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At RAN#85, 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].
….

In RAN1#98bis, the following agreements were achieved.
Agreement
NB-IoT symbols that carry NRS are not reserved
Agreement
For resource reservation for NB-IoT in Rel-16, the configuration is independent from legacy subframe level resource reservation.
Agreement
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
Agreement
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.
Agreement
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
Agreement
NB-IoT reserved resource can be separately configured per NB-IoT non-anchor carrier.
Agreement
For unicast transmission, dynamic DCI signalling can be used to [indicate or override] which reserved resources are used for the scheduled NB-IoT transmission

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

Resource reservation in NB-IoT
In RAN1#98bis meeting it was agreed to support slot-level and symbol(s)-level granularity in uplink resource reservation but it is not clear about how to handle the NPUSCH transmission for slot-level and symbol(s)-level granularity. Simply it can be the same as downlink, i.e. drop NPUSCH that would fall into the slot-level/symbol(s)-level reserved resources.
Proposal 1: For unicast, NPUSCH scrambled by C-RNTI or SPS-C-RNTI that would fall into the reserved resource is dropped for symbol-level and slot-level reserved resources.
· Dropped means punctured.
For symbol(s)-level/slot-level reserved resource configuration, bitmap-based configuration can be used to indicate which symbol or which slot is configured as the reserved resource. In downlink, one of the benefit for resource reservation is to avoid the collision between NB-IoT and NR SSB. In NR, the periodicity of the half frame transmitting SSB is {5ms, 10ms, 20ms, 40ms, 80ms, 160ms} and the SSB transmission within the half frame is indicated by a 4bits or 8bits or 64bits bitmap. An example for SSB transmission is shown in figure 1 for 15kHz SCS. In order to avoid the collision between SSB and NB-IoT, one bitmap can be used to indicate which subframe is reserved or not, then another bitmap can be used to indicate the 
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Figure 1: One SSB transmission pattern as an example
reserved slots or the symbols within the subframes indicated by the first bitmap. For instance in figure 1, if the first bitmap is the legacy 40bits valid/invalid subframe bitmap, then some subframes not transmitting SSB also have to be configured as the reserved resources which is unnecessary. Another option for the first bitmap is using 160bits where each bit corresponds to one subframe but the signaling overhead is too large. The second bitmap may need only 4 bits where each bit corresponds to one slot if slot-level granularity is used. 
Observation 1: the bitmap length would be large if only consider the bitmap to configure the reserved resources to avoid the collision between NB-IoT and NR SSB with large periodicity e.g. 80ms or 160ms.
Thus compared to only bitmap-based configuration, we can consider to use a periodicity, start position (i.e. offset), duration and using a bitmap to further indicate whether a symbol/slot/subframe in the duration is configured as the reserved resource or not shown in figure 2. It can reduce the signalling overhead and provide more flexibilities than only bitmap-based configuration. The periodicity of the resource reservation configuration can be the same as the SSB periodicity. This configuration mechanism can also be applied in uplink resource reservation. But in uplink, NB-IoT supports 15kHz SCS and 3.75kHz SCS, and the duration of a symbol/slot is different in different SCS e.g. a slot is 0.5ms for 15kHz but 2ms for 3.75kHz. Thus simply we can use 15kHz as the reference to configure uplink reserved resources i.e. each bit corresponds to one 15-kHz symbol for symbol-level granularity or one 0.5ms slot for slot-level granularity which is the same as the downlink.
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Figure 2: Configuration for the reserved resources
Proposal 2: The reserved resource is configured by one periodicity, one start position (i.e. offset), and one duration.
· In the duration, a bitmap is used to indicate whether a symbol/slot/subframe is configured as the reserved resource or not.
· Each bit in the bitmap is configured corresponding to a 15kHz symbol for symbol(s)-level granularity or a 0.5ms slot for slot-level granularity or a subframe for subframe-level granularity.
Proposal 3: The periodicity T is {5ms, 10ms, 20ms, 40ms, 80ms, 160ms}, the start position is ,  is {0, 1/5, 2/5, 4/5}, the duration is {2ms, 5ms, 10ms, 20ms, 40ms, 80ms, 160ms}.
