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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 RAN1#94 meeting, it was concluded that no issues were identified that would prevent the coexistence of LTE-MTC with NR. Furthermore, it was agreed to study additional specification enhancement for improving the performance of coexistence of eMTC with NR. 

In RAN1#94bis, the following agreement was achieved [2]. 

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, we continue to discuss the aspects for facilitating efficient coexistence of eMTC with NR. 
2	Discussion
In RAN1#94bis, some potential improvements for coexistence of eMTC with NR were proposed for further study, including the following aspects:

· PRB alignment
· Subcarrier alignment
· Impact of frequency hopping
· Impacts of CRS transmissions
· System bandwidth of eMTC / NR
· Resource configuration
2.1 Subcarrier and PRB Grid Alignment
If NR uses 15kHz subcarrier spacing for coexistence with LTE-MTC then the NR and eMTC downlink subcarrier grid will be always aligned. In the uplink, there is a half-tone shift in LTE-MTC since there is no DC subcarrier in the uplink and the center of the UL system bandwidth is on between two subcarriers. Therefore, to align the uplink subcarrier grid between NR and LTE-MTC, the half-tone shift shall be also applied to the NR uplink; otherwise the subcarrier grid between NR and eMTC will be shifted by +7.5 kHz or -7.5kHz. 

According to TS. 38.104, an optional half-tone shift was introduced in NR uplink, and this can be used for coexistence with eMTC. Therefore, the uplink subcarrier grid between NR and eMTC will be aligned.
[bookmark: _Hlk525896787]Observation 1: The subcarrier grid alignment between NR and eMTC can be achieved in both uplink and downlink. 
[bookmark: _Hlk525897003]Since the DC subcarrier is not used in LTE-MTC downlink, perfect PRB alignment between NR and eMTC is not possible. As a result, at least 1 RB will be left unused in NR when coexisting with eMTC. For up to Rel-15 eMTC, the PRB alignment is not possible because only LTE in-band operation is supported. However, when the LTE-MTC evolves further for the non-inband operation, e.g., standalone deployment, we can consider shifting the PRB grid of eMTC to achieve PRB grid alignment between NR and eMTC. 
[bookmark: _GoBack]Observation 2: Perfect RB grid alignment between eMTC and NR is not possible due to the presence of DC subcarrier in eMTC.
2.2 Resource configuration
For eMTC inband operation within NR, both time domain coexistence and frequency domain coexistence shall be considered. 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 and used for NR transmission. The configuration of the valid subframes (or the BL/CE subframes) can be signalled via SIB1 to eMTC UEs. Figure 1 below shows the example using FDM/TDM for eTMC coexistence with NR. 
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Figure 1: Coexistence of eMTC with NR vis semi-static resource partition
In [3], the percentage of NR resources that need to be reserved for coexistence with LTE-MTC was analysed and it was concluded that the NR resource utilization can be up to 98.4% when using a combination of PRB-level and OFDM symbol-level reserved resources as well as RE level reserved resources. However, it is assumed that LTE-MTC system bandwidth is 1.4MHz. 

Table 1 compares the percentage of the resources used for eMTC of different system bandwidth. Same as in [3], we consider the time-frequency resources over a 20ms interval, 20 MHz NR bandwidth with 106 RBs, and 15 kHz subcarrier spacing. The additional assumptions for eMTC transmission can be found in the Table. 
Table 1: The percentage of the resources for eMTC of different system bandwidth
	Signals/channels
	1.4MHz LTE-MTC
	5 MHz LTE-MTC
	Notes

	CRS
	(7x24) / (106x12x14) = 0.94%
	(26x24) / (106x12x14) = 3.5%
	4 CRS ports, total 16+8=24 CRS REs per RB-pair

	PSS
	(7x12x4) / (106x12x20x14) = 0.09%
	7 PRBs (63 subcarriers), 4 symbols per 20ms

	SSS
	(7x12x4) / (106x12x20x14) = 0.09%
	7 PRBs (63 subcarriers), 4 symbols per 20ms

