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General
The possibility for efficient same-frequency-band co-existence with LTE is an important NR requirement. 
Co-existence should be possible with both LTE/FDD and LTE/TDD deployments. In the former case, the typical scenario would be an NR downlink transmission in the same frequency band as an LTE downlink carrier and an/or an NR uplink transmission in the same frequency band as an LTE uplink carrier. In the latter case, a typical scenario would be NR operating in TDD with downlink and uplink on the same carrier. 
LTE/NR co-existence within the same spectrum may be associated with LTE and NR being deployed with frequency-overlapping carriers (“co-carrier co-existence”) as well as frequency-adjacent non-overlapping carriers (“adjacent-carrier co-existence”). In terms of transmission constraints, adjacent-carrier co-existence can be seen as a subset of co-carrier co-existence. Co-existence on adjacent carriers essentially only requires a possibility for coordination to avoid downlink-to-uplink or uplink-to-downlink collisions between LTE and NR transmissions. On the other hand, co-carrier co-existence typically requires coordination to avoid also collisions between same-direction transmissions. We will here focus on the co-carrier co-existence scenario. 
UE awareness
Clearly, mechanisms for LTE/NR co-existence cannot rely on that a UE accessing an LTE carrier is aware of a co-existing NR carrier. To simplify specification, it is also desirable that the mechanisms enabling good LTE/NR co-existence as much as possible do not rely on that a UE accessing an NR carrier is aware of a co-existing LTE carrier. 
Observation: 	The mechanisms enabling good LTE/NR co-existence should as much as possible not rely on that a UE accessing an NR carrier is aware of a co-existing LTE carrier. 
Relation to forward compatibility
Forward compatibility has been stated as an important NR requirement. One aspect of forward compatibility is the possibility to extend an NR carrier with new waveforms and new transmission structures while still allowing legacy NR devices to access the carrier. Clearly, good NR/LTE co-existence is, in many ways, very similar to such forward compatibility. To avoid “special solutions” it is desirable to, to the extent possible, enable good LTE/NR co-existence by means of general forward-compatibility-related mechanisms rather than mechanisms specifically tied to the LTE/NR co-existence scenario.
Observation: 	NR/LTE co-existence should as much as possible rely on general forward-compatibility-related mechanisms rather than mechanisms specifically tied to the LTE/NR co-existence scenario
In the remainder of this paper we focus on downlink co-existence. Uplink co-existence is covered in a companion paper [1].
Downlink co-existence: 
Downlink co-existence is fundamentally about avoiding collision between LTE and NR transmissions. Such collision avoidance can be divided into different types
· Avoiding collision between dynamically scheduled NR and LTE transmissions
· Avoiding collision between scheduled NR transmissions and non-scheduled LTE transmissions
· Avoiding collision between non-scheduled NR transmissions and scheduled LTE transmissions
· Avoiding collision between non-scheduled NR and LTE transmissions
Avoiding collision between dynamically scheduled NR and LTE transmissions
Collision between dynamically scheduled NR and LTE data (PDSCH) transmissions can straightforwardly be avoided by means of scheduling decisions within each technology
· By means of NR scheduling decisions, dynamically scheduled NR transmissions can be made to avoid scheduled (as well as some non-scheduled, see below) LTE transmissions in the time and/or frequency domain.
· By means of LTE scheduling decisions, dynamically scheduled LTE transmissions can be made to avoid scheduled NR transmissions in the time and/or frequency domain.
In an NR/LTE co-existence scenario, NR may use 15 kHz numerology. However, NR/LTE co-existence should be possible also for other NR numerologies, e.g. 30 kHz and 60 kHz. In that case the scheduler decisions should simply create sufficient guardbands between frequency-multiplexed LTE and NR transmissions. 
Avoiding collision between scheduled NR transmissions and non-scheduled LTE transmissions
Avoiding collision between NR scheduled transmissions and LTE non-scheduled transmissions, including LTE downlink physical signals/channels related to initial cell selection and access (PSS/SSS/PBCH), LTE CRS and CSI-RS, and LTE downlink physical-layer control channels (PDCCH, PCFICH, and PHICH), is less straightforward.
· The non-scheduled LTE signals/channels are typically transmitted within specific resources that cannot be dynamically adjusted.
· The resources used for these transmissions are, in many cases, not well confined within a limited set of resource blocks
LTE PSS/SSS/PBCH jointly covers a relatively large part of the resource blocks in which they are transmitted. Collision between scheduled NR transmissions and LTE PSS/SSS/PBCH can therefore be relatively efficiently avoided by avoiding the corresponding resource blocks when scheduling NR transmissions. 
In contrast, CRS, CSI-RS and PDCCH/PCFICH/PHICH are confined to a small set of OFDM symbols within a subframe and, at the same time, are covers a large number of resources blocks in the frequency domain. 
