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At RAN#84, the Rel-16 work item on additional enhancements for NB-IoT was updated. One of the objectives [1] in this work item is to specify NB-IoT resource reservation for at least FDD/TDD NB-IoT non-anchor carriers at least in DL shown below.

Coexistence with NR
· Specify 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 [RAN1,RAN2].

· For NB-IoT in-band, guard band and standalone operation co-existence with NR, including the case of NR configured in 15kHz SS Block SCS and the case of 30kHz SS Block SCS as specified in 38.101-1, investigate the following: [RAN4]
· 15KHz, 30KHz, and 60KHz numerologies for NR FR1 concerned bands, with higher priority given first to 15kHz and then to 30kHz
· Channel raster, PRB and subcarrier grid alignment between NB-IoT and NR
· Study feasible NB-IoT carrier(s) placement allocation without RF backward compatibility impact and compatible with Rel’13 NB-IoT and Rel’15 NR, to operate simultaneously within various NR channel bandwidths
· Study if the +6dB downlink RE power boosting can still be allowed for both in-band and guard band operation modes when co-existing with NR
· Synchronization issue between NR and NB-IoT, including timing advance
· Frequency band support in NB-IoT and NR
· Testability applicable to RF
· Coexistence between R15 NR and R13/R14/R15 NB-IoT.
Note: After RAN1 concludes the objective on R16 NB-IoT coexistence aspects, evaluate coexistence between R15 NR and R16 NB-IoT.

This contribution gives our views for NB-IoT resource reservation.

Resource reservation in NB-IoT
When NB-IoT is deployed within an NR carrier, it was agreed to specify NB-IoT resource reservation at least in DL to avoid resource overlap between NR and NB-IoT at RAN#84.
In uplink, the overlap issue also exists, e.g. NB-IoT uplink transmission overlaps with NR SRS. Note that NR SRS can be transmitted in any of the last 6 symbols in a subframe. Thus to avoid this overlap in uplink the resource reservation can also be supported. Otherwise the overlap can only be avoided by gNB scheduling, which may limit the gNB scheduling flexibility. Especially for coexistence of NR and FDD NB-IoT, there is no valid/invalid subframe configuration in uplink in FDD NB-IoT, so the gNB scheduling flexibility may be more limited.
And from NB-IoT point of view, the uplink reserved resource mechanism is also beneficial for eNB scheduling. As we know that in Rel-15 UL SPS was introduced for BSR for a connected mode UE, thus the eNB scheduling of other UEs’ uplink transmission should avoid the collision with this UE’s UL SPS transmission. Moreover the eNB scheduling should also avoid the collision with the preconfigured uplink resource which will be specified in Rel-16. This would complicate the eNB scheduling and may impact the resource efficiency of NB-IoT. To solve this issue, the eNB can configure some resources e.g. the UL SPS resource as reserved resource for a Rel-16 NB-IoT UE. In this way, eNB does not need to handle the collision between SPS and the scheduled uplink transmission for this UE, which would simplify the eNB scheduling.
Proposal 1: Support uplink resource reservation in Rel-16 NB-IoT.
The reserved resources in NB-IoT non-anchor carrier can be semi-statically configured. For example, the configuration can be a bitmap similar to downlink bitmap in CarrierConfigDedicated-NB IE. Note that the downlink bitmap in CarrierConfigDedicated-NB IE is UE specifically configured. Another option is to configure the duration and period of the reserved resources. Both configurations seem to be feasible, thus we have the following proposal.
Proposal 2: The reserved resource in NB-IoT non-anchor carrier is UE-specifically configured by higher layer signaling. FFS the detailed configuration.

Once some resources in a non-anchor carrier are configured as the reserved resource, it means that such reserved resource cannot be used by the NB-IoT UEs. So generally NB-IoT transmission can be dropped or postponed or rate matched if NB-IoT transmission would fall into the reserved resources. Rate matching is not suitable because combining between repetitions may not be possible if some repetitions are rate matched but other repetitions are not. Dropping is suitable for symbol-level resource reservation if only limited symbols are dropped. For example only 1 symbol is reserved, so dropping can be used with little impact to the detection performance. And in this case it does not make sense to postpone only 1 symbol considering that NB-IoT transmission e.g. NPDSCH/NPUSCH is always based on subframe level. Postponing is suitable for subframe-level resource reservation since no detection performance is expected. Thus how to handle NB-IoT transmission that would fall into the reserved resources actually depends on the reserved resource granularity. Considering that NR PDSCH and NR PUSCH time domain resource allocation is always based on symbol level, thus it seems to be natural to have symbol-level resource reservation, thus drop unicast NPDSCH and NPUSCH can be supported.
Proposal 3: For unicast, NPDSCH and NPUSCH that would fall into the reserved resource can be dropped if the reserved resource granularity is symbol-level.

Proposal 4: For unicast, NPDSCH and NPUSCH that would fall into the reserved resource can be postponed if the reserved resource granularity is subframe-level.

In previous meetings, it was also discussed on whether the eNB can furthermore dynamically override the reserved resource via DCI, i.e. whether NB-IoT can further use the reserved resources based on the indication in DCI. Clearly there is no need to reserve NB-IoT resources if there is no NR transmission. Thus it is preferred to have this overriding, so the NB-IoT UE can use this reserved resources for transmission based on the indication in DCI.
Proposal 5: DCI can further indicate that the reserved resources can be used for NB-IoT transmission.

Conclusion
In this paper, we discuss the coexistence of FDD/TDD NB-IoT and NR. Some additional NB-IoT enhancements are discussed.
Proposal 1: Support uplink resource reservation in Rel-16 NB-IoT.

Proposal 2: The reserved resource in NB-IoT non-anchor carrier is UE-specifically configured by higher layer signaling. FFS the detailed configuration.

Proposal 3: For unicast, NPDSCH and NPUSCH that would fall into the reserved resource can be dropped if the reserved resource granularity is symbol-level.

Proposal 4: For unicast, NPDSCH and NPUSCH that would fall into the reserved resource can be postponed if the reserved resource granularity is subframe-level.

Proposal 5: DCI can further indicate that the reserved resources can be used for NB-IoT transmission.
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