	PBCH (excluding REs used by CRS)
	(7x12x8 – 7x8x2) / (106x12x20x14) = 0.16% 
	(7x12x40 – 7x16x4) / (106x12x20x14) = 0.82%
	For 1.4MHz LTE-MTC, 8 symbols for PBCH per 20 ms
For 5MHz LTE-MTC, 40 symbols for PBCH per 20ms

	SIB1-BR (excluding REs used by CRS)
	(7x12x10 – 7x16) / (106x12x20x14) = 0.20% 
	(7x12x44 – 7x16x4) / (106x12x20x14) = 0.91%
	For 1.4MHz LTE-MTC, one subframe of 10 symbols for SIB1-BR per 20 ms (Rep=4)
For 5MHz LTE-MTC, 4 subframes each 11 symbols for SIB1-BR per 20ms (Rep=16)



As seen from Table, the percentage of the resources reserved for LTE-CRS is much higher than other signals/channels. When a larger bandwidth of 5MHz is used for LTE-MTC, about 3.5% NR resources needs to be reserved. Note that the CRS muting introduced in Rel-15 cannot be used to improve the NR resource utilization for coexistence with LTE-MTC. This is because the muted CRS shall be transmitted over the centre 24 RBs within the LTE-MTC cell bandwidth prior to the UE transmission occasion for random access, SRS and PUCCH/PUSCH. Since there is no signalling in NR to indicate when LTE CRS is muted and when the LTE CRS is transmitted, the resources reserved for LTE CRS cannot be utilized by NR UEs. Nevertheless, it is possible to use other techniques to reduce CRS overhead when deploying LTE-MTC coexistence with NR. For instance, one potential technique is to locate LTE CRS in a smaller bandwidth than what can be used for LTE-MTC UEs [4]. In other words, the DL transmission of LTE-MTC can be supported in a PRB without CRS. Note that only Rel-16 and beyond LTE-MTC UE will be able to access these PRBs without CRS.
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: For eMTC coexistence with NR, DL transmission in a PRB-pair without CRS shall be considered for improving the NR resource utilization.  


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. 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 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 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 UE is unware whether it is operating in an NR carrier or a LTE carrier.

[bookmark: _Hlk525904801]When URLLC is configured in NR, a 30kHz subcarrier spacing will be used, and then one subframe in LTE is equal to two NR slots. Furthermore, a few number of OFDM symbols at the end of a slot may be used for UL control for enabling fast HARQ-ACK feedback as shown in Figure 2. In such case, DL transmission is only allowed in the part of one subframe. Therefore, these subframes with a mixed UL/DL transmission cannot be used for eMTC. Although this would not break the inband operation of eMTC with NR, it would limit the scheduling flexibility in NR. That is, if there are more subframes reserved for eMTC then the performance of URLLC will be affected and 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
[bookmark: _Hlk525904932]Proposal 3: For coexistence with NR, the slot or symbol level configuration shall be considered in eMTC to allow DL or UL transmission in part of the subframe.  
2.3 Frequency hopping
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. Even the same starting narrowband is used for paging MPDCCH and PDSCH the other narrowbands are different due to different sets of narrowbands for frequency hopping used 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. More narrowbands need to be reserved for eMTC, which implies the performance loss of NR. Therefore, if frequency hopping is supported for paging in eMTC, possible enhancements may be needed, e.g., allowing the same set of narrowbands for paging MPDCCH and PDSCH, to improve resource utilization in NR.

Proposal 4: For improving the performance of NR and eMTC coexistence, the enhancements on paging frequency hopping can be considered 
3	Summary
In this contribution, we discuss the possible specification enhancements for improving the performance of coexistence of eMTC with NR. We made the following observations and proposals.
Observation 1: The subcarrier grid alignment between NR and eMTC can be achieved in both uplink and downlink. 
Observation 2: Perfect RB grid alignment between eMTC and NR is not possible due to the presence of DC subcarrier in eMTC.
[bookmark: _In-sequence_SDU_delivery]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: For eMTC coexistence with NR, DL transmission in a PRB-pair without CRS shall be considered for improving the NR resource utilization.  
Proposal 3: For coexistence with NR, the slot or symbol level configuration shall be considered in eMTC to allow DL or UL transmission in part of the subframe.  
Proposal 4: For improving the performance of NR and eMTC coexistence, the enhancements on paging frequency hopping can be considered 
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