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In RAN#84 [1] meeting, the following objective was approved for studying possible issues related to coexistence of LTE-MTC with NR.
	Coexistence with NR:
· Specify the following performance improvements for LTE-MTC coexistence with NR [RAN1, RAN2, RAN4]
· LTE-MTC resource reservation at least in the time domain with at least one of slot-level and symbol-level granularity at least in DL to avoid resource overlap between NR and LTE-MTC when LTE-MTC is deployed within an NR carrier
· LTE-MTC subcarrier puncturing for a small number of LTE-MTC DL subcarriers (excluding CRS) to reduce the number of NR resource blocks that need to be reserved for LTE-MTC when LTE-MTC is deployed within an NR carrier



In RAN1#98bis meetings [2], the following agreements were achieved on eMTC co-existence with NR.
	Agreement
For resource reservation for LTE eMTC in Rel-16, the configuration is independent from legacy subframe level resource reservation.

Agreement
For LTE-MTC resource reservation, for unicast, symbols of MPDCCH/PDSCH scrambled by C-RNTI or SPS-C-RNTI that would fall into the reserved resource are dropped for symbol-level and slot-level reserved resources.
· Dropped means punctured
· FFS: CSI-RS

Agreement
For LTE-MTC resource reservation, UL resource reservation for LTE eMTC with slot-level and symbol(s)-level granularity in addition to subframe-level granularity is supported.

Agreement
For LTE-MTC resource reservation, for unicast transmission, dynamic DCI signalling can be used to [indicate or override] which reserved resources are used for the scheduled LTE eMTC transmission

Agreement
For LTE-MTC resource reservation, the higher-layer configuration is cell-specific

Agreement
LTE-MTC DL frequency-domain resource reservation is supported
· FFS: granularity of resource reservation

Agreement
The puncturing feature is configured by higher layers via SIB (details FFS)

Agreement
From UE point of view, if one RE of the SFBC RE pair is configured as the punctured subcarrier, the SFBC pair is assumed to be punctured.

Agreement
LTE MTC DL subcarrier puncturing applies to CSI-RS 


In this contribution, the issues for better coexistence with NR are discussed and the corresponding views are provided. 
[bookmark: _Ref129681832]Discussion
Subcarrier puncturing 
Based on the WID, outlying subcarrier puncturing is applied aiming to reduce the number of NR resource blocks that need to be reserved for LTE-MTC. The outlying subcarriers are caused by the DC subcarrier in LTE and the misalignment of the channel raster.  So the outlying subcarriers are located in the bandwidth boundary. In addition, the eMTC UEs can be scheduled across the whole bandwidth and frequency hopping also can be configured. So it is very difficult to puncture subcarriers per narrowband or per transmission. In contrast, a resource reservation mechanism is more flexible and can be used to reserve resources per transmission or per narrowband. Therefore, there is no need to puncture the subcarriers per transmission or per narrowband.
Proposal 1: The LTE-MTC DL subcarrier puncturing only applies per system bandwidth and is supported on both sides of the transmission bandwidth.
Since subcarrier puncturing is applied to the system bandwidth and it is relatively stable for a long time, the number of punctured subcarriers and their locations are semi-statically configured and there is no need to introduce DCI to indicate the subcarrier puncturing.
Proposal 2: The actual number of punctured subcarriers and their locations are configured by higher layers via SIB and no DCI is introduced to indicate the punctured subcarriers.
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 3: 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. 
In the last meeting, RAN1 has agreed that for LTE-MTC resource reservation, resource reservation for LTE eMTC with slot-level and symbol(s)-level granularity in addition to subframe-level granularity is supported. In NR, the periodicity of the half frame transmitting SSB is {5ms, 10ms, 20ms, 40ms, 80ms, 160ms}. When the SSB periodicity is large, only using the bitmap(s) to configure LTE-MTC symbol-level or slot-level reserved resources to avoid collision with NR SSB would increase the signalling overhead significantly. For example for 80ms SSB periodicity, the bitmap may need 160bits to indicate each slot whether it is reserved or not during the 80ms SSB periodicity assuming that each bit in the bitmap(s) corresponds to one slot. Another option would be using two-level bitmaps, one bitmap is the legacy valid/invalid subframe bitmap, another bitmap is to configure the reserved slots or symbols within the valid or invalid subframes. But the legacy bitmap is only 40bits which cannot be aligned with the SSB periodicity perfectly. Thus compared to only bitmap-based configuration, we can consider to use a periodicity, start position, duration and then use a bitmap to further indicate whether a symbol/slot in the duration is configured as the reserved resource or not.
Proposal 4: The reserved resource is configured by one periodicity, one start position and one duration.
· In the configured duration, a bitmap is used to indicate whether a symbol/slot is configured as the reserved resource or not.
In addition, it has been agreed that dynamic DCI signaling can be used to [indicate or override] which reserved resources are used for the scheduled LTE eMTC transmission. One remaining issue is the timing between the DCI and the subframe/slot that indicated resource reservation takes effect. The timing can be fixed to be one subframe or one slot after a fixed gap after the DCI, or be configured by UE-specific RRC message.
Proposal 5: The timing between the DCI and the subframe/slot that indicated resource reservation takes effects can be either fixed or configured by the eNB.
In order to make the reservation more flexible and compatible with the higher layer indication, the following indications should be included: the same as the higher layer indication, no reservation resource and other preconfigured reserved resource patterns. Therefore, at least 2 bits are needed. Considering control channel performance loss due to the increased DCI size and the scheduling flexibility, 2 bits field can be  a good tradeoff. 
Proposal 6:2 bits in the DCI are used to indicate the reserved resource including the following patterns:
· The same as the legacy higher layer indication, i.e. no dynamic reserve resource indication
· No reservation resource
· Preconfigured reserved resource pattern 1
· [bookmark: _GoBack]Preconfigured reserved resource pattern 2
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: There is no need to reserve resources in eMTC for URLLC and CORESET of NR.
Proposal 1: The LTE-MTC DL subcarrier puncturing only applies per system bandwidth and is supported on both sides of the transmission bandwidth.
Proposal 2: The actual number of punctured subcarriers and their locations are configured by higher layers via SIB and no DCI is introduced to indicate the punctured subcarriers.
Proposal 3: No new transmission scheme is introduced after the outlying subcarrier is punctured or rate-matched around.
Proposal 4: The reserved resource is configured by one periodicity, one start position and one duration.
· In the configured duration, a bitmap is used to indicate whether a symbol/slot is configured as the reserved resource or not.
Proposal 5: The timing between the DCI and the subframe/slot that indicated resource reservation takes effects can be either fixed or configured by the eNB.
Proposal 6:2 bits in the DCI are used to indicate the reserved resource including the following patterns:
· The same as the legacy higher layer indication, i.e. no dynamic reserve resource indication
· No reservation resource
· Preconfigured reserved resource pattern 1
· Preconfigured reserved resource pattern 2
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