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Introduction
In the RAN1 #87a meeting, NR LTE adjacent channel coexistence has been discussed with the following agreements [1].
Agreements:
· NR supports efficient adjacent channel co-existence with LTE-TDD using UL-DL configurations 0,1,2,3,4,5 in unpaired spectrum  
· FFS detailed mechanism
· NR supports efficient adjacent channel co-existence with LTE-TDD using all the special subframe configurations in unpaired spectrum
· Notes:
· The above bullets does not necessarily imply that two or more frame structures are to be defined for NR
· The wording “efficient” in the above two bullets does not imply exact alignment of configurations
· RAN1 has agreed the following
· 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

In this contribution, we analyze requirements for efficient adjacent channel NR LTE co-existence. 
Motivation for NR LTE Adjacent Channel 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. 
[bookmark: _GoBack]On the other hand, there is also a need to gradually migrate existing LTE spectrum resources to NR as device penetration increases. Meanwhile, operators may also have spectrum limitations in terms of NR deployment. Those factors 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 operations are, ideally, not impacted by the introduction of NR. However, the NR design must not become too complicated in order to allow for coexistence with LTE. Allowing very dynamic NR and LTE coexistence will not only complicate the NR design and cause unnecessary work load to the initial NR standard release, but more importantly, it can also significantly impact the NR performance in terms of latency, traffic adaptation, etc. Meanwhile, the need for the coexistence mechanisms will likely diminish over time as legacy services get replaced with the newer services.
NR LTE Adjacent Channel Coexistence Requirements
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 transmissions. 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 case of NR and LTE using different subcarrier spacing, additional guard band may be needed to limit adjacent channel interference.
In the case of TDD deployments, one of the main causes of concern is cross interference between NR and LTE. 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 efficient NR LTE adjacent channel/band coexistence, NR slot structure can be configured in a manner that the direction of transmission is aligned with the LTE network. This type of co-existence would be required not only within the same operator, but also across different operators that operate in adjacent spectrum. 
Alignment of transmission direction between LTE and NR does not impact the LTE timeline, therefore does not degrade LTE latency. On the other hand, NR operation is somewhat restricted to match the LTE direction. Therefore, the NR latency performance may not be on par with a Greenfield NR deployment utilizing short slot duration, or even self-contained slot structure. 
NR Slot Structure
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 (SSF) configuration. Earlier RAN1 agreement was to ensure efficient coexistence with TDD configurations 0,1,2,3,4 and 5 as well as all possible special subframe configurations [1]. 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 DL-only NR slots (with no uplink symbols) can be aligned with an LTE D subframe. Similarly, one or more UL-only NR slots (with no downlink symbols) can be aligned with an LTE U subframe (Figure 1). 
Proposal 1: NR DL-only and UL-only slot structures are needed for NR TDD operation to align with LTE transmission direction for efficient NR-LTE adjacent channel co-existence.


[bookmark: _Ref477867511]Figure 1: One or more NR slots aligned with each LTE subframe
Alignment with various LTE special subframe (SSF) configurations may require DL-only and/or UL-only slots with various gap lengths and/or self-contained slots with both DL and UL symbols. Two examples are shown below in Figure 2 for LTE SSF configurations 5 and 7. The slot format together with the required gap duration can be signalled to the UE in DL control. It is important to note that slot format can be signalled either using group common PDCCH or UE specific PDCCH. In case UE specific PDCCH is used, if a particular slot does not contain any DL control symbols, the slot structure would need to be communicated to the UEs in a previous slot which has DL control symbols. Dynamic signalling of the slot structure is also beneficial for forward compatibility when certain resources have to be blanked. Given that the LTE configuration is static, the slot format pattern for NR can also be semi-statically configured through system information or L3 signalling. 
Proposal 2: In additional to the slot format, gap duration can be dynamically signalled to the UEs, enabling better alignment with the various LTE special subframe configurations. 



[bookmark: _Ref477867709]Figure 2: NR slots aligned with LTE special subframe
Introduction of UL-only NR slots for TDD operation requires UL scheduling information to be sent in prior slots that contain DL control symbols. A flexible approach would be to signal the timing relationship between UL assignment in slot N and the corresponding uplink data transmission in slot N+K2 together with the grant. If we restrict the focus on NR-LTE co-existence, the LTE TDD and SSF configurations are mostly static. Alternatively, the pattern for the UL grant/UL transmission timing can be communicated as part of system information or L3 signalling.
Proposal 3: Consider following options for indicating the timing relationship between an UL grant and the corresponding UL transmission:
· Control information as part of the UL grant
· Pattern included in system information or L3 signalling

There will also be many consecutive DL-only NR slots in order to match the downlink LTE symbols (Figure 1). The corresponding ACK/NACK bits would need to be multiplexed or bundled and mapped to certain UL control instances. The timing relationship between DL data reception in slot N and corresponding acknowledgment in slot N+K1 would also need to be specified. One option is to dynamically signal this through DL control, which would also be beneficial in terms of forward compatibility. Another option is to communicate this as part of system information or L3 signalling.
Proposal 4: Consider following options for indicating the timing relationship between a DL data reception and the corresponding HARQ feedback:
· Control information as part of the DL grant
· Pattern included in system information or L3 signalling

Similarly, we also need to consider the ACK/NAK timing for the UL data reception, i.e. the timing relationship between an UL data reception and the corresponding HARQ feedback. 
Proposal 5: Consider following options for indicating the timing relationship between a UL data reception and the corresponding HARQ feedback:
· Control information as part of the DL grant
· Pattern included in system information or L3 signalling
Conclusions
In this contribution, we focus on the NR design requirements in order to coexist with adjacent channel LTE under unpaired spectrum TDD deployment. Our proposals are summarized as follows:
Proposal 1: NR DL-only and UL-only slot structures are needed for NR TDD operation to align with LTE transmission direction for efficient NR-LTE adjacent channel co-existence.
Proposal 2: In additional to the slot format, gap duration can be dynamically signalled to the UEs, enabling better alignment with the various LTE special subframe configurations. 
Proposal 3: Consider following options for indicating the timing relationship between an UL grant and the corresponding UL transmission:
· Control information as part of the UL grant
· Pattern included in system information or L3 signalling

Proposal 4: Consider following options for indicating the timing relationship between a DL data reception and the corresponding HARQ feedback:
· Control information as part of the DL grant
· Pattern included in system information or L3 signalling

Proposal 5: Consider following options for indicating the timing relationship between a UL data reception and the corresponding HARQ feedback:
· Control information as part of the DL grant
· Pattern included in system information or L3 signalling
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