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1. Introduction 
This Tdoc is a resubmission of R1-1712979 [3].

The 5G requirements include support for mMTC services, where millions of low activity devices need to be supported per cell. Meanwhile, the market is adopting eMTC and NB-IoT technologies, based on Release-13 LTE-based specifications. The devices that are being currently deployed, based on eMTC and NB-IoT, have an expected lifetime of 10 years or more and should hence still be supported within the timeframe of 5G NR deployments.

Initial analyses suggest that both eMTC and NB-IoT in themselves will meet the 5G mMTC requirements. Given this and the expected installed base of eMTC and NB-IoT devices in the 2020 timeframe, it would be natural to support eMTC and NB-IoT as the mMTC technologies within NR for IMT-2020. In supporting eMTC and NB-IoT as 5G-NR technologies, it is desirable that these technologies can be supported in-band within an NR carrier.

The issue of supporting eMTC and NB-IoT in-band within an NR carrier has been considered in input documents [1] to previous RAN1 meetings, but have not been considered online during those meetings. This document provides Sony’s view on how eMTC (for releases up to and including Release-15) can be supported in-band within an NR carrier through reservation of resources within the NR carrier. Similar principles should apply to an inband NB-IoT carrier.
2. eMTC operation in an in-band carrier

An eMTC UE should be able to operate within an NR carrier unaware that the host carrier for the eMTC transmission is NR, rather than LTE. Hence the eMTC UE should observe the same reference signals and channels in an NR carrier as in an LTE carrier. In particular, the eMTC UE should be able to observe the following LTE signals within the NR carrier:

· CRS within the bandwidth of the nominal LTE carrier
· PSS / SSS

· PBCH, including repetitions within the PBCH subframe

· SIB-carrying PDSCH, including SIB1_BR
· PRS, when positioning is supported
· PDSCH, when scheduled to the UE
· MPDCCH, when scheduled to the UE
Of the above signals, the PDSCH, MPDCCH and PDSCH carrying SIB (other than SIB1_BR) can be scheduled around NR allocations. NR allocations can be scheduled around SIB1_BR transmissions. The other signals and channels need to occupy reserved resources within the NR carrier. 
The following LTE signals do not need to be supported by the eMTC UE:

· PDCCH, PCFICH, PHICH: an eMTC UE does not support these wide bandwidth LTE signals in any case

· CSI-RS: for backwards compatibility purposes, an eMTC UE can be operated in a transmission mode that does not rely on CSI-RS (e.g. TM2).

Proposal 1: NR should support reservation of resources for the following eMTC channels and signals: CRS, PSS / SSS and repeated PBCH.
The intended method of supporting an eMTC UE within an NR carrier is shown in Figure 1. 
The figure shows a region of the NR carrier that is used as an LTE-eMTC in-band carrier. In this in-band carrier region, CRS are supported, since the eMTC UEs expect CRS within an LTE carrier. The LTE-eMTC in-band carrier region contains some signals and channels in immovable locations, such as PSS, SSS, PBCH and SIB1_BR. The location of these signals and channels depends on the nominal bandwidth of the LTE-eMTC in-band carrier and the PSS / SSS need to be located on the LTE channel raster. The bandwidth of the LTE-eMTC in-band carrier can be controlled by the network / operator. A larger in-band carrier bandwidth would provide greater frequency diversity for the eMTC transmissions, but would place more restrictions on the scheduling of NR transmissions. In any one subframe, the amount of bandwidth actually allocated to an eMTC UE would be constrained by the bandwidth capability of the UE (1.4MHz for a Cat-M1 UE, hence the figure shows the eMTC UE being allocated in narrowbands within the LTE-eMTC in-band carrier).  
An NR UE can be allocated in the NR region or within the LTE-eMTC in-band carrier region. When an NR UE is allocated in resources that overlap with the CRS in the LTE-eMTC region, the NR allocation can be punctured or rate matched (one of these two options would need to be specified). The NR region also contains NR SS blocks, although these blocks could feasibly be located within the LTE-eMTC region. The NR SS blocks do not have to be located at the centre of the NR carrier, allowing greater flexibility in the location of the LTE-eMTC in-band carrier within the NR carrier. CORESETs for the NR-PDCCH can be located to not overlap with the LTE-eMTC in-band carrier.
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Figure 1 – LTE-eMTC in-band carrier within an NR carrier
In the uplink, it should be possible for the eMTC UE to transmit the following signals and channels:

· PUSCH

· PUCCH

· SRS

· PRACH

Operation of eMTC within an NR carrier does not need to be supported for all possible configurations of an NR carrier. eMTC devices are expected to operate at carrier frequencies of 2GHz and below (where 2GHz is of especial interest given the wavelength being compatible with small form factor MTC devices and also given the wide deployment of LTE at 2GHz). It is less important that eMTC is supported at higher carrier frequencies.

Given that non-15kHz subcarrier spacings and advanced beam-forming / MIMO schemes are expected to be supported at carrier frequencies that are significantly higher than 2GHz, it might not be important to provide support eMTC-inspired reserved resource space for high carrier frequency systems employing non-15 kHz subcarrier spacings and / or advanced beam-forming / MIMO schemes.  

