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1	Introduction
In RAN#80 meeting, a new WID of Rel-16 MTC enhancements for LTE [1] was approved with the objective to study the coexistence of LTE-MTC with NR. 

[bookmark: _Hlk516692042]Coexistence with NR
· [bookmark: _Hlk516784255]Study NR and LTE specifications to identify possible issues related to coexistence of LTE-MTC with NR [RAN4, RAN1, RAN2]

[bookmark: _Ref178064866]In this contribution, we will provide our views on how LTE-MTC can be inband deployed within a NR carrier and discuss the aspects for facilitating efficient coexistence with NR. 
2	Discussion
An important requirement for NR is to ensure good co-existence with LTE since NR and LTE may be deployed with frequency-overlapping carriers as well as frequency adjacent non-overlapping carriers. It is noted that LTE shall include also eMTC and NB-IoT. As agreed in RAN#79, the LPWA user cases will continue to be addressed by LTE eMTC and NB-IoT, supporting a smooth migration path for eMTC/NB-IoT by joint deployment with NR. This would allow the operator to update the existing eMTC/NB-IoT enabled network to NR while continuing serving the deployed IoT devices. 

Observation 1: The efficient coexistence between NR and eMTC/NB-IoT is required for supporting flexible spectrum utilization and facilitating smooth network migration to NR. 
As discussed in [2] for NB-IoT inband operation within NR, both time domain coexistence and frequency domain coexistence shall be considered for coexistence of LTE eMTC with NR. The minimum system bandwidth of LTE eMTC is 6 PRBs or 1.08MHz. A straightforward way for enabling inband operation of LTE eMTC on a NR carrier is to assign a clean 1.08MHz radio resource for eMTC. The collision with NR common signals can be avoided by assigning the non-overlapping frequency domain resource to eMTC. 

However, certain network may prefer to configure eMTC with 5MHz system bandwidth since the 5MHz configuration gives a higher spectrum efficiency than the 1.4MHz. In such case, a continuous 5MHz shall be leaved as unused in the NR carrier bandwidth. To improve spectrum utilization, not all the subframes are required to be used for eMTC. Some downlink or uplink subframes can be indicated as invalid for eMTC. The configuration of the valid subframes (or the BL/CE subframes) can be signalled via SIB1 according to Rel-13 eMTC. Figure 1 below shows the approaches using FDM/TDM for coexistence of eMTC with NR. 
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Figure 1: Coexistence of eMTC with NR vis semi-static resource partition
Observation 2: Coexistence between eMTC and NR can be enabled by allocating one or more 1.08MHz narrowband resources of a NR carrier for eMTC or assigning one or more subframes for eMTC. 
Proposal 1: For coexistence with NR, both 1.4MHz bandwidth and a larger bandwidth of at least 5MHz shall be supported for eMTC.  

For improving resource utilization, dynamic resource multiplexing shall also be supported so that NR can utilize the unused DL and UL resources reserved for eMTC/NB-IoT. In Rel-15, dynamic rate matching resource set is supported in NR so that DCI can dynamically indicate whether the reserved resources shall be excluded from the PDSCH allocation. If the reserved resources are not used for eMTC/NB-IoT in the slot for which NR PDSCH is mapped, then these resources can be temporarily used for NR PDSCH by setting the value of rate matching indicator to zero. Since the rate matching resource set in NR is defined by a pair of RB level bitmap with 1 RB granularity and a symbol level bitmap spanning one or two NR slots, it is possible to support dynamic resource multiplexing between NR and eMTC/NB-IoT on the subframe or RB level. However, it shall be noted that the rate matching based resource multiplexing is mainly from NR perspective since an eMTC/NB-IoT UE is unware whether it is operating in an NR carrier or a LTE carrier.

Observation 3: For inband deployment with NR, dynamic resource multiplexing between NR and eMTC can be supported by using dynamic rate matching design in NR. 

In NR, a mixture of numerology may be supported, e.g., using 15kHz subcarrier spacing for eMBB and 30kHz subcarrier spacing for URLLC. Different numerology may be configured at different bandwidth parts in frequency domain. In case of URLLC, for enabling fast HARQ-ACK feedback, a few number of OFDM symbols at the end of a slot may be used for UL control as shown in Figure 2. That is, DL transmission is only allowed in the part of subframe instead of the full subframe. For coexistence with eMTC/NB-IoT, these slots/subframes with a mixed UL/DL cannot be used for eMTC/NB-IoT if they are not overlapping with a LTE special subframe. This is because eMTC/NB-IoT reuses LTE TDD UL/DL configuration and assumes a subframe rather than special subframe as either full DL or full UL. Although this restriction would not break the inband operation of eMTC/NB-IoT with NR, it would impose some unnecessary restrictions. That is, the subframe reserved for eMTC/NB-IoT shall be configured as either full DL or full UL transmission in NR. If there are more subframes reserved for eMTC/NB-IoT then there is less probability to serve URLLC on the same NR carrier. 

