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[bookmark: _Ref492584551]Introduction
In this contribution, we discuss two aspects of NR and LTE coexistence. First, one of the agreed NR/LTE DC deployment scenarios has an NR SUL carrier in the low band but without a corresponding DL carrier in the same band. For such a deployment scenario, the SUL carrier needs to adjust the path loss in the low band to be able to operate power control properly for the SUL carrier. It is thus beneficial to have a solution that can be used to estimate the power adjustment for the path loss of the SUL carrier. Second, an important aspect for NR-LTE coexistence is for NR to be able to operate on the same frequency as LTE technologies. A key important aspect in the long run is to be able to coexist with LTE MTC and NB-IoT devices. It is foreseen that these devices will be available for a long time on the market. This has not yet been discussed within this agenda item and it would be good to discuss. We propose solutions to address these two issues.
[bookmark: _Ref178064866][bookmark: _GoBack]Power control for SUL without a DL carrier within the same band
In RAN1#AH_NR2, it was agreed that the NR UL coverage issue needs to be addressed for the following deployment scenarios [1], 
· Scenario #1: DC LTE @ Low Frequency (LF) + NR @ 3.5G
· Scenario #2: DC LTE@LF + NR@3.5G + NR@LF SUL with UL sharing
· Scenario #3: DC LTE@LF1 + NR@ multiple bands (e.g. LF2 and 3.5G)
Scenario #2 uses a supplementary UL carrier in a low frequency band with no corresponding DL NR carrier within the same band. One issue associated with operating such an SUL carrier is uplink power control.
To address the uplink power control issue, in RAN1#90, it was agreed that [2]
· Each UL carrier (including SUL) available for initial access has its own separate power control configuration.
· Power adjustment for SUL should be taken into account in the uplink power control
· The power adjustment for SUL can be used to compensate the difference between a pathloss estimate for the SUL frequency and the path loss estimated on the DL carrier where the UE receives the RMSI.
· Note: it may be possible to include the power adjustment in P0.
In this section, we discuss a solution that can be used to estimate the power adjustment for the path loss of the SUL carrier.
One issue with the scenario where there is no DL carrier within the same band as the SUL carrier is how power control is performed on the SUL carrier. The main problem is that the UE would need to have a reliable pathloss reference to be able to operate in the UL. There are a few methods that may be considered. One is that the UE measures pathloss at the correspond NR DL carrier. However, this NR carrier would be located in another band potentially multiple 1 GHz apart. Consequently, the pathloss will be different. It may also be difficult to compensate with a fixed offset. The reason is that propagation of the signaling maybe different on the different frequency bands. Another method would instead be that the UE uses the CRS from the associated LTE DL that is available in the same band as the NR UL. The UE would then be configured with the PCI and output power of the LTE DL carrier that is most suited as pathloss reference (typical the DL carrier that is paired with the UL carrier on the same frequency). Further, the UE could also be configured with the bandwidth of the LTE DL carrier to be able to perform RSRP measurement. The UE would be configured with this already to perform random access on the NR UL. The pathloss reference derived based on CRS can be used in determining the power adjustment for SUL.
Proposal 1:
· NR supports to have LTE CRS as pathloss reference
· For a given NR UL carrier at a given frequency UE is configured to use an LTE carrier CRS on a given frequency as pathloss reference
· The UE is configured with the PCI and the transmission power of the LTE carrier
· If the LTE carrier is TDD, the NR UE is further given the LTE UL/DL configuration to be able to identify the DL subframes
Reserved resources to support co-existence with LTE-MTC and NB-IoT
The concept of reserved resources can also be used to support NR co-carrier co-existence with LTE-MTC and NB-IoT. Simply speaking, NR resources overlapping with non-dynamically scheduled LTE-MTC 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 non-dynamically scheduled LTE-MTC and NB-IoT signals. 
Proposal 2: 	To enable efficient NR co-existence with LTE-MTC and NB-IoT, the NR specification should support the configuration of reserved resources with a structure that specifically matches non-dynamically scheduled LTE-MTC and NB-IoT transmissions.
In the sections below, we describe examples of configuration signalling that can be used to configure NR reserved resources with a structure that specifically matches non-dynamically scheduled LTE-MTC or NB-IoT transmissions.
3.1 Configuration of NR reserved resources with a structure matched to non-dynamically scheduled LTE-MTC signals
LTE-MTC non-dynamically scheduled signals include at least the signals listed below. Here, we separate them into two types, as they can be handled differently on an NR carrier.
Type 1: signals using sparse resource elements in time or frequency domain within an LTE PRB
· 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
· Other reference signals: SRS
Type 2: signals with allocation equal to one or more LTE PRBs and use close to all resource elements within the scheduled PRBs 
· Channels carrying System Information (i.e. SIB1, SIB1-BR, or other SI): PDSCH
· MBSFN
· Positioning reference signal: PRS
· Random access preamble: PRACH
First, Type 2 signals have allocation equal to one or more LTE PRBs. These signals can be handled by the NR scheduler, simply not scheduling an NR UE on the same resources. Among the Type 2 signals listed above, PRS requires justification as why it is classified as Type 2. The PRS in one cell only uses sparse resource elements in one PRB pair that contains PRS. However, different cells share different resource elements in a PRB pair. In practice, the resource elements used for PRS should be muted in neighboring cells to ensure the best positioning performance. Thus, in LTE, the PRB pairs that contain PRS are not scheduled for data. Thus, to ensure the best positioning performance NR should avoid using resource elements within an LTE PRB that contains PRS.
For the remainder of this section, we will mainly focus on the Type 1 signals listed above. In principle, the NR scheduler can also avoid scheduling an NR UE on the same resources used by these signals. However, since these signals only occupy a small portion of the allocated PRB(s), such an approach may compromise the spectral efficiency on the NR carrier. Note that LTE CRS could appear in all LTE PRBs and thus the avoidance of using all these LTE PRBs is not desirable.
All the Type 1 signals occupy specific resource elements that can be specifically located via time and frequency pointers. 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, hyper-frame, etc.) in the time dimension. Thus, to be able to help NR UEs locate the reserved resources tailored for matching non-dynamically scheduled LTE transmissions, it is necessary to point to the LTE PRBs in the frequency dimension and establish a relationship between reference points in time in NR and in LTE frame structures. For example, a reference point in time 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 signalled 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 such a timing offset to NR UEs.


