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In RAN #80 [1] meeting, the following objective was approved for studying possible issues related to coexistence of LTE-MTC with NR.
	Coexistence with NR:
· Study NR and LTE specifications to identify possible issues related to coexistence of LTE-MTC with NR [RAN4, RAN1, RAN2]


3GPP and industry stakeholders suggest that both eMTC and NB-IoT in LTE can meet the 5G mMTC requirements. Therefore, in the first version of NR specification, no special solution is proposed to handle the issue about massive machine type communication (mMTC). It is also expected that some of the operators might want to migrate their networks to NR during the lifetime of the deployed eMTC devices and it can be foreseen that eMTC and NR will coexist for a long time in the future.
In this contribution, we will provide an overview of the existing mechanisms supporting the coexistence of eMTC with NR, and the potential issues for future study. 
[bookmark: _Ref129681832]Discussion
Mechanisms supporting coexistence
In NR, in order to enable compatibility with LTE, both RE level and RB level resource reservation mechanisms are specified [2]. The RE level rate matching mechanism is designed mainly for the LTE CRS. 
Three level bitmaps are proposed in NR for RB level rate matching. As illustrated in Figure 1, the unavailable resources in frequency domain are indicated by an RB level bitmap with 1RB granularity, together with a symbol level bitmap spanning one or two slots for which the reserved RBs apply. For each pair of RB and symbol level bitmaps, a UE may be configured with a time-domain pattern corresponding to a unit equal to a duration of the symbol level bitmap. The periodicity of the pattern can be {1, 2, 4, 5, 8, 10, 20 or 40} units long with maximum 40ms. The combined bitmaps offer enough freedom to configure any needed reserved resource pattern. 
[image: ]
[bookmark: _Ref520736848]Figure 1: RB level reserved resources mechanism
The minimum system bandwidth of eMTC is the same as LTE, i.e. 6 LTE PRBs or 1.08 MHz. A straightforward way for NR to ensure coexistence with eMTC is to use the three combined bitmaps to create a clean slice of 1.08 MHz in the frequency domain for serving the eMTC devices, as illustrated in Figure 2. 
[image: ]
Figure 2: Reserved resources for serving eMTC devices using combined bitmaps.
Observation 1: The reserved resources mechanism using combined bitmaps in NR can ensure coexistence of NR with LTE-MTC.
Improvement for better coexistence
DC subcarrier and PRB alignment 
In this section, we will discuss the DC subcarrier and PRB alignment between NR and eMTC. 
In eMTC, a “narrowband” is defined as 6 consecutive PRBs. As shown in Figure 3, if the PRB boundary is not aligned between NR and eMTC, 7 consecutive PRBs should be reserved for an eMTC narrowband. 
[image: ]
[bookmark: _Ref520725974]Figure 3: PRB boundary is not aligned
In addition, when taking the DC subcarrier in LTE into consideration, 7 reserved PRBs in NR are always needed for an eMTC narrowband. As illustrated in Figure 4, for an eMTC narrowband consisting of the middle 6 PRBs of an LTE carrier, even the eMTC PRBs are aligned with those of NR at the left of the DC subcarrier, they are off by one subcarrier on the right of the DC subcarrier. 
[image: ]
[bookmark: _Ref520726187]Figure 4: Subcarrier shift due to DC subcarrier in LTE
The following options can be considered to avoid the waste of resources.
· PRB boundary should be aligned when the eMTC narrowband does not include the DC subcarrier
· The additional subcarrier that exceeds the 6 reserved PRBs due to the offset of DC subcarrier can be punctured either in NR or in eMTC, when the eMTC narrowband includes the DC subcarrier.

Proposal 1: The subcarrier shift due to the LTE DC subcarrier and the PRB alignment between NR and eMTC should be studied to avoid wasting resources.
Frequency hopping for SIB1
Frequency hopping for SIB1 is always used at least for system bandwidth larger than 5MHz [3]. SIB1 frequency hopping takes place between 2 or 4 narrowbands depending on the system bandwidth:
· narrowbands = 2 for system bandwidth of 12-50 RBs
· narrowbands = 4 for system bandwidth of 51-110 RBs
The mentioned narrowbands are determined based on cell ID and system bandwidth. The hopping sequence between these narrowbands is determined based on cell ID and subframe index. 
The narrowband for SIB1 is changed based on the frequency hopping pattern across the system bandwidth and the following solutions can be considered to handle the eMTC-SIB1:
Option 1: Change the combined bitmap pattern according to the frequency hopping pattern. 
Option 2: Reserve all the narrowbands that SIB1 may use.
Option 3: Limit the channel bandwidth for eMTC, so that less narrowbands will be used for SIB1.
Option 1 is a natural solution, but the combined bitmap pattern will change very frequently. The reserved resources for the solution of option 2 can be always the same, but it is a waste of resources. The solution of option 3 is a tradeoff between the UL throughputs of eMTC UEs and the resource utilization efficiency of NR system.
Proposal 2: The frequency hopping for eMTC SIB1 should be studied in order to have a better coexistence with NR.
CRS reduction
In NR, the rate matching for CRS is done for the whole LTE bandwidth. However, if only eMTC is deployed, CRS may be only needed in part of the narrowbands where the eMTC UEs perform DL channel measurements. Therefore, it is a waste of resources to transmit CRS and reserve resources for the CRS across the whole bandwidth.
Proposal 3: CRS reduction should be studied for eMTC and NR coexistence.
Conclusions
In this contribution, the technical issues related to NR and eMTC coexistence are discussed. According to the above discussion, we have the following observation and proposals:
Observation 1: The reserved resources mechanism using combined bitmaps in NR can ensure coexistence of NR with LTE-MTC.
Proposal 1: The subcarrier shift due to the LTE DC subcarrier and the PRB alignment between NR and eMTC should be studied to avoid wasting resources.
Proposal 2: The frequency hopping for eMTC SIB1 should be studied in order to have a better coexistence with NR.
Proposal 3: CRS reduction should be studied for eMTC and NR coexistence.
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