[image: ]
Figure 2: NR slot format with increasing UL opportunity assuming 30kHz SCS
Observation 4: For inband deployment of eMTC with NR, the restriction of allocating a subframe of either full DL or full UL for eMTC would limit the scheduler flexibility of NR for supporting different numerologies and URLLC
Proposal 2: RAN1 shall study possible enhancements to eMTC for ensuring efficient coexistence with NR using flexible subframe/slot structures.  
Another design challenge for coexistence with NR is to support frequency hopping in eMTC. In Rel-13 eMTC, frequency hopping is supported for system bandwidth larger than 1.4MHz. The frequency hopping configuration includes a hopping timer interval and a configurable narrowband offset. The enabling of frequency hopping can be separately configured for broadcast and unicast transmission. The frequency hopping pattern may be different for each physical channel. For SIB1 and paging MPDCCH, the first narrowband is determined by cell ID and/or UE ID and the two narrowbands overlapping with the 72 center subcarriers are excluded from frequency hopping, however for other DL transmission, all the narrowbands can be used for frequency hopping, that is, the first narrowband is determined by RRC or DCI and the other narrowband(s) are then determined based on a higher layer configured offset. 

Figure 3 shows an example of frequency hopping for SIB1, paging MPDCCH and PDSCH assuming 10MHz system bandwidth (e.g., total 8 narrowbands). SIB1 is hopped between narrowband 0 and 5 at different subframes, and for paging MPDCCH, narrowband 0 and 6 are used for UE #1 and narrowband 1 and 7 are used for UE #2. The PDSCH of UE #1 is hopped between narrowband 0 and 4 every 4 subframes and the PDSCH of UE #2 is hopped between narrowband 1 and 5. It can be seen that even the same starting narrowband is same for MPDCCH and PDSCH the other narrowband of frequency hopping is different because the set of narrowbands used for frequency hopping is different for paging MPDCCH and PDSCH. 

[image: ]
Figure 3: Frequency hopping for SIB1, paging MPDCCH and PDSCH
From the above example, it can be seen the support of frequency hopping especially for paging will cause a waste of resources in NR. At least three narrowband resources shall be reserved for paging MPDCCH and PDSCH. If multiple paging narrowbands are configured, then more narrwobands shall be reserved. To improve resource utilization, it is preferred that these resources can be configured as dynamic rate matching resource sets in NR. However, this is not possible since the dynamic rate matching indicator in NR cannot be based on the bitmap of the eMTC narrowband.

Proposal 3: RAN1 shall discuss whether to support frequency hopping for eMTC within a NR carrier and study possible enhancements to eMTC  
[bookmark: _GoBack]3	Summary
In this contribution, we present out views on the inband operation of LTE-MTC in a NR carrier. We have the following observations:
Observation 1: The efficient coexistence between NR and eMTC/NB-IoT is required for supporting flexible spectrum utilization and facilitating smooth network migration to NR. 
Observation 2: Coexistence between eMTC and NR can be enabled by allocating one or more 1.08MHz narrowband resources of a NR carrier for eMTC or assigning one or more subframes for eMTC. 
Observation 3: For inband deployment with NR, dynamic resource multiplexing between NR and eMTC can be supported by using dynamic rate matching design in NR. 
Observation 4: For inband deployment of eMTC with NR, the restriction of allocating a subframe of either full DL or full UL for eMTC would limit the scheduler flexibility of NR for supporting different numerologies and URLLC
Based on these observations we made the following proposals.
Proposal 1: For coexistence with NR, both 1.4MHz bandwidth and a larger bandwidth of at least 5MHz shall be supported for eMTC.  
Proposal 2: RAN1 shall study possible enhancements to eMTC for ensuring efficient coexistence with NR using flexible subframe/slot structures.  
Proposal 3: RAN1 shall discuss whether to support frequency hopping for eMTC within a NR carrier and study possible enhancements to eMTC  
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