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

To point to the LTE PRBs in the frequency dimension, the starting LTE PRB location in relation to, e.g., the lowest NR PRB can be signalled. In addition, the LTE bandwidth can be signalled. An illustration is given in Figure 2. Since an LTE carrier can have at most 100 PRBs, we foresee that such a signalling can be achieved using around 10 bits, e.g., 7 bits for signalling the lowest LTE PRB position and 3 bits for signalling LTE bandwidth.



Figure 2: Example of providing signaling pointing to LTE PRBs in the frequency domain.

By establishing the relationship between NR and LTE in the frequency and time dimensions, an NR UE can exactly locate LTE resource elements. For example, an NR UE can readily locate the reserved resources matched to LTE PSS (OFDM symbol #6 in every subframes #0 and #5 in the time domain, middle 6 PRBs in the frequency domain within the LTE carrier), SSS (OFDM symbol #5 in every subframes #0 and #5 in the time domain, middle 6 PRBs in the frequency domain within the LTE carrier), and PBCH (OFDM symbols#7, #8, #9, and #10 in every subframe #0 in the time domain, middle 6 PRBs in the frequency domain within the LTE carrier).
Observation 1: By establishing the relationship between NR and LTE in the frequency and time dimensions, an NR UE can exactly locate LTE-MTC resource elements.
Observation 2: To facilitate configuring NR reserved resources with a structure matched to non-dynamically scheduled LTE-MTC transmissions, it is advantageous to consider NR frame structure that has periodicity (e.g. H-SFN cycle or SFN cycle) that can be easily related to certain periodicity with the LTE frame structure (e.g. H-SFN cycle or SFN cycle).
The reserved resources matched other non-dynamically scheduled Type 1 LTE-MTC signals can be located with additional configuration signalling.
CRS: Number of CRS ports and LTE PCID can be provided to locate the resource elements used by LTE CRS. A solution that has been adopted for NB-IoT may be considered here. In the NB-IoT in-band mode, NB-IoT cell identity (PCID-NB) in a cell can be used to identify the subcarrier set used by LTE CRS. NR could adopt a similar rule and in that case there is no need to signal the LTE PCID to an NR UE. An NR UE can use the NR cell identity (PCID-NR) to identify the subcarrier set used by LTE CRS. LTE supports 1, 2 or 4 CRS ports. Thus, 2 bits may be needed to signal the number of CRS ports.
PDCCH, PCFICH, PHICH: This can be located by signalling the number of OFDM symbols used for LTE downlink control region. LTE supports 3 options of downlink control region configurations. Thus, 2 bits will be sufficient for such signalling.
SRS: SRS in LTE uses the last OFDM symbol in an uplink subframe. SRS is configured on both a UE and network generic basis. What is of interest here is the network specific configuration that has a periodicity of as short as every subframe. It would be sufficient here the mimic the LTE parameter srs-SubframeConfig which would correspond to 4 bits of signalling.
LTE-MTC invalid subframe bit map: LTE-MTC 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 LTE-MTC. For example, Cat-M1 and Cat-M2 UEs will not expect CRS in an invalid subframe. LTE-MTC invalid subframe bit map is 10 or 40 bits long.
Table 1 summarizes an initial estimate of the bits needed for configuring NR reserved resources with a structure matched to non-dynamically scheduled LTE-MTC transmissions. Overall, it is estimated that 30-70 bits are needed. 

