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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].

· 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.

In RAN1#98, the following agreements were achieved.
Agreement
Specify NB-IoT resource reservation only for FDD/TDD NB-IoT non-anchor carriers.

Agreement
UL resource reservation for NB-IoT is supported.

Agreement
· 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.

Agreement
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

Agreement
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.

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

Resource reservation in NB-IoT
In previous meeting it was agreed to drop NB-IoT transmission for both symbol-level and slot-level reserved resources in downlink, and to postpone NB-IoT transmission for subframe-level reserved resources in uplink. However it is still not clear about the NB-IoT transmission e.g. whether it applies to paging, RACH or unicast on non-anchor carriers. From backward compatibility point of view, drop or postpone NPDSCH carrying e.g. paging message is not feasible since legacy UEs do not know the reserved resources but legacy UEs would still need to receive the NPDSCH carrying the paging message. Thus it is preferred to drop or postpone only for unicast transmission. More specifically, in downlink NPDCCH and NPDSCH can be dropped for symbol and slot-level, and in uplink NPUSCH can be postponed for subframe-level resource reservation to avoid the overlap between NR and NB-IoT.
Proposal 1: 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.
Proposal 2: For unicast, NPUSCH scrambled by C-RNTI that would fall into the reserved resource is postponed for subframe-level reserved resources.
In last meeting it is FFS slot-level, symbol-level granularity for uplink resource reservation. Considering that the overlap issue between NR and NB-IoT may also happen in uplink. For example 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. If configure this subframe as the reserved resource, then the symbols which do not overlap with NR SRS may be wasted. So it can also support uplink resource reservation with slot-level and symbol-level to avoid this wastage. For subframe-level granularity in FDD UL resource reservation as already agreed in last meeting, the configuration can be based on 10 bits or 40 bits bitmap to indicate whether the subframe is configured as the reserved resources or not. Note that FDD NB-IoT already has 10bits or 40bits bitmap in downlink.
Proposal 3: UL resource reservation is supported with slot-level and symbol(s)-level granularity. FFS the detailed configuration for slot-level and symbol(s)-level granularity.
Proposal 4: For subframe-level resource reservation in FDD UL, the configuration signalling is 10bits or 40bits bitmap.
It was agreed to configure the reserved resource in NB-IoT non-anchor carrier by higher layer signal and FFS the detailed signaling. Considering that the reserved resources are mainly used for unicast transmission not for paging, RACH etc. as discussed before, thus the signal can be UE-specific signaling which is similar to downlink bitmap in CarrierConfigDedicated-NB IE. And both valid subframes and invalid subframes indicated by legacy downlink bitmap in CarrierConfigDedicated-NB IE can be configured as the reserved resources.
Proposal 5: The reserved resource in NB-IoT non-anchor carrier is configured by UE-specific RRC signaling.
Proposal 6: The resource in both valid subframe and invalid subframe can be configured as the reserved resource.
For symbol(s)-level reserved resource configuration, bitmap-based configuration can be used to indicate which symbol is configured as the reserved resource. In downlink, NRS is transmitted in the last 2 symbols in a slot, if NRS symbol is reserved then it may have impact to the channel estimation for NPDSCH in that slot. So it is preferred to not configure NRS symbols to be the reserved resources. In this case 10 bits are enough for each symbol in one subframe to indicate whether it is reserved or not assuming the last 2 symbols in a slot are always not the reserved resources. It can save the signalling overhead compared with 14 bits bitmap configuration for one subframe. As to which subframe(s) where the 10-bits bitmap applies, one simple way is to use another bitmap e.g. 40bits, then the signalling overhead seems to be large. In order to save the signalling overhead, the subframe(s) where the bitmap applies can be indicated by one start position, one periodicity, and one duration.
Proposal 7: For symbol(s)-level resource reservation in downlink, the configuration signaling is a 10bits bitmap where each bit corresponds to one symbol which is not the NRS symbol, i.e. 10 bits for a subframe.
· Which subframe(s) the bitmap applies to are indicated by one start position, one periodicity, and one duration.
For slot-level reserved resource configuration, the configuration in symbol-level resource reservation can also be reused. The only difference is that one bit in the bitmap for symbol-level granularity is corresponding to one symbol, but in slot-level one bit is corresponding to one slot. Thus we have the similar proposal below.
[bookmark: _GoBack]Proposal 8: For slot-level resource reservation in downlink, the configuration signaling is a 10 bits bitmap where each bit corresponds to one slot, i.e. 10 bits for a half frame.
· Which half frame(s) the bitmap applies are indicated by one start position, one periodicity, and one duration.

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 9: 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: 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.
Proposal 2: For unicast, NPUSCH scrambled by C-RNTI that would fall into the reserved resource is postponed for subframe-level reserved resources.
Proposal 3: UL resource reservation is supported with slot-level and symbol(s)-level granularity. FFS the detailed configuration for slot-level and symbol(s)-level granularity.
Proposal 4: For subframe-level resource reservation in FDD UL, the configuration signalling is 10bits or 40bits bitmap.
Proposal 5: The reserved resource in NB-IoT non-anchor carrier is configured by UE-specific RRC signaling.
Proposal 6: The resource in both valid subframe and invalid subframe can be configured as the reserved resource.
Proposal 7: For symbol(s)-level resource reservation in downlink, the configuration signaling is a 10bits bitmap where each bit corresponds to one symbol which is not the NRS symbol, i.e. 10 bits for a subframe.
· Which subframe(s) the bitmap applies to are indicated by one start position, one periodicity, and one duration.
Proposal 8: For slot-level resource reservation in downlink, the configuration signaling is a 10 bits bitmap where each bit corresponds to one slot, i.e. 10 bits for a half frame.
· Which half frame(s) the bitmap applies are indicated by one start position, one periodicity, and one duration.
Proposal 9: DCI can further indicate that the reserved resources can be used for NB-IoT transmission.
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