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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]


In RAN1#96 meetings [4], the following agreements were achieved on eMTC co-existence with NR.
	Agreement
· RAN1 considers coexistence cases for different NR subcarrier spacing (SCS), with higher priority given first to 15 kHz SCS and then to 30 kHz SCS.

For further study in future meetings:
· RAN1 continues to consider all combinations of LTE-MTC system bandwidths and NR system bandwidths when discussing potential co-existence performance improvements, including the combinations considered particularly challenging (e.g. the cases with 5 MHz NR system bandwidth).
· RAN1 continues to study e.g. the following aspects of puncturing and/or rate-matching and/or exploitation of guardband (this would also require RAN4 study) as potential ways to take outlying LTE-MTC subcarriers into account for performance improvement of resource block alignment between LTE-MTC and NR:
· How to minimize the number of outlying LTE-MTC subcarriers
· To what extent the LTE-MTC UE needs to be aware subcarriers not used for transmission 
· Performance impacts of the LTE-MTC subcarrier puncturing
· Some of the methods may only apply for downlink
· RAN1 studies whether to support configurable RB shift for LTE-MTC in some cases (e.g. stand-alone/in-band, FDD/TDD, DL/UL).
· RAN1 continues to study semi-static LTE-MTC resource reservation for improved coexistence with NR SSB, NR CORESET, NR CSI-RS, and NR TRS.
· RAN1 continues to study both semi-static and dynamic LTE-MTC resource reservation for improved coexistence with other NR transmissions than NR SSB, NR CORESET, NR CSI-RS, and NR TRS.
· RAN1 continues to study how to handle potential collision between LTE-MTC transmissions and NR URLLC related transmissions.
· RAN1 continues to study potential support of LTE-MTC transmission outside the legacy LTE system bandwidth (for reduced NR reserved resource cost for CRS, SIB1-BR, paging, etc.) while supporting legacy LTE-MTC transmission for legacy LTE-MTC UEs within the legacy LTE system bandwidth.

Conclusion
· Non-backwards-compatible approaches for reduced CRS overhead or reduced impact from frequency hopping is not supported in Rel-16.


In this contribution, the issues for better coexistence with NR are discussed and the corresponding potential solutions are provided. 
[bookmark: _Ref129681832]Discussion
DC subcarrier and PRB alignment 
In this section, we 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 1, 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 1: 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 2, 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 offset by one subcarrier on the right of the DC subcarrier. 
[image: ]
[bookmark: _Ref520726187]Figure 2: 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.
Table 1 illustrates the potential performance gains when DC subcarrier and PRB alignment are taken into consideration. If the additional subcarrier caused by the DC subcarrier shift is punctured and PRBs are aligned, the reserved subcarrier is reduced from 84 to 73, then 11 subcarrier is saved which can obtain 13% performance gain. In the same way, if there is no DC subcarrier in eMTC narrowband and PRB is aligned, then 12 subcarrier is saved which brings 14.3% performance gain. 
Table 1. Performance gain
	
	The additional subcarrier is punctured (subcarrier shift due to DC subcarrier)
	PRBs are aligned

	Performance gain 
	13%    note: (84-73)/84=13%
	14.3%  note: (84-72)/84=14.3%


Observation 1: Subcarrier and resource block alignment can bring more than 13% performance gain.
Based on the agreements achieved in the last meeting, puncturing, rate-matching and exploitation of a portion of the NR guard band can be used to deal with the outlying sub-carrier. In our view, using part of the NR guard band to transmit eMTC data may have large impact on the performance of both NR and eMTC UEs due to the RAN4 requirements. In addition, due to the limited available frequency raster positions, the guard band resources that can be used is very limited. So further evaluations are needed.  Both puncturing and rate-matching can be used for Rel-16 UEs, while only puncturing can be used for legacy UEs because rate-matching is not backwards-compatible.
In addition, we should guarantee that no new transmission scheme other than PRB or sub-PRB transmission scheme (for example, single tone transmission) is introduced after puncturing/rate-matching.
Proposal 1: Both puncturing and rate-matching can be used to handle the outlying subcarrier due to the LTE DC subcarrier.
Proposal 2: No new transmission scheme is introduced after the outlying subcarrier is punctured or rate-matched around.
Resource reservation
For MTC UEs, large number repetitions are used to achieve deep coverage. Therefore, once the MTC UEs are scheduled, the resources will be occupied for a long time, which will bring a lot of restrictions for the NR scheduling flexibility especially for the URLLC services. The legacy invalid subframe indication in MTC may be not suitable for the dynamic URLLC services. Therefore, resource reservation in MTC can be supported. Considering URLLC services are usually urgent, so dynamic indication is preferable. If the data are repeated in many subframes, dropping can be applied, while if the repetition number is small, postpone may be more suitable. As to the transmission in a portion of the subframe, it has large impact on the current spec and more evaluations are needed.
Proposal 3: Dynamic resource reservation should be supported in LTE-MTC and the reserved resource granularity is FFS.
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 according to the frequency hopping pattern across the system bandwidth, which would require NR to reserve more resources and thus introduce more overhead. The following solutions can be considered to handle the issue:
Option 1: Change the NR resource reservation bitmap pattern according to the eMTC narrow band frequency hopping pattern. 
Option 2: Reserve all the narrowbands that SIB1 may use.
Option 3: Only support small bandwidth (1.4M and 3M) for eMTC, so that no hopping will be used for SIB1.
Option 1 is a straightforward solution, but the combined bitmap pattern will change very frequently and it will increase the signaling overhead. 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.
Compared to option 2, option 1 or option 3 can reduce 50% reserved resources for system bandwidth of 12-50 RBs and can reduce 75% reserved resources for system bandwidth of 51-110 RBs. The performance improvements of frequency hopping is so significant that the enhancement of frequency hopping for SIB1 should be studied.
Observation 2: More than 50% performance gain can be obtained for frequency hopping enhancement.
Proposal 4: The frequency hopping of eMTC SIB1 should be considered in order to have a better coexistence with NR.
CRS reduction
In NR, the rate matching for CRS is adopted for the whole LTE bandwidth. However, if only eMTC is deployed, CRS rate matching is 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. However as legacy UEs may also use part of the CRS out of the occupied bandwidth, the backward compatibility of CRS reduction mechanism need to be considered. The R15 CRS muting can be considered as a starting point.
Proposal 5: 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 observations and proposals:
Observation 1: Subcarrier and resource block alignment can bring more than 13% performance gain.
Observation 2: More than 50% performance gain can be obtained for frequency hopping enhancement.
Proposal 1: Both puncturing and rate-matching can be used to handle the outlying subcarrier due to the LTE DC subcarrier.
Proposal 2: No new transmission scheme is introduced after the outlying subcarrier is punctured or rate-matched around.
Proposal 3: Dynamic resource reservation should be supported in LTE-MTC and the reserved resource granularity is FFS.
Proposal 4: The frequency hopping of eMTC SIB1 should be considered in order to have a better coexistence with NR.
Proposal 5: CRS reduction should be studied for eMTC and NR coexistence.
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