Table 1: Initial estimate of the bits needed for configuring NR reserved resources with a structure matched to non-dynamically scheduled LTE-MTC transmissions.
	Reserved resource configuration
	Number of signalling bits

	Pointer to LTE PRBs in the frequency dimension
	~ 10 bits

	Offset between NR and LTE reference points in the time dimension
	May be omitted if NR frame structure can be used to infer the LTE frame structure

	CRS
	Minimum 2 bits

	PDCCH, PCFICH, PHICH
	2 bits

	SRS
	4 bits

	LTE-MTC invalid subframe bit map
	10 or 40 bits



3.2 Configuration of reserved resources with a structure matched to non-dynamically scheduled NB-IoT transmissions
Like the discussion in the previous section, we can separate non-dynamically scheduled NB-IoT transmissions into two types, as they can be dealt with differently on an NR carrier.
Type 1: signals using sparse resource elements in time or frequency domain within an NB-IoT PRB
· Common Reference Signal: NRS
Type 2: signals with allocation equal to one or more NB-IoT subframes and use close to all resource elements within the scheduled subframes
· Synchronization signals: NPSS/NSSS
· Channels carrying Master Information Block (i.e. MIB-NB): NPBCH
· Channels carrying System Information (SIB1-NB or other SI blocks): NPDSCH
· Other reference signals: NPRS
· NPRACH
Type 2 signals have durations equal to one or more NB-IoT subframes. These signals can be handled by the NR scheduler, simply not scheduling an NR UE on the same resources. 
As it turns out, only NRS resources need to be configured. To achieve such, the number of NRS ports and NB-IoT PCID can be provided to locate the resource elements used by NRS. One solution is to establish a relationship between NB-IoT PCID and NR PCID in such a way that NR PCID can be used to identify the subcarrier set used by NRS. The number of NRS ports can be either 1 or 2. Thus, 1 bit may be needed to signal the number of NRS ports.
Additionally, the NB-IoT carrier location in the frequency dimension needs to be signalled. Considering there are at most 100 PRBs if the FFT size is restricted to be no higher than 2048, 7 bits for such signalling pointing to one NB-IoT carrier should be adequate. Furthermore, signalling is needed to establish relationship between NR and NB-IoT frame structure. As mentioned earlier if NR frame structure can be used to infer the NB-IoT frame structure, such signalling may be reduced or even omitted.
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. For example, there is no need to reserve NRS resources in these subframes. NB-IoT invalid subframe bit map is either 10-bit or 40-bit long.
Table 2 provide a summary of the discussion above. Significant reduction can be achieved if NB-IoT invalid subframe bit map is restricted to 10-bit long in the co-carrier deployment scenario.

Table 2: Initial estimate of the bits needed for configuring NR reserved resources with a structure matched to NB-IoT critical signals.
	Reserved resource configuration
	Number of signaling bits

	Pointer to NB-IoT PRBs in the frequency dimension
	~ 7 bits per NB-IoT carrier

	Offset between NR and NB-IoT reference points in the time dimension
	May be omitted if NR frame structure can be used to infer the LTE frame structure

	NRS
	1 bit

	NB-IoT invalid subframe bit map
	10 or 40 bits



3.3 Configuration signalling
The signalling for configuring NR reserved resources for the purpose of LTE-MTC and NB-IoT co-existence can be either provided in the system information (SI) or in the RRC signalling. A hybrid approach with some information provided in the SI and some additional ones provided in RRC signalling may also be considered.
Conclusion
In this contribution, we discuss two aspects of NR and LTE coexistence. First, one of the agreed NR/LTE DC deployment scenarios has an NR SUL carrier in the low band but without a corresponding DL carrier in the same band. For such a deployment scenario, the SUL carrier needs to estimate the path loss in the low band to be able to perform power control. Second, an important aspect for NR-LTE coexistence is for NR to be able to operate on the same frequency as LTE technologies. A key important aspect in the long run is to be able to coexist with LTE MTC and NB-IoT devices. We propose solutions to address these two issues. Our proposals and observations are summarized as follows.
Proposal 1:
· NR supports to have LTE CRS as pathloss reference
· For a given NR UL carrier at a given frequency UE is configured to use an LTE carrier CRS on a given frequency as pathloss reference
· The UE is configured with the PCI and the transmission power of the LTE carrier
· If the LTE carrier is TDD, the NR UE is further given the LTE UL/DL configuration to be able to identify the DL subframes
Proposal 2: 	To enable efficient NR co-existence with LTE-MTC and NB-IoT, the NR specification should support the configuration of reserved resources with a structure that specifically matches non-dynamically scheduled LTE-MTC and NB-IoT transmissions.

Observation 1: By establishing the relationship between NR and LTE in the frequency and time dimensions, an NR UE can exactly locate LTE-MTC resource elements.
Observation 2: To facilitate configuring NR reserved resources with a structure matched to non-dynamically scheduled LTE-MTC transmissions, it is advantageous to consider NR frame structure that has periodicity (e.g. H-SFN cycle or SFN cycle) that can be easily related to certain periodicity with the LTE frame structure (e.g. H-SFN cycle or SFN cycle).
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