In case of higher NR numerologies, corresponding to a slot length in the same order as at most a few LTE OFDM symbols, collision between these channels/signals and NR scheduled transmissions can still be avoided by means of slot-based NR scheduling. 
However, mini-slot transmission can be used to provide better scheduling granularity in the time domain, enabling more efficient NR/LTE co-carrier co-existence and forward compatibility, especially for lower numerologies. The following has already been agreed with regards to mini-slot transmission:
· Length:  	From 2 up to slot length – 1, mini-slot transmission of length 1 also to be supported at least 	for frequency bands above 6 GHz. 
· Starting position: Any OFDM symbol at least above 6 GHz, FFS below 6 GHz. 
While there may be reasons why the possibility for a one-symbol mini-slot transmission is more beneficial for higher frequency bands there does not seem to be any reason to limit the possibility for mini-slot transmissions to start at any OFDM symbol to frequency bands above 6 GHz. At the same time, allowing for transmissions to start at any OFDM symbol would further enhance mini-slot transmission as a tool for LTE/NR co-existence and forward compatibility in general. Separate from NR/LTE co-existence, allowing mini-slot transmissions to start an any OFDM symbol would also enable further reduced latency. Thus we make the following proposal: 
Proposal: Mini-slot transmissions can start at any OFDM symbol regardless of the frequency band
As a complement to mini-slot transmissions, the possibility to configure reserved resources should be supported as a tool for LTE/NR co-existence and forward compatibility in general. In the downlink, reserved resources essentially means that downlink NR transmissions should avoid certain configured resources (the “reserved resources”) and that the UE receiver is aware of this. 
However, there are still several open issues with regards to the detailed specification of reserved resources:
· Are reserved resources configured (only) by means of RRC signaling or can they also be more dynamically configured? 
· Are transmissions rate-matched around reserved resources or are transmissions corresponding to reserved resources punctured?
· What action is taken if reserved resources correspond to resources to which signals such as reference signals, L1 control channels, PSS/SSS/PBCH, etc. is mapped? Puncturing or rate-matching around such resources could obviously imply that the signals/channels are completely corrupted with no possibility for recovery.
· What is the the granularity of reserved resources in the time and frequency domain?
· With what periodicity is reserved resources configured?  
· How are reserved resources defined taking into account the possibility for multiple numerologies within a carrier?
Here we make proposals addressing some of these open issues: 
Proposal:	Reserved resources are configured by means of RRC signaling. More dynamic configuration of 	reserved resources is not supported in the first phase of NR. 
Proposal:	At least PDSCH transmissions are rate matched around reserved resources (assumes configuration by 	means of RRC signaling)
Proposal:	In the time-domain, granularity of reserved resources is one OFDM symbol. 
Proposal:	Reserved resources are configured with a periodicity of at least 10 ms
Remaining questions to be answered is then
· What action is taken if reserved resources corresponds to resources to which signals such as reference signals, L1 control channels, PSS/SSS/PBCH, etc. is mapped? 
· What is the the granularity of reserved resources in the frequency domain?
· How are reserved resources defined taking into account the possibility for multiple numerologies within a carrier?
Avoiding collision between non-scheduled NR transmissions and scheduled LTE transmissions 
Collision between NR non-scheduled transmissions and LTE scheduled transmissions can only be avoided by means of LTE scheduling decisions. To minimize the negative impact on LTE performance from such scheduling restrictions, the corresponding NR transmission should preferably be well confined in the time and frequency domain. Note that this is a property beneficial for general forward compatibility and not only for the LTE/NR co-existence scenario. However, in some cases this is obviously not in agreement with the purpose of the specific transmission. As an example, CSI-RS must often be transmitted over a relatively wide bandwidth to fulfill its purpose. In such a case, other actions may have to be taken such as puncturing LTE scheduled transmissions in the resources in question. 
Avoiding collision between non-scheduled NR and LTE transmissions
The possibility to avoid collision between non-scheduled NR and LTE transmissions cannot rely on NR scheduling decisions nor on LTE scheduling decisions. In order to minimize the risk for such collisions, NR non-scheduled transmissions should have a high degree of flexibility and configurability making it possible to avoid LTE non-scheduled transmissions by means of configuration. 
Proposals
The following is explicitly proposed to enhance the possibility for good NR/LTE co-existence and general NR forward compatibility: 
Proposal: Mini-slot transmissions can start at any OFDM symbol regardless of the frequency band
Proposal:	Reserved resources are configured by means of RRC signaling. More dynamic configuration of 	reserved resources is not supported in the first phase of NR.
[bookmark: _GoBack]Proposal:	At least PDSCH transmissions are rate matched around reserved resources (assumes configuration by 	means of RRC signaling)
Proposal:	In the time-domain, granularity of reserved resources should be one OFDM symbol. 
Proposal:	Reserved resources are configured with a periodicity of at least 10 ms
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