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1 Introduction

In RAN1#98, the following agreements were made –

· Specify NB-IoT resource reservation only for FDD/TDD NB-IoT non-anchor carriers.

· UL resource reservation for NB-IoT is supported.

· FDD UL resource reservation is supported with subframe-level granularity

· FFS: Slot-level, symbol-level

· DL resource reservation is supported with slot-level and symbol(s)-level granularity.

· The reserved resource in NB-IoT non-anchor carrier is semi-statically configured by higher layer signalling.

· FFS whether the resource in an invalid and/or valid subframe indicated by legacy downlink bitmap can be configured as the reserved resource

· FFS signalling

· NB-IoT transmission can be postponed or dropped depending on the granularity of the reserved resources.

· NB-IoT transmission is dropped for symbol-level reserved resources.

· NB-IoT transmission is dropped for slot-level reserved resources.

· NB-IoT transmission is postponed for subframe-level reserved resources.
In this contribution, we discuss remaining issues for coexistence improvement based on NB-IoT resource reservation.
2 Resource Reservation in NB-IoT
In Rel-16, it was agreed to support NB-IoT resource reservation for at least FDD/TDD NB-IoT non-anchor carriers, at least in DL, to avoid resource overlap between NR and NB-IoT when NB-IoT is deployed within an NR carrier. In RAN1#98, good progress were made with respect to resource reservation. Several issues, however, remain and are being addressed in this contribution.
UL Resource Reservation

In RAN1#98 it was agreed to support at least subframe-level resource reservation in the uplink. This can be used e.g. to avoid PRACH transmission from NR. It was, however, FFS, whether slot-level and/or symbol-level resource reservation can also be supported like in the downlink. There are two key areas where resource reservation with finer resource granularity can be beneficial – NR deployment with higher sub-carrier spacing and NR TDD deployment.
For IIoT, support for both URLLC and mMTC use cases are crucial. Due to the strict latency requirement for URLLC, it is generally supported by deploying NR with higher sub-carrier spacing (e.g. 30 kHz or 60 kHz). This means that the NR slot is only a fraction of the NB-IoT subframe. In addition, in NR the uplink transmission can occupy any number of symbols to minimize transmission time. Therefore, if only subframe-level resource reservation is available in NB-IoT, a lot of NB-IoT resource will be wasted when only a fraction of the subframe is used by NR.
In addition, NR supports more flexible as well as dynamic TDD configurations. An example of such NR TDD deployment is shown in Figure 1. In this case, subframes that contain both DL and UL in NR will have to be marked as reserved by NB-IoT if they are uplink subframes. This wastes NB-IoT resources. Instead, if finer-granularity UL resource reservation is allowed, NB-IoT transmission can take advantage of the available fraction as shown in Figure 1.
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Figure 1. Symbol-level NB-IoT reserved resource.

Finally, it was agreed to support slot-level and symbol(s)-level granularity for DL resource reservation. This means that the eNB and UE must be able to handle partial transmission/reception which is similar to TDD transmission in special subframes. Therefore, extension of slot-level and symbol(s)-level granularity to the UL should not introduce significant complexity to either the eNB or UE.

Therefore, it is proposed to also support UL resource reservation with slot-level and symbol(s)-level granularity in addition to subframe-level granularity.

Proposal 1: Support UL resource reservation with slot-level and symbol(s)-level granularity in addition to subframe-level granularity.
Reserved Resource Signaling
In RAN1#84, it was agreed to support NB-IoT resource reservation only for non-anchor carriers. In addition, the reserved resource will be semi-statically configured by higher layer signaling. One aspect to considered is whether the reserved resource configuration applies to all non-anchor carriers or per carrier. Since carrier placement is crucial to determining overlap with NR, it is important to be able to reserve resource per carrier.
Proposal 2: NB-IoT reserved resource can be separately configured per NB-IoT non-anchor carrier. 
For the configuration, it is proposed to use the same or similar approach as NR. That is, NB-IoT reserved resource can be done per NB-IoT carrier (i.e. PRB-level) in the frequency domain and using subframe-level, slot-level, or symbol(s)-level bitmap in the time-domain. A field can be used to indicate the granularity of the time-domain or it can be determined implicitly from the bitmap length. 
Proposal 3: NB-IoT reserved resource configuration is given per NB-IoT carrier using subframe-level, slot-level, or symbol(s)-level bitmap in the time-domain.
DCI Override
In RAN1#84, it was agreed that the reserved resource will be semi-statically configured by higher layer signaling. 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 2. 
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Figure 2. NB-IoT reserved resource override. 

However, some restrictions may be needed. For instance, this can only be used if there is no repetition or for small number of repetitions. Therefore, it is proposed that the eNB can dynamically override the reserved resource via DCI. This means that the UE will transmit or receive in the reserve resource if indicated so by the DCI.
Proposal 4: The eNB can dynamically override the reserved resource via DCI under certain conditions.
Handling of Dropped Transmission
In RAN1#84, it was agreed that -
· NB-IoT transmission can be postponed or dropped depending on the granularity of the reserved resources.

· NB-IoT transmission is dropped for symbol-level reserved resources.

· NB-IoT transmission is dropped for slot-level reserved resources.

· NB-IoT transmission is postponed for subframe-level reserved resources.
From the agreement, it is understood that the UE will not transmit or receive anything during the reserved resource. For subframe-level, legacy procedure of postponement will be used. However, for slot-level and symbol-level, NB-IoT transmission will be dropped. That is, in the case of dropping, there would be no making up of missing transmission.
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Figure 3. NB-IoT transmission with reserved resource.

It would be up to the eNB to manage the scheduling such that QoS can still be met. Although it can be understood that transmission that are dropped will be punctured out, this is not clear as, alternately, rate-matching can also be used. Puncturing allows soft-combining and minimizes changes to the processing (both transmit and receive end). It is therefore proposed that NB-IoT transmission is punctured whenever it is dropped.
Proposal 5: For slot-level and symbol(s)-level reserved resource, NB-IoT transmission is punctured whenever it is dropped.
3 Conclusions

In this contribution, we consider NB-IoT resource reservation and make the following proposals –
Proposal 1: Support UL resource reservation with slot-level and symbol(s)-level granularity in addition to subframe-level granularity.
Proposal 2: NB-IoT reserved resource can be separately configured per NB-IoT non-anchor carrier. 
Proposal 3: NB-IoT reserved resource configuration is given per NB-IoT carrier using subframe-level, slot-level, or symbol(s)-level bitmap in the time-domain.
Proposal 4: The eNB can dynamically override the reserved resource via DCI under certain conditions.
Proposal 5: For slot-level and symbol(s)-level reserved resource, NB-IoT transmission is punctured whenever it is dropped.
4 References

[1] R1-1909557, “Feature lead summary of coexistence of NB-IoT with NR,” Futurewei, RAN1#98, Prague, Czech Republic.
[2] R1-1908303, “Coexistence of NB-IoT with NR,” Nokia, Nokia Shanghai Bell, RAN1#98, Prague, Czech Republic.
[3] R1-1908030, “Coexistence of NB-IoT with NR,” Ericsson, RAN1#98, Prague, Czech Republic.
[4] R1-1908089, “Performance enhancements for NB-IoT coexistence with NR,” Huawei, HiSilicon, RAN1#98, Prague, Czech Republic.
[5] R1-1908837, “Coexistence of NB-IoT with NR,” Qualcomm Incorporated, RAN1#98, Prague, Czech Republic.
