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Discussion and Decision
1 Introduction

In Rel-16, it was agreed to study NR and LTE specifications to identify possible issues related to coexistence of eMTC with NR. In RAN#84, it was agreed to specify the following performance improvement techniques –

· 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 this contribution, we discuss the techniques for improving coexistence.
2 Resource Reservation
In NR, reserved resource can be used to reserve time and frequency resource for deployment of eMTC. This is done using RB-level bitmap in the frequency domain and symbol-level bitmap in the time-domain with repetition pattern. When there is no eMTC transmission, a significant of the eMTC time-frequency resources can be made available to NR. This allows gNB scheduler to dynamically take advantage of unused eMTC resource and support efficient coexistence of eMTC and NR.
Reserved resource allows the gNB to take advantage of eMTC time-frequency resources. Typically, NR eMBB and URLLC traffic has higher priority than mMTC traffic. In this case, some eMTC subframes may be pre-reserved for NR traffic or to support certain NR features such as dynamic TDD or URLLC. In eMTC, this can be handled using invalid subframe bitmap. Marking eMTC subframes as invalid, however, will reduce eMTC efficiency. 
In RAN1#97, it was concluded that –

· RAN1 concludes that finer-granularity LTE-M resource reservation at least in DL is beneficial in terms of performance for improving the coexistence with NR.

· RAN1 recommends at least in the time domain one of slot-level and symbol-level granularity for LTE-M resource reservation
Subframe-level reservation is similar to invalid bitmap. If dynamic indication can be supported, the eNB can then assign the reserved subframe to eMTC. This is similar to what is already supported in eMTC, where the eNB can override the invalid subframe bitmap in the uplink. Therefore, this option should naturally be supported.

Slot-level resource reservation is also beneficial, especially when NR is deployed using 30 kHz SCS. Even if done at a semi-static manner, this will still allow Rel-16 eMTC UE to take advantage of the slots that are not occupied by NR. Therefore, this option should also be supported.

Furthermore, slot-level resource reservation can be used to avoid SSB and CORESET that span few OFDM symbols. For instance, if SSB occurs every 5ms, then this overhead is 20% if only subframe-level resource reservation is used. The overhead can be reduced to 10% if slot-level resource reservation is used. This is a significant reduction.

Symbol-level resource reservation is beneficial for URLLC where mini-slots may be used. Given that slot-level (i.e. 7 symbols) resource reservation should be supported, it is not clear whether symbol-level resource reservation is needed as this can be seen as further optimization. However, as eMTC TDD in principle supports DL/UL transmission with only some symbols, it may not be difficult to extend that support to symbol-level resources. In addition, in some cases (e.g. 2-symbol mini-slot and 30 kHz SCS), it may be quite beneficial to support symbol-level resource reservation.

Therefore, it is proposed to support subframe-level, slot-level, or symbol-level resource reservation for eMTC in the time domain.

Proposal 1: In time domain, eMTC reserved resource can be subframe-level, slot-level, or symbol-level.
In the frequency domain, resource reservation on a PRB level is sufficient. It may be possible to reduce the overhead by using PRB group. However, as it is expected that resource reservation will be a cell-specific parameter that is typically semi-static, overhead reduction is not very crucial relative to having PRB-level granularity. However, having granularity finer than a PRB is not really beneficial. Therefore, it is proposed to support frequency domain granularity of one PRB for resource reservation.

Proposal 2: In frequency domain, eMTC reserved resource can be on PRB level.
In RAN1#96bis, it was assumed that the resource reservation is semi-statically configured. It is FFS whether the eNB can furthermore dynamically override or indicate additional reserved resource via DCI. In some cases, it may be beneficial if the gNB can indicate dynamically (e.g. via DCI) whether the reserved resources can be used by NB-IoT UE. For instance, in case there is no transmission in the CORESET, the gNB may wish to dynamically assign these resources to the UE as shown in Figure 1. 
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Figure 1. eMTC reserved resource override.

However, some restrictions may be needed. For instance, this can only be used if there is no repetition. Therefore, it is for FFS whether the eNB can dynamically override the reserved resource via DCI.

