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1.
Introduction

The revised WID on Additional MTC enhancements for LTE was approved at TSG RAN #83 [1] updating the objective on coexistence with NR as follows: 

Coexistence with NR:
· Study aspects of LTE-MTC coexistence with NR [RAN4, RAN1, RAN2]
· For LTE-MTC in-band operation co-existence with NR, RAN4 will investigate the following:

· 15 kHz, 30 kHz, and 60 kHz numerologies for NR FR1 bands, with higher priority given first to 15 kHz and then to 30 kHz

· Study feasible LTE-MTC placement allocation without RF backward compatibility impact and compatible with Rel-13 LTE-MTC and Rel-15 NR, to operate simultaneously within various NR channel bandwidths

· Channel raster, PRB and subcarrier grid alignment between LTE-MTC and NR

· Synchronization issue between LTE-MTC and NR, including timing advance

· Frequency band support in LTE-MTC and NR

· Testability applicability
· Compatibility for Rel-15 NR and Rel-13/14/15 LTE-MTC

· The case of NR configured with 15 kHz SS block SCS and the case of 30 kHz SS block SCS as specified in 38.101-1 are included in the study.

Note: After RAN1 concludes the objective on R16 LTE-MTC coexistence aspects, evaluate coexistence between R15 NR and R16 LTE-MTC.
This contribution refers to discussions at RAN4 #90-Bis and provides our views on some of the above listed aspects.  
2.
Discussion 

RAN #83 has taken the decision that LTE-MTC deployment mode in coexistence scenarios with NR is dedicated to in-band operation. Thus, guard band operation and standalone operation are excluded from the study. SC spacing of 15 kHz is prioritized over 30 kHz and 60 kHz in NR FR1 bands. Thus, this contribution deals with 15 kHz SCS only. 
2.1 Channel Raster 

Two types of channel raster are specified for NR in FR1, namely the E-UTRA 100kHz based and the SCS based channel raster depending on the operating bands. Table 1 below is an extract of [2] and specifies the supported channel raster per NR operating band supporting coexistence with LTE-MTC.
	NR operating band
	Duplex Mode
	Channel raster(kHz)
	Max NR CBW (MHz)
	Support of eMTC
	Support of 7.5 kHz shift

	n1
	FDD
	100
	20
	yes
	yes

	n2
	FDD
	100
	20
	yes
	yes

	n3
	FDD
	100
	30
	yes
	yes

	n5
	FDD
	100
	20
	yes
	yes

	n7
	FDD
	100
	20
	yes
	yes

	n8
	FDD
	100
	20
	yes
	yes

	n12
	FDD
	100
	20
	yes
	yes

	n20
	FDD
	100
	20
	yes
	yes

	n25
	FDD
	100
	20
	yes
	yes

	n28
	FDD
	100
	20
	yes
	yes

	n39
	TDD
	100
	40
	yes
	

	n40
	TDD
	100
	100
	yes
	

	n41
	TDD
	15/30
	100
	yes
	

	n66
	FDD
	100
	40
	yes
	yes

	n71
	FDD
	100
	20
	yes
	yes

	n74
	FDD
	100
	20
	yes
	yes


Table 1: NR operating bands supporting LTE-MTC coexistence in Rel-15 [2]
The channel raster for all FDD operating bands and two TDD operating bands is 100 kHz, only for one TDD band (n41) the channel raster is SCS based. Thus, the case of E-UTRA 100kHz based channel raster is considered with priority.
Proposal 1: The case of E-UTRA 100kHz based channel raster is considered with priority vs. SCS based channel raster. 
2.2 Subcarrier Grid Alignment 

In order to keep orthogonality in the DL and mitigate inter-symbol interference, subcarrier grid alignment between LTE-MTC in-band transmission and NR transmission is required. Considering 15 kHz SCS and in-band operation of LTE-MTC, subcarrier grid alignment is achieved if the channel raster for NR and LTE coincides with the subcarrier grid. 
For DL, the LTE EARFCN corresponds to the DC carrier, whilst for NR the NR ARFCN corresponds to RE0 of the next upper PRB adjacent to the centre of the carrier bandwidth. 

For NR bands using 100kHz based channel raster, the LTE in-band carrier (i.e. the EARFCN) must be placed onto frequency locations with an offset of the least common multiple between 100 kHz and 15 kHz to the centre of the NR carrier, which is 300 kHz or a multiple thereof. Several possible locations for EARFCN exist depending on the NR system bandwidth. For instance, in [3] 15 positions are determined for the EARFCN of a 5 MHz LTE-M in-band carrier hosted by a 10 MHz NR carrier to satisfy the requirement of subcarrier alignment. Spectrum efficient coexistence between NR and LTE-MTC traffic also considers avoiding the overlap of SSB and 6 centre PRBs of LTE-MTC in the frequency domain as well as possible resource block alignment, discussed in the next sections.    
For UL, the LTE EARFCN on the 100 kHz channel raster is between two subcarrier frequencies, whilst for NR ARFCN the same applies as for DL. Thus, a shift of 7.5 kHz is needed for NR on UL to align the subcarrier grid with LTE on UL. This shift is available for NR FDD, but not available for NR TDD. As this issue is present independent of the channel raster (i.e. for 100 kHz as for SCS based), all three TDD operating bands n39, n40 and n41 should be included in the investigation, taking into account UE impacts and the backward compatibility issue. 
Proposal 2: It is proposed to investigate the feasibility of an optional 7.5 kHz UL frequency shift for NR TDD operating bands n39, n40 and n41, taking into account UE impacts and the backward compatibility issue, in order to enable full subcarrier grid alignment as for FDD systems. 

