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1. Introduction 

The Release-16 WID on additional enhancements for eMTC was approved in RAN#80. The WID included the following objectives:

Coexistence with NR

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

The coexistence between LTE-M and NR was discussed in RAN1#94 in Gothenburg and it was observed that eMTC and NR could coexist. Such coexistence does require the network to be configured appropriately (for example signalling reserved resources corresponding to the LTE CRS): this is to be expected in ant case. Specifically, the following observation was made: 

· From RAN1 perspective, no issues were identified that would prevent the coexistence of NR and eMTC

It was also agreed to study potential enhancements for improving the performance of coexistence or eMTC and NR. Specifically, the following agreement was made:
· RAN1 studies additional specification enhancement for improving the performance of coexistence of eMTC with NR.
The feature lead summary for the discussion was provided in [2]. 

This document discusses whether specification enhancements are indeed needed for the coexistence of eMTC and NR. As per the agreement in RAN1#94, such enhancements would be made to improve the performance of coexistence between eMTC and NR. RAN1 has already observed that coexistence in itself is possible.
2. Potential improvements for eMTC-NR coexistence
At RAN1#94 in Gothenburg, companies proposed some potential improvements for eMTC-NR coexistence, including the following aspects:
· PRB alignment

· Subcarrier alignment

· Impact of frequency hopping

· Impacts of CRS transmissions

· System bandwidth of eMTC / NR

· Resource utilization

PRB alignment

An eMTC narrowband consists of 6 PRBs and these might not be aligned with the PRB boundaries of NR. Hence it may be necessary to reserve 7 PRBs in NR in order to support an eMTC narrowband, in some circumstances. If this alignment is not performed, there is potentially a resource wastage of 14% per narrowband (1 PRB out of 7) or 2% per 10MHz NR carrier (1 PRB out of 50). This resource wastage is only present when the eMTC narrowband is active, so depending on traffic, the resource wastage in NR would be less.  
Considering that wastage of 1PRB out of 50PRBs could be compensated for by adjusting the rate matching in NR by a factor of 50/49 and that this rate matching accounts for a difference of less than 0.1dB in processing gain, it does not seem worth optimizing NR or eMTC for a 0.1dB gain.

Observation: The resource wasted by any PRB misalignments between eMTC and NR is not significant.

Subcarrier alignment

It is observed in [3] that there can be a half-tone subcarrier misalignment in the UL between eMTC and NR in bands 12, 25, 40 and 41. This is a RAN4 issue.

The LTE DC subcarrier can cause misalignment between eMTC and NR, potentially requiring 7PRBs to be reserved in NR to support a 6PRB eMTC narrowband. If this is a problem, it can be resolved by puncturing an appropriate eMTC or NR subcarrier. Whether this puncturing needs to be known to the eMTC UE or not is FFS: the performance impact of “brute force puncturing” the eMTC subcarrier would have to be investigated. For cases where an NR UE is not scheduled contiguously to an eMTC UE, no puncturing is required.
Observation: Subcarrier alignment can be resolved through puncturing, where “brute force puncturing” has no specification impact.

Frequency Hopping

Frequency hopping provides a gain for eMTC and should be supported in coexistence scenarios. 

eMTC-SIB1 frequency hops between narrowbands in a known pattern. The frequency hops can either be signaled as reserved resources in NR (where two sets of reserved resources can be signaled: one corresponding to the first hop and the other corresponding to the second hop) or can be avoided by the NR scheduler.
MPDCCH, PDSCH, PUSCH and PUCCH can also frequency hop in eMTC. The frequency hopping patterns are known to the NR scheduler and the NR scheduler can schedule accordingly.

Observation: eMTC frequency hopping can be handled either using reserved resources or by scheduling means in NR.

Impacts of CRS transmissions
Some legacy eMTC implementations expect to observe CRS throughout the LTE system bandwidth, as discussed in the context of the Rel-15 efeMTC work item. Restricting the CRS bandwidth in the coexistence scenario will lead to unpredictable performance of these legacy UEs. Hence in the coexistence scenario, CRS should occupy the entire LTE system bandwidth.

Observation: To support legacy implementations, CRS should occupy the entire LTE system bandwidth in the eMTC-NR coexistence scenario. 

System bandwidth of eMTC / NR
The LTE system bandwidth that supports eMTC does not need to be related to the NR bandwidth. While the obvious deployment is for the LTE system bandwidth to be smaller than the NR bandwidth, this is not a necessary condition.
Deployed eMTC systems enjoy the coverage, battery life, latency and throughput that they do partly due to the ability to perform frequency hopping in the eMTC DL and UL. If an LTE carrier supporting eMTC UEs is re-farmed to NR, the eMTC UE performance should not be degraded. Hence it should be possible to operate the eMTC UE in a wideband (e.g. 10MHz) LTE system bandwidth within the NR carrier.

The choice of LTE system bandwidth to use for eMTC-NR coexistence is a deployment issue and does not seem to require standardization.

Observation: Operating eMTC within a wider LTE system bandwidth is beneficial. The LTE system bandwidth used is a deployment choice.

Resource utilisation
Issues of resource utilization have been considered above in terms of PRB alignment and subcarrier alignment. There does not appear to be a significant resource utilization issue when eMTC coexists with NR.
3. Summary of Observations
This document has considered whether RAN1 enhancements are required for LTE-M / NR coexistence and makes the following observations:
Observation: The resource wasted by any PRB misalignments between eMTC and NR is not significant.

Observation: Subcarrier alignment can be resolved through puncturing, where “brute force puncturing” has no specification impact.

Observation: eMTC frequency hopping can be handled either using reserved resources or by scheduling means in NR.

Observation: To support legacy implementations, CRS should occupy the entire LTE system bandwidth in the eMTC-NR coexistence scenario. 

Observation: Operating eMTC within a wider LTE system bandwidth is beneficial. The LTE system bandwidth used is a deployment choice.

Based on these observations, our conclusion is that no RAN1 enhancements are necessary for eMTC-NR coexistence. It is already possible for eMTC and NR to coexist.
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