Proposal 3: eMTC reserved resource is semi-statically configured. It is for FFS whether the eNB can dynamically override the reserved resource via DCI.
For the configuration, it is proposed to use the same or similar approach as NR. That is, eMTC reserved resource can be done using RB-level bitmap in the frequency domain and subframe-level, slot-level, or symbol-level bitmap in the time-domain with repetition pattern. A field can be used to indicate the granularity of the time-domain resource reservation or it can be determined implicitly from the bitmap length. 
Proposal 4: eMTC reserved resource configuration is given by PRB-level bitmap in the frequency domain and subframe-level, slot-level, or symbol-level bitmap in the time-domain.
With respect to eMTC transmission in reserved resource, two options are possible – drop or postpone. Postponing can be difficult as reserved resource can be symbol level/slot level/subframe level/subcarrier level. Complicated rules may need to be defined to handle postponement. Therefore, it is proposed that eMTC transmission can be dropped in reserved resource. It would be up to the eNB to manage the scheduling such that QoS can still be met. This would be similar to NR where the UE will rate-match around reserved resources.

Proposal 5: eMTC transmission can be dropped in reserved resource.
To support reserved resource in eMTC, a bitmap can be used to mark these subframes as invalid for legacy UEs, while Rel-16 eMTC UE will be allowed to use the available symbols/slots on these subframes. For example, a second bitmap can be used to mark subframes indicated as invalid in the first bitmap that can be used for Rel-16 eMTC UE. Then symbol-level slot format indicator or reserved resource can be defined to allow Rel-16 eMTC UE to use the invalid subframes. For eMTC, the network can mark that subframe as invalid for legacy UE, while for Rel-16 UE the subframe can be used with symbol-level slot format indicator or reserved resource.

In all these cases, invalid subframe bitmap can be used by legacy UEs to avoid NR transmissions. However, as noted in the discussion above, NR transmissions may not occupy the entire eMTC subframe, so eMTC resource is wasted.

Observation 1: Invalid subframe bitmap can be used by legacy UEs to avoid eMTC reserved resource.
3 Puncturing
In RAN1#97, it was concluded that –

· Truncation of outlying LTE-M subcarriers in DL is beneficial for improving the coexistence with NR in at least some use cases.

· The truncation of outlying LTE-M subcarriers in the downlink should be limited to a very small number of subcarriers and the truncation is performed using puncturing.

· The truncation of outlying LTE-M subcarriers in the uplink is not specified in Rel-16.

Previously, it was assumed that possible truncation may be {1,4,5} and {2,3,6} subcarriers in case of even and odd total number of NR RBs, respectively. In addition, CRS is not truncated while DMRS is FFS. When the eMTC PRB extends too much into the NR PRB, it is not preferred to truncate eMTC PRB as too many subcarriers may be truncated. This is important when small number of PRBs are allocated. In addition, since CRS is not truncated and DMRS may possibly not be truncated as well, it will still create some interference into NR PRB. Therefore, it is proposed that punturing/rate-matching support is only limited to the case where a small number of subcarriers is truncated (e.g. up to 4).

Proposal 6: Puncturing shouldbe limited to only small number of subcarriers (e.g. up to 4).

In [3], it was proposed that rate-matching can be considered when there are more than 1-2 subcarriers to be truncated. The idea is that performance loss from puncturing may be too significant if too many subcarriers are punctured. This, however, depends on many factors, and it is worthwhile to consider this point, especially for UL when the UE is coverage-limited and would be scheduled only 1-2 PRBs.
Proposal 7: Puncturing is semi-statically configured. It is for FFS whether the eNB can dynamically override the puncturing via DCI.
It has been agreed that CRS will not be punctured. However, it is FFS whether DMRS will be punctured. In this case, since puncturing will be done for only smaller number of subcarriers, it is proposed to also punctured DMRS.
Proposal 8: DMRS is also punctured in the outlying subcarriers.
4 Conclusions

In this contribution, we consider eMTC resource reservation and make the following observation and proposals –
Proposal 1: In time domain, eMTC reserved resource can be subframe-level, slot-level, or symbol-level.

Proposal 2: In frequency domain, eMTC reserved resource can be on PRB level.
Proposal 3: eMTC reserved resource is semi-statically configured. It is for FFS whether the eNB can dynamically override the reserved resource via DCI.
Proposal 4: eMTC reserved resource configuration is given by PRB-level bitmap in the frequency domain and subframe-level, slot-level, or symbol-level bitmap in the time-domain.
Proposal 5: eMTC transmission can be dropped in reserved resource.
Observation 1: Invalid subframe bitmap can be used by legacy UEs to avoid eMTC reserved resource.
Proposal 6: Puncturing shouldbe limited to only small number of subcarrier (e.g. up to 4).

Proposal 7: Puncturing is semi-statically configured. It is for FFS whether the eNB can dynamically override the puncturing via DCI.
Proposal 8: DMRS is also punctured in the outlying subcarriers.
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