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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

This clause shall start on a new page.

The present document is a technical report for the work item of R16 LTE-M [2]. The scope of the TR is as follows:

· 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.
· The Rel-16 LTE-MTC and NR coexisting feature 
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
RP-190770, “Revised WID for Additional MTC enhancements for LTE” 

It is preferred that the reference to 21.905 be the first in the list.

3
Definitions, symbols and abbreviations
Delete from the above heading those words which are not applicable.

Clause numbering depends on applicability and should be renumbered accordingly.

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

4
Background

In R15, LTE coexisting within a NR carrier is a feature enabling the flexible NR deployment targeting to achieve minimal impact the legacy LTE service. As LTE-MTC service is delivered within a LTE carrier, in general LTE-MTC co-existence with NR will follow the generic framework of the co-existence with NR and LTE. The focus of co-existing LTE-MTC and NR is to deploy MTC service within a NR carrier. The main benefit of the deploy MTC service within NR carrier is that the MTC legacy device and service will be migrate to the 5G network smoothly without backward compatibility issue. 
5
Frequency band support for coexistence

Up to Rel-15, LTE-MTC can operate in the following LTE bands. 

UE category M1 and M2 is designed to operate in the E-UTRA operating bands 1, 2, 3, 4, 5, 7, 8, 11, 12, 13, 14, 18, 19, 20, 21, 25, 26, 27, 28, 31, 66, 71, 72, 73, 74 and 85 in both half duplex FDD mode and full-duplex FDD mode, and in bands 39, 40 and 41 in TDD mode.
In Rel-15, the NR operating bands in FR1 are specified as below

Table 2-1: NR operating bands in FR1

	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit

FUL,low   –  FUL,high
	Downlink (DL) operating band
BS transmit / UE receive

FDL,low   –  FDL,high
	Duplex Mode

	n1
	1920 MHz – 1980 MHz
	2110 MHz – 2170 MHz
	FDD

	n2
	1850 MHz – 1910 MHz
	1930 MHz – 1990 MHz
	FDD

	n3
	1710 MHz – 1785 MHz
	1805 MHz – 1880 MHz
	FDD

	n5
	824 MHz – 849 MHz
	869 MHz – 894 MHz
	FDD

	n7
	2500 MHz – 2570 MHz
	2620 MHz – 2690 MHz
	FDD

	n8
	880 MHz – 915 MHz
	925 MHz – 960 MHz
	FDD

	n12
	699 MHz – 716 MHz
	729 MHz – 746 MHz
	FDD

	n20
	832 MHz – 862 MHz
	791 MHz – 821 MHz
	FDD

	n25
	1850 MHz – 1915 MHz
	1930 MHz – 1995 MHz
	FDD

	n28
	703 MHz – 748 MHz
	758 MHz – 803 MHz
	FDD

	n34
	2010 MHz – 2025 MHz
	2010 MHz – 2025 MHz
	TDD

	n38
	2570 MHz – 2620 MHz
	2570 MHz – 2620 MHz
	TDD

	n39
	1880 MHz – 1920 MHz
	1880 MHz – 1920 MHz
	TDD

	n40
	2300 MHz – 2400 MHz
	2300 MHz – 2400 MHz
	TDD

	n41
	2496 MHz – 2690 MHz
	2496 MHz – 2690 MHz
	TDD

	n50
	1432 MHz – 1517 MHz
	1432 MHz – 1517 MHz
	TDD

	n51
	1427 MHz – 1432 MHz
	1427 MHz – 1432 MHz
	TDD

	n65
	1920 MHz – 2010 MHz
	2110 MHz – 2200 MHz
	FDD

	n66
	1710 MHz – 1780 MHz
	2110 MHz – 2200 MHz
	FDD

	n70
	1695 MHz – 1710 MHz
	1995 MHz – 2020 MHz
	FDD

	n71
	663 MHz – 698 MHz
	617 MHz – 652 MHz
	FDD

	n74
	1427 MHz – 1470 MHz
	1475 MHz – 1518 MHz
	FDD

	n75
	N/A
	1432 MHz – 1517 MHz
	SDL

	n76
	N/A
	1427 MHz – 1432 MHz
	SDL

	n77
	3300 MHz – 4200 MHz
	3300 MHz – 4200 MHz
	TDD

	n78
	3300 MHz – 3800 MHz
	3300 MHz – 3800 MHz
	TDD

	n79
	4400 MHz – 5000 MHz
	4400 MHz – 5000 MHz
	TDD

	n80
	1710 MHz – 1785 MHz
	N/A
	SUL 

	n81
	880 MHz – 915 MHz
	N/A
	SUL 

	n82
	832 MHz – 862 MHz
	N/A
	SUL 

	n83
	703 MHz – 748 MHz
	N/A
	SUL

	n84
	1920 MHz – 1980 MHz
	N/A
	SUL

	n86
	1710 MHz – 1780 MHz
	N/A
	SUL


Hence potentially LTE-MTC can be operated in the following NR bands in Rel-15.

Table 5-1: NR operating bands supporting LTE-MTC coexistence in R15

	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


6
Channel raster, PRB and subcarrier grid alignment
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Figure 6-1: LTE EARFCN configuration within NR carrier with NR channel raster = 100kHz
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Figure 6-2: LTE EARFCN configuration within NR carrier with NR channel raster = 15kHz or 30kHz

In LTE channel raster setting in downlink, there is a DC subcarrier where the LTE EARFCN coincides with the center of this subcarrier. Because the NR channel raster definition considers the co- existence with 100kHz channel raster and subcarrier alignment with LTE, for the NR bands that support the LTE-MTC co-existence with 100kHz channel raster for FDD band, the LTE EARFCN can coincide with NR ARFCN at the same frequency location on the center of NR carrier. This means for downlink the LTE and NR can be aligned in the subcarrier level, but not in PRB level due to the DC subcarrier in LTE. 

When NR channel raster is 100kHz, as Figure 6-1 shows, if LTE carrier is configured with other EARFCN than the center of NR carrier (NR-ARFCN), due to the subcarrier alignment and 100kHz raster, the EARFCN coinciding with NR channel raster will be multiple of 300kHz offset which is the least common multiple of 15kHz and 100kHz. In Figure 6-2, an example is given for a 10MHz NR carrier and a 5 MHz LTE carrier. 

When NR channel raster is 15kHz or 30kHz (e.g n41), to have the subcarrier aligned with LTE and NR, the LTE EARFCN need to have multiple 300kHz offset with NR ARFCN as shown in Figure 6-2. For example, when K=M, LTE EARFCN will coincide with NR ARFCN, the subcarrier alignment will be achieved. In another case, if K is not equal to M, there will be multiple 300kHz between EARFCN and NR-ARFCN, and the subcarrier alignment will still be achieved.

7
Simultaneously operation with LTE-MTC and NR

7.1
Numerologies
As NR could support several numerology, e.g. 15KHz, 30KHz and 60KHz in FR1  which might be different from LTE-MTC numerologies (only support 15KHz SCS in downlink and uplink), there might exist mixed numerology configuration which could result in interference between NR subcarrier and LTE-MTC subcarrier In general, guardband between different numerology should be reserved for performance protection, however this should be up to the BS implementation. Similar as the mixed numerology in the NR scenarios, no requirement is defined for mixed numerology between NR and LTE-MTC. 
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Synchronization issue between LTE-MTC and NR
<Text to be added>
9
Testability applicability
<Text to be added>
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