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Introduction
In RAN1 #86b the following was agreed [1]:
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.

Some simple and effective ways for LTE and NR to coexist were outlined in [2]. In RAN1#87, the following was agreed which included some elements of the proposals in [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 discuss the various aspects of efficient coexistence between NR and LTE and the implications of such coexistence for NR design considering some elements of the above agreement.
Discussion
The key motivation for coexistence of NR and LTE in the same frequency band is to ensure a smooth migration path for the band from LTE to NR. From this perspective, it is beneficial to be able to support both LTE and NR UEs in the same band during the transition period from LTE to NR. Furthermore, the granularity with which resources can be partitioned between LTE and NR will determine the efficiency of the system during the migration.

The agreement from RAN1#87 states that NR design should 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. It has also been agreed to study further the possibility of avoiding OFDM symbols carrying CRS in the LTE subframe. It has also been agreed to avoid OFDM symbols carrying SRS in an LTE subframe and it has been recognized that further discussion is needed on how to avoid sTTI transmissions in LTE. 

One option that has been listed for further study is the use of mini-slots or sub-slots. Mini-slots are being discussed in general for the design of NR. It may be noted that many motivations have already been discussed for the ability of a mini-slot to start at any OFDM symbol. These motivations include the following.
· Supporting very low latency (e.g. forms of URLLC with tight delay requirements)
· Operation in unlicensed spectrum where it is desirable to start transmissions as soon as possible after a successful LBT operation.

The techniques listed above for coexistence of LTE and NR such as avoiding LTE subframe control regions, CRS or SRS carrying OFDM symbols etc., can be considered as additional motivations that will require the NR design to have flexible starting points. Considering that some of these techniques have already been agreed, the starting points for mini-slots should be made flexible enough to be able to avoid specific parts of LTE subframes in as flexible manner as possible. Therefore, to facilitate LTE and NR coexistence, we reiterate the proposals for mini-slots outlined in [4].

Proposal: A mini-slot (sub-slot) is characterized by
· May start at ‘any’ OFDM symbol
· Can have a length up to ‘slot duration – 1’ (i.e. 14-1=13 symbols or 7-1=6 symbols, depending on the configured slot duration)
· Ends at a slot boundary at the latest (at least in case of aggregation with subsequent slots)
· Can be aggregated by a subsequent slot (to allow for longer transmission durations in case of e.g. unlicensed spectrum)

Another aspect that has been listed for further study in the agreement is the mapping of NR signals and channels around the LTE CRS patterns. Defining NR with such detailed constraints based on a legacy system has some significant disadvantages. It introduces unnecessary complexity without necessarily providing much benefit. If NR is designed to be flexible including the use of mini-slots, it can be used in a wide variety of situations for a broad range of use cases while at the same time coexisting with exiting LTE deployments. Defining data mapping rules that wrap around the LTE CRS could allow NR to coexist with LTE with a finer granularity, but the additional gain obtained from fixing data mapping rules to map around the LTE CRS is not likely to be worth the implementation complexity and effort required to avoid CRS. Furthermore, it will result in some signaling overhead needed to indicate to the UE when such a mapping should be used and when it should not be. 

Observation: Mapping NR signals and channels around the LTE CRS patterns puts unnecessary constraints on NR design without providing benefits that overcome the disadvantage of such constraints.

From the various methods of coexistence of NR and LTE in the same band discussed above, it is apparent that it is beneficial for NR to be designed such that it can operate on a carrier when the carrier is not always available. Such constraints are interestingly similar in some cases to operation on carriers in unlicensed spectrum as well. The ability to operate under such constraints is significantly enhanced if NR design minimizes the need for signals that need to be transmitted regularly with high frequency, such as synchronization signals, and if NR design allows for operation even when fixed timing relationships are not feasible, e.g., HARQ feedback always following a transmission after a fixed gap between the original transmission and the feedback.

Proposal: NR should be designed such that it can operate on carriers that are not available continuously. Persistent transmission of signals with high frequency and inability to operate without fixed timing relationships should be avoided.

Finally, the agreement from RAN1#87 also discusses the inclusion in the NR design of at least one semi-statically assigned DL/UL transmission direction configuration that avoids DL/UL interference with at least one LTE TDD DL/UL configuration and special subframe configuration. The agreement also notes that DL/UL interference also can be avoided by using dynamically assigned DL/UL transmission direction in some cases. It should be noted that avoiding DL/UL interference can clearly be done dynamically in all cases without the need for defining a semi-static configuration although using a semi-static configuration could enable some reduction in overhead depending on the eventual design details. The agreement lists for further study, potential backhaul signaling between LTE and NR for interference coordination. The need for specification of any backhaul signaling over and above the means already used to coordinate TDD configurations within an operator’s network and between operators’ networks is not clear. 
Conclusions
We discussed the coexistence of LTE and NR in the same band in light of the agreements made in RAN1#87 and made the following observations and proposals.

Observation: Mapping NR signals and channels around the LTE CRS patterns puts unnecessary constraints on NR design without providing benefits that overcome the disadvantage of such constraints.

Proposal: A mini-slot (sub-slot) is characterized by
· May start at ‘any’ OFDM symbol
· Can have a length up to ‘slot duration – 1’ (i.e. 14-1=13 symbols or 7-1=6 symbols, depending on the configured slot duration)
· Ends at a slot boundary at the latest (at least in case of aggregation with subsequent slots)
· Can be aggregated by a subsequent slot (to allow for longer transmission durations in case of e.g. unlicensed spectrum)

Proposal: NR should be designed such that it can operate on carriers that are not available continuously. Persistent transmission of signals with high frequency and inability to operate without fixed timing relationships should be avoided.
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