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1 Introduction

In RAN1#98bis, the following agreements were made –

· NB-IoT symbols that carry NRS are not reserved

· For resource reservation for NB-IoT in Rel-16, the configuration is independent from legacy subframe level resource reservation.

· For unicast, NPDCCH and NPDSCH scrambled by C-RNTI that would fall into the reserved resource are dropped for symbol-level and slot-level reserved resources.

· Dropped means punctured

· For unicast, NPUSCH scrambled by C-RNTI or SPS-C-RNTI that would fall into the reserved resource is postponed for subframe-level reserved resources.

· UL resource reservation for NB-IoT with slot-level and symbol(s)-level granularity in addition to subframe-level granularity is supported.

· FFS: whether the DMRS symbols can be configured as reserved resources

· NB-IoT reserved resource can be separately configured per NB-IoT non-anchor carrier.

· For unicast transmission, dynamic DCI signalling can be used to [indicate or override] which reserved resources are used for the scheduled NB-IoT transmission

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#98bis, good progress were made with respect to resource reservation. Several issues, however, remain and are being addressed in this contribution.
Reserved Resource Signaling
In RAN1#98bis, it was agreed NB-IoT reserved resource can be separately configured per NB-IoT non-anchor carrier. In addition, the configuration is independent from legacy subframe level resource reservation. 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 1: NB-IoT reserved resource configuration is given using a bitmap-based scheme.
In [3], a bitmap-based scheme using two bitmaps is proposed for time-domain reservation. The first bitmap will indicate the subframes in which resource reservation will apply to. To maintain compatibility with Rel-13 invalid subframe bitmap, this first bitmap may indicate resource reservation for 10ms or 40ms period. The second bitmap will then indicate which symbols are reserved in those subframes. For SSB, the periodicity can be 5ms, 10ms, 20ms, 40ms, 80ms, and 160ms. The two-level bitmap can handle up to 40ms SSB periodicity if limited to the same period as Rel-13 invalid subframe bitmap. For 80ms and 160ms periodicity, the 40ms bitmap can be used. Although there would be some wasted resource, this is acceptable considering the need to limit the size of the bitmap. The second bitmap is not necessary for subframe-level resource reservation. For slot-level, the second bitmap would contain two bits, while for symbol-level, the second bitmap would be at most 10 bits (since symbols containing NRS are not reserved) but can be further reduced to e.g. 5 bits by grouping 2 symbols together.

In [4], a different scheme is proposed. In this case, a bitmap (10bits or 40 bits) will indicate the symbols, slots, or subframes that are reserved. For symbol and slot-level reservation, start position, periodicity, and duration are further specified. 
Considering the two above options, we prefer to have a two-level bitmap as it provides more flexibility to handle also NR transmissions with different periodicities (e.g. SSB and CORESET) as well as other potential transmissions (e.g. URLLC) that may be reserved by NR. In addition, the overhead of the two schemes are expected to be similar (i.e. one bitmap + another bitmap or one bitmap + RRC signaling for the time region).
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Figure 1. Two-level bitmap resource reservation in time-domain.

Figure 1 illustrates the two-level bitmap resource reservation in time domain.
Proposal 2: NB-IoT reserved resource configuration is given using two-level bitmap – the first bitmap (10 or 40 bits) indicates the reserved subframes and the second bitmap indicates the reserved symbols or slot within the subframes.

In addition, reserved resource configuration should be a cell-specific configuration (as already agreed for eMTC) as there is no reason for different UEs to have different reserved resource configurations. Although this introduces additional signaling in the SIB, it is far more efficient than using UE-specific RRC signaling.

Proposal 3: Reserved resource configuration is configured by cell-specific higher-layer signaling. 
DMRS Handling
In RAN1#98bis, it was agreed that UL resource reservation for NB-IoT with slot-level and symbol(s)-level granularity in addition to subframe-level granularity is supported. However, it was left FFS whether the DMRS symbols can be configured as reserved resources. As noted, for unicast, NPUSCH scrambled by C-RNTI or SPS-C-RNTI that would fall into the reserved resource is postponed for subframe-level reserved resources. This therefore can be configured only for Rel-16 and beyond UEs that support resource reservation and will not impact legacy UEs. In the DL, it has been agreed that NB-IoT symbols that carry NRS are not reserved to minimize impact to UE implementation and due to the fact that NR is not aware of NRS. In the uplink, however, the issue of DMRS is about channel estimation in the eNB and complexity at the UE side is not affected. In this case, allowing symbols containing DMRS to also be reserved would limit interference to NR as otherwise the UE will be transmitting those symbols. Therefore, it is proposed that symbols containing DMRS may be reserved.
Proposal 4: Symbols containing DMRS may be reserved.
3 Conclusions

In this contribution, we consider NB-IoT resource reservation and make the following proposals –
Proposal 1: NB-IoT reserved resource configuration is given using a bitmap-based scheme.

Proposal 2: NB-IoT reserved resource configuration is given using two-level bitmap – the first bitmap (10 or 40 bits) indicates the reserved subframes and the second bitmap indicates the reserved symbols or slot within the subframes.

Proposal 3: Reserved resource configuration is configured by cell-specific higher-layer signaling. 
Proposal 4: Symbols containing DMRS may be reserved.
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