3. Reserved Resources
It has already been agreed that NR should support reserved resources. Once the NR UE has been signalled the reserved resources, it can puncture or rate match around the reserved resources. Prior to receiving reserved resource signalling, the NR UE must be able to receive some of the NR signals without knowledge of which resources are reserved. 
It is assumed that the UE would receive reserved resource signalling in minimum system information. Hence it should be possible for the NR UE to operate without knowledge of reserved resources until the UE has received minimum system information. In practice, this means that the NR UE must be able to receive the following signals and channels without knowledge of reserved resources (i.e. these signals and channels should not collide with at least one useable configuration of eMTC / NB-IoT):
· SS block (NR-PSS, NR-SSS, NR-PBCH)

· NR-PDCCH and NR-PDSCH carrying minimum system information
Provided the NR bandwidth is sufficiently large and the LTE-eMTC in-band carrier is relatively small, this is possible according to the method of operation shown in Figure 1, specifically via the following implementation-based techniques:
· The SS block of the NR carrier does not need to be centrally located within the NR carrier, allowing a reasonable amount of resource to be assigned to the LTE-eMTC in-band carrier, provided the bandwidth of the NR carrier is sufficiently large (e.g. greater than 5MHz).

· For an NR bandwidth of 5MHz, the LTE-eMTC carrier can be assigned to occur at times that are not occupied by the NR SS block and subframes containing the SS block can be signalled as “invalid subframes” to eMTC UEs. This may be facilitated by having a subframe offset between the NR and LTE-eMTC carriers. This can be considered to be a time-domain interleaving of the NR and LTE-eMTC carriers.
The second approach above can also be used for NR bandwidths greater than 5MHz when it is desired to have a wider bandwidth LTE-eMTC carrier, allowing for greater frequency diversity gains to be realised for frequency-hopped eMTC transmissions.
Within minimum system information, the NR-UE should be informed of at least the following attributes of the LTE carrier hosting the eMTC transmissions, in order to allow it to determine the reserved resources for the eMTC carrier:
· Bandwidth and centre frequency location of the eMTC carrier. The bandwidth is the bandwidth of the LTE-eMTC in-band carrier within which the eMTC signals reside, rather than the bandwidth of an eMTC narrowband. Knowledge of the bandwidth allows the NR-UE to work out the extent of the resources reserved for CRS (and the locations of the PRBs used for SIB1_BR, although the NR scheduler can probably schedule NR resources to avoid SIB1_BR).

· Number of antenna ports in the LTE-eMTC carrier. This allows the NR-UE to determine the CRS pattern used in the LTE-eMTC in-band carrier.

· Cell ID of LTE-eMTC carrier. The Cell ID of the LTE-eMTC carrier needs to be known by the NR-UE in order to locate the resources reserved for the LTE CRS. It is also possible that the Cell-ID for the LTE-eMTC in-band carrier could be derived from that of the host NR carrier.
· Subframe offset. This is the offset between the slot number in the NR radio frame and the subframe number in the LTE radio frame. This allows the NR UE to determine the location of the LTE-PSS, LTE-SSS and LTE-PBCH.

·  Start symbol for MPDCCH and PDSCH. This is the startSymbolBR RRC parameter [2]. Only CRS locations are reserved resource elements in LTE OFDM symbols prior to startSymbolBR (and other resource elements before the start symbol are available for the NR allocation). Although the SIB1_BR may have a different start symbol to that used for MPDCCH and PDSCH, for the sake of simplicity, it can be assumed by the NR-UE that all OFDM symbols between startSymbolBR and the end of the subframe are used by SIB1_BR.  

Proposal 2: An NR-UE needs to be signalled the following in order to determine the reserved resources for eMTC:

· Bandwidth and centre frequency location of the LTE-eMTC in-band carrier.
· Number of antenna ports in the LTE-eMTC in-band carrier.

· Cell-ID of the in-band LTE-eMTC in-band carrier
· Subframe offset of LTE-eMTC in-band carrier.

· Start symbol for MPDCCH and PDSCH in eMTC in-band carrier: startSymbolBR.
4. URLLC

URLLC transmissions may pre-empt an eMTC transmission. This is unlikely to be problematic for several reasons:

· The eMTC transmissions are narrow bandwidth, so it is less likely that URLLC would be scheduled to pre-empt an eMTC transmission than that it would pre-empt an eMBB transmission.
· Many MTC services are low rate and delay tolerant. If URLLC causes a re-transmission of such MTC services, the QoS of those services is not significantly degraded. 
Hence we make the following observation:

Observation 1: The impact of URLLC on eMTC and NB-IoT services is minimal.

5.   Conclusion

eMTC and NB-IoT technologies are expected to meet the IMT-2020 5G requirements and are candidate technologies for fulfilling the mMTC requirements of NR. It is hence desirable to be able to support eMTC and NB-IoT in-band within an NR carrier. In order to support eMTC and NB-IoT in-band within an NR carrier, resources need to be reserved within the NR carrier.

To support reserved resources within the NR carrier, the following proposals are made:

Proposal 1: NR should support reservation of resources for the following eMTC channels and signals: CRS, PSS / SSS and repeated PBCH.
Proposal 2: An NR-UE needs to be signalled the following in order to determine the reserved resources for eMTC:

· Bandwidth and centre frequency location of the LTE-eMTC in-band carrier.
· Number of antenna ports in the LTE-eMTC in-band carrier.

· Cell-ID of the in-band LTE-eMTC in-band carrier
· Subframe offset of LTE-eMTC in-band carrier.

· Start symbol for MPDCCH and PDSCH in eMTC in-band carrier: startSymbolBR.
The following observations are also made:

Observation 1: The impact of URLLC on eMTC and NB-IoT services is minimal.
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