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Discussion
[bookmark: _GoBack]The possibility for efficient same-frequency-band co-existence with LTE as well as with NB-IoT is an important NR requirement. LTE MTC and NB-IoT devices are expected to remain in the networks for many years. Efficient coexistence between NR, LTE, and NB-IoT gives rise to flexible network and spectrum migration possibilities toward NR.
LTE/NB-IoT co-existence with NR within the same spectrum may be realized with LTE/NB-IoT and NR being deployed with frequency-overlapping carriers (“co-carrier co-existence”) as well as frequency-adjacent non-overlapping carriers (“adjacent-carrier co-existence”). We will here focus on the co-carrier co-existence scenario. 
A key thing needed to ensure good co-existence between NR and LTE/NB-IoT is the possibility for NR downlink transmissions to avoid resources used by non-dynamically scheduled LTE/NB-IoT downlink transmission. Such transmissions include at least
· Synchronization signals: PSS/SSS, NPSS/NSSS
· Channels carrying Master Information Block (i.e. MIB, MIB-NB): PBCH, NPBCH
· Common reference signals: CRS, NRS
· Channels carrying downlink control information: PDCCH, PCFICH, PHICH
· Channels carrying System Information Block 1 (i.e. SIB1, SIB1-BR, SIB1-NB): PDSCH, NPDSCH
· Other reference signals: CSI-RS, PRS, NPRS
Reserved resources
It has already been decided that NR should support reserved resources as a tool to enable general forward compatibility. A reserved resource is a set of NR resource elements configured to be non-transmitted, thus being possible to use for transmissions introduced in later releases without breaking backwards compatibility. Although the exact definition of reserved resources is not defined yet, one straightforward approach is that NR UEs treat resource elements configured reserved resources as punctured, alternatively rate-matched around. 
Most NR resources can in principle be configured as reserve reserved resources. The exception is resources used for signals that a UE must receive before reserved resources can be configured. Assuming that information about reserved resources can be included as part of the minimum system information, this would mean that all resources are potential reserved resources except the resources used for SSBlock and the minimum system information.  
In practice, for signaling reasons, reserved resources targeting forward compatibility must have a rather simple and generic structure. One could, for example envision a single OFDM symbol and/or a continuous time/frequency block of a certain size as a fundamental unit for a configured reserved resource.
Reserved resources to support co-existence with LTE and NB-IoT
The concept of reserved resources can also be used to support NR co-carrier co-existence with LTE and NB-IoT. Simply speaking, NR resources overlapping with critical LTE and NB-IoT transmissions could be configured as reserved resources, thus allowing for blanking such resources without confusing NR UEs. 
In principle this could be achieved by utilizing generic reserved resources. However, assuming such generic reserved resources have limited flexibility, this may not be the most efficient approach. As an example, in case generic reserved resources can only be configured on a per-OFDM-symbol basis, avoiding LTE CRS would mean that an entire NR OFDM symbol would have to be reserved even though only a subset of the resource elements within that symbol coincides with LTE CRS. 
Higher efficiency could be achieved if it would be possible to configure reserved resources with specific time/frequency structures matching critical LTE and NB-IoT, signals. 
Proposal 1: 	To enable efficient NR co-existence with LTE and NB-IoT, the NR specification should support the configuration of reserved resources with a structure that specifically matches critical LTE and NB-IoT downlink signals.
We describe examples of configuration signaling that can be used to configure reserved resources with a structure that specifically matches critical LTE or NB-IoT downlink signals.

