [1]. In RAN1 #86bis, a set of agreements regarding coexistence between NR and LTE were reached:
· 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.

This contribution presents some further considerations on the coexistence between NR and LTE.
2 Coexistence scenarios

A number of scenarios have been discussed for NR-LTE coexistence, including co-located and non-co-located, paired spectrum deployment (FDD) and unpaired spectrum deployment (TDD/SDL), synchronized and non-synchronized, on the same frequency or different frequencies, with or without fast backhaul connections, etc., and their combinations. To help bring clarity, the following key scenarios/combinations may be prioritized:
· Co-located LTE/NR in the same licensed frequency band 
· With synchronization for unpaired spectrum deployment or paired spectrum deployment
· Non-co-located LTE/NR in the same licensed frequency band
· With synchronization for unpaired spectrum deployment 
· With or without synchronization for paired spectrum deployment or unpaired spectrum deployment
· With or without fast backhaul connections

Proposal 1: RAN1 to focus on coexistence in the same licensed frequency band:

· Co-located LTE/NR with synchronization for unpaired or paired spectrum deployment
· Non-co-located LTE/NR, with or without synchronization for unpaired or paired spectrum deployment, with or without fast backhaul connections.
3 General requirements on coexistence

To support efficient operations in coexistence scenarios, some high-level requirements are needed. The following aspects are discussed.
1.1 Basic coexistence techniques
As shown in Figure 1 to Figure 3, the coexistence of NR and LTE could be FDM and TDM, and a LTE carrier could be used as the anchor for NR and LTE. For DL TDM case in Figure 2, from LTE users’ point of view, LTE Rel-10 MBSFN subframes and Rel-14 eMBMS subframes could be utilized by NR, while from NR users’ point of view, NR blank resource could be utilized by LTE. In addition, in early period of NR deployment, the coverage may be still guaranteed by LTE network, LTE carriers could be NR users’ anchor carrier (see Fig. 2(b) for an example). For UL TDM case in Figure 3, the collision with LTE PUCCH and SRS can be avoided via gNB scheduling. NR users and LTE users are possibly transparent to each other. As an example, the NR DL anchor carrier can be located in a SDL band or a TDD band.
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Figure 1 FDM of NR and LTE
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Figure 2 (a) TDM of NR and LTE in DL band. (b) Coexistence of NR and LTE in DL band, with a LTE carrier as the anchor for NR and LTE and NR/LTE TDM on other resources
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Figure 3 (a) TDM of NR and LTE in UL band with DL NR anchor carrier in SDL band. (b) TDM of NR and LTE in UL band with DL NR anchor carrier in TDD band

Proposal 2: NR/LTE coexistence should consider TDM, FDM, and using a LTE carrier or a NR carrier as NR user’s anchor carrier.
1.2 Requirements on NR designs

As evident from [1] and agreements in Sec. 1, most considerations to ensure efficient coexistence between NR and LTE are focused on NR designs. 
· For co-located LTE/NR:

In TDM case, the resource sharing and indication need to be designed in NR. NR should be designed flexible enough to coexist with incumbent LTE while reducing any negative impact on LTE. Generally speaking, the flexibility requirements are similar to forward compatibility requirements on NR, such as the gNB specifying reserved resources or blanking resources via RRC signalling and/or MAC signalling and/or L1 signalling as discussed in forward compatibility for NR. 
· For example, NR periodic blanking on resources semi-statically should be supported, and the blanking may correspond to LTE DRS transmission patterns, LTE non-MBSFN subframe patterns, etc. 
· For another example, NR aperiodic blanking on one or more consecutive subframes should be supported, and blanking may correspond to LTE transmission bursts. 
Therefore, it seems as long as NR is designed with sufficient capability of forward compatibility, NR can coexist with LTE in a TDM manner and does not conflict with LTE resource utilization. 
On the other hand, in FDM case, NR can be friendly to LTE if the transmission of wideband signals would be limited as much as possible. Sub-band spectral localiztion technology such as f-OFDM is used to minimize the interference from NR to LTE in case different numerology is used for NR.
· For non-co-located LTE/NR:

In this case, the main issue to address is the interference issue. However, this issue is not too different from LTE inter-cell interference issue. A NR gNB can implement most LTE inter-cell interference management techniques in this case, such as listening to a LTE eNB over the air transmissions, coordinate with LTE eNB via fast or non-ideal backhaul, etc. It is expected that existing standard support for LTE inter-cell interference management techniques and current proposals for NR inter-cell interference management should be sufficient for handling non-co-located LTE/NR interference issue.
Proposal 3: Coexistence requirements for NR mainly include:
· For co-located LTE/NR, resource sharing and indication via forward compatible designs
· For non-co-located LTE/NR, interference management at least by reusing LTE interference management schemes.
1.3 Requirements on LTE further evolution

