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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 #94 and #94b meetings [4, 5], the following agreements were achieved on eMTC co-existence with NR.
	RAN1 #94
Observation
· From RAN1 perspective, no issues were identified that would prevent the coexistence of NR and eMTC

Agreement
· RAN1 studies additional specification enhancement for improving the performance of coexistence of eMTC with NR.

RAN1 #94b
Agreement
· RAN1 clarifies that the enhancements introduced by the WI objective on usage of the LTE DL control channel region for MPDCCH/PDSCH transmissions to LTE-MTC UEs do not only apply to LTE-MTC stand-alone deployments but also to the case when LTE-MTC is deployed within an NR carrier.


In this contribution, the issues for better coexistence are discussed and the corresponding potential solutions are provided. 
[bookmark: _Ref129681832]Discussion
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 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.
Proposal 1: The subcarrier shift due to the LTE DC subcarrier and the PRB alignment between NR and eMTC should be considered 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 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: Limit the channel bandwidth for eMTC, so that less narrowbands 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 2: The frequency hopping for eMTC SIB1 should be considered 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 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. But legacy UEs may also use part of the CRS out of the occupied bandwidth, so the CRS reduction mechanism should be forward compatible.
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 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: The subcarrier shift due to the LTE DC subcarrier and the PRB alignment between NR and eMTC should be considered to avoid wasting resources.
Proposal 2: The frequency hopping for eMTC SIB1 should be considered in order to have a better coexistence with NR.
Proposal 3: CRS reduction should be studied for eMTC and NR coexistence.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[bookmark: _Ref513103060]RP-181450 Rel-16 MTC enhancements for LTE, 3GPP TSG RAN Meeting #80, La Jolla, USA, June 11 - 15, 2018
[bookmark: _Ref520295352][bookmark: _Ref513103354]3GPP TS 38.213, NR, Physical layer procedures for data, v15.1.0.
3GPP TS 36.211, E-UTRA, Physical channels and modulation, v15.1.0.
[bookmark: _Ref488522507][bookmark: _Ref524442430]3GPP, “Chairman's Notes RAN1 #94 final”, Gothenburg, Sweden, August 20th – 24th, 2018.
3GPP, “Chairman's Notes RAN1 #94b final”, Chengdu, China, October 8th – 12th, 2018
image1.png
RBk+4 RBk+5
L

RBk+3

eMTC subcarrier

<«

NR subcarrier

T T T T
RBn+1 RBn+2 RBn+3 RBn+4 RBn+5 RBn+6

T
RBn





image2.png
DC subcarrier

RlBk+4

RlBk+3

NR subcarrier

RBn+4

RBn+3

RBk+2

RlBk+1

WWWWWWW T TeMTC subcarrier

RBn+1 RBnj2

RBn