For the bitmap, for uplink we can use 14bits for each symbol to indicate whether it is reserved or not. However, 10 bits for downlink are enough for each symbol in one subframe to indicate whether it is reserved or not since it was already agreed to not reserve NRS symbols i.e. the last 2 NRS symbols in a slot are always not the reserved resources. So we can save 4bits for downlink. For slot-level or subframe level, we can also use 10 bits in the bitmap. Thus we have the following proposal.
Proposal 4: For symbol-level reserve resource configuration, the bitmap is 10bits for downlink and 14bits for uplink.
Proposal 5: For slot-level reserve resource configuration, the bitmap is 10bits for both downlink and uplink.
Proposal 6: For subframe-level reserve resource configuration, the bitmap is 10bits or 40bits for uplink.
In RAN1#98bis, there is FFS whether the DMRS symbols can be configured as reserved resources. Considering that the DMRS is mainly used for channel estimation, it is preferred to transmit DMRS and NPUSCH in DMRS symbols if DMRS symbols are configured as the reserved resource. It can maintain the same channel estimation performance as the legacy from NB-IoT perspective.
Proposal 7: For symbol-level reserve resource, UE shall transmit DMRS and NPUSCH in DMRS symbols if DMRS symbols are configured as the reserved resources.
In last meeting, it was agreed to support DCI to indicate or override which reserved resources for the scheduled NB-IoT transmission, but it is still not clear how many bits can be used in DCI. For DCI format N1 in downlink, this DCI schedules NPDSCH and NPUSCH format 2 carrying ACK/NACK. It is natural to use one bit to indicate whether the DL reserved resources can be used for scheduled NPDSCH, and to use another bit to indicate whether the UL reserved resources can be used for scheduled NPUSCH format 2. Since generally the reserved resource configuration in downlink and uplink may be different, and in some cases that the DL reserved resource would be used by NR but the UL reserved resource may be not. This separate indication can provide more flexibility than one bit common indication. For DCI N0 in uplink, one bit indication is enough since there is only NPUSCH format 1 transmission in uplink.
Proposal 8: In DCI N1, one bit indicates whether the DL reserved resources are used for scheduled NPDSCH transmission, and another bit indicates whether the UL reserved resources are used for scheduled NPUSCH format 2 transmission.
[bookmark: _GoBack]Proposal 9: In DCI N0, one bit indicates whether the UL reserved resources are used for scheduled NPUSCH format 1 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: For unicast, NPUSCH scrambled by C-RNTI or SPS-C-RNTI that would fall into the reserved resource is dropped for symbol-level and slot-level reserved resources.
· Dropped means punctured.
Observation 1: the bitmap length would be large if only consider the bitmap to configure the reserved resources to avoid the collision between NB-IoT and NR SSB with large periodicity e.g. 80ms or 160ms.
Proposal 2: The reserved resource is configured by one periodicity, one start position (i.e. offset), and one duration.
· In the duration, a bitmap is used to indicate whether a symbol/slot/subframe is configured as the reserved resource or not.
· Each bit in the bitmap is configured corresponding to a 15kHz symbol for symbol(s)-level granularity or a 0.5ms slot for slot-level granularity or a subframe for subframe-level granularity.
Proposal 3: The periodicity T is {5ms, 10ms, 20ms, 40ms, 80ms, 160ms}, the start position is ,  is {0, 1/5, 2/5, 4/5}, the duration is {2ms, 5ms, 10ms, 20ms, 40ms, 80ms, 160ms}.
Proposal 4: For symbol-level reserve resource configuration, the bitmap is 10bits for downlink and 14bits for uplink.
Proposal 5: For slot-level reserve resource configuration, the bitmap is 10bits for both downlink and uplink.
Proposal 6: For subframe-level reserve resource configuration, the bitmap is 10bits or 40bits for uplink.
Proposal 7: For symbol-level reserve resource, UE shall transmit DMRS and NPUSCH in DMRS symbols if DMRS symbols are configured as the reserved resources.
Proposal 8: In DCI N1, one bit indicates whether the DL reserved resources are used for scheduled NPDSCH transmission, and another bit indicates whether the UL reserved resources are used for scheduled NPUSCH format 2 transmission.
Proposal 9: In DCI N0, one bit indicates whether the UL reserved resources are used for scheduled NPUSCH format 1 transmission.
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A bitmap is further used to configure
the reserved resources in the duration.