LTE may be viewed as incumbent and hence some may think new requirements developed for NR/LTE coexistence should not be applied to LTE. For example, NR may be transparent to LTE, such as NR operates when LTE SCell is turned off via small cell semi-static on/off and discovery mechanisms for the co-located cases, or NR is just another RAT causing interference for the non-co-located cases. However, this view has some limitations. LTE is still evolving and can co-evolve with NR for a rather long time, while continuing to support legacy LTE UEs in a backward compatible manner. Therefore, LTE enhancements can be considered in new releases to better address the coexistence issues. For example, dynamic on/off (supported in LAA-LTE on unlicensed bands but not on licensed) and flexible bandwidth should be considered, which can provide much better capability to LTE to coexist with NR. Furthermore, the new enhancements may not only benefit the coexistence between LTE and NR, but also benefit LTE per se. To see this, note that some design principles of NR are aiming to overcome shortcomings of LTE. Some of the shortcomings can (and should) be addressed or at least partially addressed in new releases of LTE. Therefore, LTE further evolution can consider supporting higher degree of adaptation/flexibility and enhanced interference management, which are essentially aligned with LTE forward compatibility requirements and LTE performance further enhancement requirements.
Proposal 4: Coexistence requirements for LTE mainly include:
· For co-located LTE/NR, introducing higher degree of adaptation/flexibility in time/frequency domains
· For non-co-located LTE/NR, considering further enhanced interference management schemes.
1.4 Considerations on resource granularities in coexistence
One important aspect to be studied is the granularities involved in LTE/NR coexistence. These are mainly considered in time domain and frequency domain, and design constraints for NR depend on the granularity supported by LTE in successive releases.
· In time domain, static or semi-static (in the time scales of tens of milliseconds or longer) resource multiplexing is supported in LTE utilizing MBSFN subframe configurations, small cell on/off, TDD UL subframes, and eIMTA. Finer granularity is not supported, but dynamic on/off has been proposed for licensed carriers, such as based on LAA-LTE mechanisms or L1 indication for on/off, aiming for subframe-level adaptation. The subframe-level adaptation is found to be beneficial for LTE throughput performance, and is useful for LTE/NR coexistence.

· In frequency domain, current proposals for LTE are mainly at the carrier level. Coexistence may be considered at PRB-level, e.g., co-located NR/LTE allows NR to use PRBs not used by LTE via carrier bandwidth adaptation in LTE, if NR resource utilization and indication can be sufficiently flexible. For example, if PRBs at the edges of a LTE carrier are not used, by adapting (i.e., reducing) the LTE carrier bandwidth to another width supported in LTE, NR can utilize the frequency resources associated with the PRBs. The converse can also be supported, i.e., LTE increases its carrier bandwidth and NR shrinks its usable resources in frequency domain.
Proposal 5: Coexistence should be supported by LTE/NR at subframe-level in time domain and at PRB-level in frequency domain if the same numerology and slot size is used.
1.5 Considerations related to other features in LTE further evolution
New features are being standardized in LTE and more will be supported in further evolution of LTE. Some of these features may be related to or impact on LTE/NR coexistence. For example, short TTI are under consideration in LTE, with a TTI being as short as 2 OFDM symbols while the control may still be once per subframe (1 ms). In anticipation of this and other potential features in LTE, NR should provide sufficiently flexible design that is forward compatible with NR and LTE further evolution. For example, NR L1 signalling of resource blanking at the level of LTE symbol and PRB may be considered.
Proposal 6: NR should provide sufficiently flexible design forward compatible with NR and LTE further evolution (e.g., new LTE features such as short TTI).
4 Standard support for efficient coexistence 
A preliminary (and incomplete) list of standard support for efficient coexistence in the same frequency band is given here for further study.

For NR:

· Blank resources are reserved on symbol level in time domain, and several symbols can be reserved.

· Blank resources are reserved on PRB level in frequency domain, and whole bandwidth is allowed to be reserved.

· Scheduled/configured resources should avoid LTE synchronization and PBCH channel resources. 
· Scheduled/configured resources should avoid LTE PUCCH and SRS channel resources. 
· Static, semi-static or dynamic schemes should all be supported to indicate the blank resources. The following may be considered.
· Static:

· LTE SS/PBCH (in center 6 PRBs)
· LTE TDD fixed DL subframes

· LTE DRS patterns

· Semi-static:

· LTE MBSFN patterns

· LTE SCell semi-static on/off based on activation/deactivation and DRS

· LTE DL subframes specified by eIMTA

· LTE periodic PUCCH and SRS

· Dynamic:

· LTE subframe-level on/off (in LAA or in future releases) and other scheduled DL resources
· LTE dynamic PUCCH and SRS and other scheduled DL resources

· Blank resources in frequency domain considering:
· LTE bandwidth adaptation to legacy supported bandwidth
· LTE flexible bandwidth

· LTE center 6 PRBs in DL (for SS/PBCH/RRM measurements)

· LTE PUCCH region

· Blanking for LTE CRS 
For LTE:

· Support dynamic on/off in licensed SCells

· SCell bandwidth adaptation and flexible bandwidth
5 Conclusions

This contribution presents some further considerations on the coexistence between NR and LTE. The following are proposed.
Proposal 1: RAN1 to focus on coexistence in the same licensed frequency band:

· Co-located LTE/NR with synchronization for unpaired or paired spectrum deployment
· Non-co-located LTE/NR, with or without synchronization for unpaired or paired spectrum deployment, with or without fast backhaul connections.
Proposal 2: NR/LTE coexistence should consider TDM, FDM, and using a LTE carrier or a NR carrier as NR user’s anchor carrier.

Proposal 3: Coexistence requirements for NR mainly include:
· For co-located LTE/NR, resource sharing and indication via forward compatible designs
· For non-co-located LTE/NR, interference management at least by reusing LTE interference management schemes.
Proposal 4: Coexistence requirements for LTE mainly include:
· For co-located LTE/NR, introducing higher degree of adaptation/flexibility in time/frequency domains
· For non-co-located LTE/NR, considering further enhanced interference management schemes.
Proposal 5: Coexistence should be supported by LTE/NR at subframe-level in time domain and at PRB-level in frequency domain if the same numerology and slot size is used.

Proposal 6: NR should provide sufficiently flexible design forward compatible with NR and LTE further evolution (e.g., new LTE features such as short TTI).
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