Configuration of reserved resources with a structure matches to LTE critical downlink signals
LTE critical downlink signals include at least
· Synchronization signals: PSS/SSS
· Channels carrying Master Information Block (i.e. MIB): PBCH
· Common Reference Signal: CRS
· Channels carrying downlink control information: PDCCH, PCFICH, PHICH
· Channels carrying System Information Block 1 (i.e. SIB1, SIB1-BR): PDSCH
· MBSFN
· Other reference signals: CSI-RS, PRS
These signals occupy specific resource elements that can be specifically located by time and frequency indexing. NR will have its own frequency and time indexing structure, e.g. PRB and subcarrier numbering in the frequency dimension and frame structure (slot, subframe, frame, etc) in the time dimension. Thus, to be able to help NR UEs locate the reserved resources tailored for LTE, it is necessary to point to the LTE PRBs in the frequency dimension and establish a relationship between a reference point in time in NR and that in LTE. For example, a reference point may be the beginning of a hyper system frame number (H-SFN) cycle in both systems. It is convenient that if such reference points share the same periodicity or their periodicities have an integer relationship. An illustration is given in Figure 1, in which a timing offset is signaled to NR UEs to help establish the relationship between NR and LTE frame structures. Note that if NR deliberately time-align, the starting point of H-SFN with that of LTE and if the H-SFN cycles are of the same duration in both systems, it may not be necessary to signal the timing offset to NR UEs.


Figure 1: Example of establishing the relationship between NR and LTE frame structures.

LTE supports normal cyclic prefix (CP) and extended CP, and the locations of OFDM symbols in the time dimension depend on the CP duration. Thus, by establishing the relationship in the frequency and time dimensions and signaling the LTE CP length, a NR UE can locate exactly locate LTE resource elements. As a result, a NR UE can readily locate the reserved resources matched to LTE PSS, SSS, and PBCH.
The reserved resources matched other critical LTE downlink signals can be located with additional configuration signaling.
CRS: Number of CRS ports and LTE PCID can be provided to locate the resource elements used by LTE CRS. 
PDCCH, PCFICH, PHICH: This can be located by signaling the number of OFDM symbols used for LTE downlink control region.
SIB1, SIB1-BR: The scheduling information of SIB1 and SIB1-BR can be provided.
MBSFN: LTE subframes #2, #3, #4, #6, #7, or #8 may be configured as MBSFN, which has a different slot format compared to non-MBSFN subframes. Information about which LTE subframes can be signaled.
CSI-RS, PRS: LTE already supports configuration signaling to help an LTE UE configure these additional reference signals. The same configuration signaling can be provided to a NR UE.
LTE MTC can designate certain subframes as invalid subframes. When a subframe is designated as an invalid subframe and when only LTE MTC is supported, the invalid subframes can be excluded from the reserved resources as these radio resources are not used by LTE MTC.

Configuration of reserved resources with a structure matches to NB-IoT critical downlink signals
NB-IoT critical downlink signals include at least
-	Synchronization signals: NPSS/NSSS
-	Channels carrying Master Information Block (i.e. MIB-NB): NPBCH
-	Common Reference Signal: NRS
-	Channels carrying System Information Block 1 (SIB1-NB): NPDSCH
-	Other reference signals: NPRS

A similar approach as that described above for LTE can be used to configure reserved resources tailored for NB-IoT critical downlink signals. 
First, signaling is provided to locate the NB-IoT PRB and establish reference point in the NB-IoT frame structure. Once this is established, resources taken by NPSS, NSSS, and NPBCH can be located. Note that NB-IoT only supports normal CP, and thus the information about CP length is not needed.
The reserved resources matched other critical NB-IoT downlink signals can be located with additional configuration signaling.
NRS: Number of NRS ports and NB-IoT PCID can be provided to locate the resource elements used by NRS. 
SIB1-NB: The scheduling information of SIB1-NB can be provided. The number of repetitions and PCID are used together to determine which radio frames containing SIB1-NB transmissions. The radio frames that contain SIB1-NB transmissions use subframe #4 to transmit SIB1-NB.
NPRS: NB-IoT already supports configuration signaling to help a NB-IoT UE configure NPRS. The same configuration signaling can be provided to a NR UE.
NB-IoT can designate certain subframes as invalid subframes. When a subframe is designated as an invalid subframe, it can be excluded from the reserved resources as these radio resources are not used by NB-IoT.




Conclusion
In this contribution we propose describe examples of configuration signaling that can be used to configure NR reserved resources with a structure that specifically matches critical LTE or NB-IoT downlink signals. This enables efficient NR co-existence with LTE and NB-IoT. We make the proposal as follows.
Proposal: 	To enable efficient NR co-existence with LTE and NB-IoT, the NR specification should support the configuration of reserved resources with a structure that specifically matches critical LTE and NB-IoT downlink signals.
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