2.3 Resource block alignment and multiplexing
For coexistence, PRB alignment between NR and LTE-MTC in-band transmission has been discussed in [4], [5] and [6] at RAN4 #90-Bis. 

· A distinction is made in [4] for LTE-MTC between the in-band allocation of a LTE narrow band with 6 centre PRBs and the allocation of a LTE narrow band with non-centre 6 PRBs, leading for FDM in the first case to 7 PRBs which need to be reserved in the NR transmission for LTE-MTC and in the second case to 6 PRBs under the condition of subcarrier grid alignment, i.e. resource block alignment is achieved in the latter case.
· In [5] PRB alignment has been considered for in-band allocation of a LTE narrow band with 6 centre PRBs and the reservation of 7 PRBs in the NR transmission for LTE-MTC was concluded for FDM. 
· In [6] simultaneous operation of LTE-MTC and NR is investigated. Different options for alignment of dynamic signals are considered based on TDM, such as configuring invalid subframes for LTE-MTC to reserve resource for NR, rate matching for NR around the LTE PDSCH region or configuring MBSFN subframes, which are ignored by LTE-MTC devices and thus can be used to transmit the SSB signal. 
Proposal 3: It is proposed to study both FDM and TDM based coexistence and document these approaches in the TR. 
2.4 Overlapping with NR and LTE-M carrier configurations
For coexistence between NR and LTE-MTC in-band operation using FDM, the overlapping between the SSB signal occupying 20 PRBs and the middle 6 PRBs of the LTE bandwidth carrying LTE PSS and NSS as well as PBCH channel needs to be avoided, since these signals are always active and thus generate interference to the coexisting system.
For NR system bandwidth of 5 MHz and SCS=15 kHz, 25 PRBs can be allocated. The SSB signal occupies 20 PRBs (3,6 MHz) leaving only 5 PRBs (0.9 MHz), which is too small for allocating 6 centre PRBs for LTE using FDM. Thus, for NR system bandwidth of 5 MHz, only TDM based co-existence is possible as considered in [6] and this case should be documented in the TR.
For NR system bandwidth of 10 MHz and SCS=15 kHz, 52 NR PRBs are allocated. The SSB signal occupies 20 PRBs (3,6 MHz) leaving an allocation of at least 15 PRBs on one side of the SSB to place the middle 6 LTE PRBs, not considering the outer PRB to keep the 5% guard band for LTE [3]. The exact number of available PRBs for LTE-M depends on the NR sync raster and the NR carrier frequency. 

For NR system bandwidth of 15 MHz or 20 MHz, there is increased flexibility to place the middle 6 LTE PRBs or 6 PRBs of an LTE-M narrowband as well as a 5 MHz LTE carrier, avoiding SSB overlap. 
The consideration on the overlap with NR SSB depends on the LTE-M carrier configuration. Different configurations may be distinguished:

1) in-band LTE-M carrier occupying 6 PRBs with DC carrier (required for initial system access of LTE-M device)

2) combination of in-band LTE-M carrier occupying 6 PRBs with DC carrier and LTE narrowband of 6 PRBs within 5 MHz bandwidth
3) in-band LTE-M carrier occupying 25 PRBs (equals in-band normal LTE carrier)

Proposal 4: It is proposed to study three LTE-M carrier configurations (6 PRBs with DC, combination of 6 PRBs with DC and LTE-M NB with 6 PRBs within 5 MHz bandwidth, 5 MHz carrier). The priorities should be discussed.
2.5 Power boosting for LTE-MTC
Power boosting is used for LTE-MTC Rel-15 (for MWUS) allowing a maximum power boost of 4.8 dB and is also under discussion in RAN1 for LTE-MTC Rel-16 enhancements such as group MWUS where up to 2 orthogonal WUS resources configured in frequency domain are currently studied. Thus, impacts from power boosting applied to in-band LTE-M within an NR carrier, according to Rel-15 and thereafter Rel-16, to adjacent NR allocations in the NR CBW and close to operator’s band edge need to be studied in greater detail. This also depends on the assumed LTE-M carrier configuration discussed above. 
Proposal 5: Consider impact of power boosting for in-band LTE-MTC to adjacent NR allocations in the NR CBW and at operator’s band edge for identified in-band LTE-M carrier configurations.  
3.
Conclusion

This contribution has discussed some aspects of coexistence between NR and LTE-M and includes the following proposals in view of coexistence investigations to be added to the new TR:
Proposal 1: The case of E-UTRA 100kHz based channel raster is considered with priority vs. SCS based channel raster. 

Proposal 2: It is proposed to investigate the feasibility of an optional 7.5 kHz UL frequency shift for NR TDD operating bands n39, n40 and n41, taking into account UE impacts and the backward compatibility issue, in order to enable full subcarrier grid alignment as for FDD systems. 

Proposal 3: It is proposed to study both FDM and TDM based coexistence and document these approaches in the TR. 
Proposal 4: It is proposed to study three LTE-M carrier configurations (6 PRBs with DC, combination of 6 PRBs with DC and LTE-M NB with 6 PRBs within 5 MHz bandwidth, 5 MHz carrier). The priorities should be discussed.
Proposal 5: Consider impact of power boosting for in-band LTE-MTC to adjacent NR allocations in the NR CBW and at operator’s band edge for identified in-band LTE-M carrier configurations.
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