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1 Introduction

In RAN #87, the following were agreed on LTE-NR coexistence [1]:
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
This contribution discusses FFS aspects from the above agreements for LTE-NR coexistence in the DL.
2 Co-existence of LTE and NR in a same spectrum
LTE features for LTE-NR coexistence in a same frequency spectrum are discussed considering respective aspects from the agreement in RAN1#87:
LTE MBSFN subframe
	· 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


When certain MBSFN subframes are considered for time domain multiplexing between LTE and NR, NR UEs need to know from which time instance (corresponding to starting points of those MBSFN subframes) NR transmission starts in order to avoid unnecessary blind monitoring of starting point of NR transmission. There are two alternatives to indicate the starting points. The first alternative is to indicate an exact starting position and a duration for NR transmission when MBSFN subframes are utilized for NR transmission as in Figure 1 which shows one example of the first alternative. In other words, except for a non-MBSFN region consisting of 1 or 2 OFDM symbols for LTE transmission, a starting position and a duration for an MBSFN region are indicated to NR UEs. It is noted that in TDD, if UL subframes as well as MBSFN subframes are considered for NR DL transmission, different starting position and duration between MBSFN and UL subframes can be indicated to NR UEs because 14 OFDM symbols can be fully utilized in UL subframes compared to MBSFN subframes. In this alternative, partial slot structures corresponding to the MBSFN region need to be specified depending on the number of OFDM symbols in the MBSFN region.
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Figure 1: An example of the first alternative
The second alternative is to indicate a starting position of an MBSFN subframe instead of the exact starting position considering both non-MBSFN region and an MBSFN region. In this alternative, the mini-slot concept may be introduced to skip NR operation in the non-MBSFN region by gNB implementation. For alternative 2, two options can be considered. Figure 2 shows an example of option (a) in the second alternative. Option (a) is to apply mini-slot configuration through a whole MBSFN subframe. In this option, only NR UEs supporting mini-slot can be scheduled in the MBSFN subframe. Also, although the UEs cannot be scheduled in the first mini-slot corresponding to the non-MBSFN region, the UEs can monitor DL control channel transmissions for the first mini-slot. In addition, NR UEs not capable of mini-slot scheduling cannot be scheduled after the non-MBSFN region and need to wait until a next available slot. 
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Figure 2: An example of option (a) in the second alternative

Figure 3 shows an example of option (b) in the second alternative. Option (b) is to multiplex mini-slot and slot based transmissions in order to support NR UEs capable of slot based transmission. This option is similar approach as pre-empted resource for slot based transmission by mini-slot based transmission. However, by this approach, there is no way to transmit NR DL control channels and relevant NR RSs for slot based transmission if those channels and signals are placed on non-MBSFN region.
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Figure 3: An example of option (b) in the second alternative
Proposal 1: Support indication of starting OFDM symbol and duration for NR transmissions to NR UEs for coexistence with LTE.
LTE carrier aggregation 
	· NR design supports adapting the bandwidth occupied by NR carrier(s) at least as fast as LTE carrier aggregation schemes

· FFS: Detailed design


Assuming that an NR cell and an LTE cell are served by separate carriers, activation/de-activation in Rel-10 CA can be one candidate to enable LTE-NR coexistence on multiple LTE carriers. Depending on the traffic demands, LTE and NR transmissions on each carrier can be adaptively turned ON or OFF. For example, if NR traffic demand is higher than that of LTE, NR transmission can be activated while LTE transmission on the same carrier is deactivated.
Proposal 2: Rel-10 activation/deactivation of a carrier is a baseline for NR transmission in LTE-NR coexistence.
LTE normal DL subframe
In RAN1 #87, use of LTE DL normal subframes was proposed for LTE-NR coexistence and the following was agreed:
	· 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
· FFS: Mapping NR signals and channels around the LTE CRS patterns


NR transmission is allowed on OFDM symbols not carrying CRS in a LTE DL subframe while CRS transmission is unaffected in the LTE DL subframe. To avoid an impact on NR operation by CRS transmission, mini-slot based transmission can be considered for NR UEs capable of mini-slot scheduling. For example, mini-slot based transmission consisting of 1 OFDM symbol can be configured for NR UEs capable of mini-slot. In this case, the impact from CRS transmission can be minimized at the cost of unnecessary blind decoding for DL control monitoring in OFDM symbols carrying CRS unless NR UEs can understand LTE configurations and therefore understand the CRS presence or, with equivalent functionality, if OFDM symbols carrying CRS can be configured as reserved resources. Note that reserved resources will need to be indicated at OFDM symbol level.

Slot-based transmission for NR may involve more complicated operations but can provide more efficient operation (e.g. support for larger TBS, less RS/control overhead, etc.) than mini-slot based transmission. For example, NR channels and signals need to be time domain multiplexed with OFDM symbols carrying LTE CRS at the OFDM symbol level which can lead to increased gNB/UE operational complexity (e.g. rate-matching or puncturing in case NR UEs can understand CRS presence or have respective resources configured as reserved resources). 
Proposal 3: Further discuss NR transmission in normal LTE DL subframes in terms of required configuration, performance, and specification impact.
PRB-level resource allocation
	· 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


At least, in case MBSFN subframes are utilized for LTE-NR coexistence, frequency domain multiplexing between LTE and NR can be achieved. For example, for LTE Rel-10 and above, NR DL transmissions can be multiplexed in the frequency domain on MBSFN subframes with LTE transmissions using TM9 or TM10. In principle, these would be possible if NR specification supports maintaining frequency domain orthogonality between LTE and NR and indicating frequency resources in a PRB level or multi-PRB level for NR operations.
Proposal 4: Consider a PRB level or multi-PRB level frequency resource indication for NR operation.
3 Co-existence of LTE and NR in an adjacent spectrum
	· 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


As captured above, for LTE-NR coexistence in an adjacent spectrum, it was agreed to design at least one semi-statically assigned DL/UL transmission direction configuration for NR in order to avoid DL/UL interference with at least one LTE TDD DL/UL configuration and special subframe configuration. Therefore, in case of geographically separated scenario, the information on at least a TDD DL/UL configuration selected for LTE-NR coexistence may be exchanged between LTE and NR.
Proposal 5: Consider backhaul signaling on at least a TDD DL/UL configuration selected for LTE-NR coexistence.
4 Conclusions 

This contribution discusses FFS aspects from last RAN1 agreement for LTE-NR coexistence in the DL and then proposes the following depending on the discussion:
Proposal 1: Support indication of starting OFDM symbol and duration for NR transmissions to NR UEs for coexistence with LTE.

Proposal 2: Rel-10 activation/deactivation of a carrier is a baseline for NR transmission in LTE-NR coexistence.
Proposal 3: Further discuss NR transmission in normal LTE DL subframes in terms of required configuration, performance, and specification impact.
Proposal 4: Consider a PRB level or multi-PRB level frequency resource indication for NR operation.
Proposal 5: Consider backhaul signaling on at least a TDD DL/UL configuration selected for LTE-NR coexistence.
References:
[1] RAN1 Chairman’s note, 3GPP TSG RAN WG1 Meeting#87, Reno, USA, November, 2016
PAGE  
5

