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1 Introduction
In RAN1 #98bis meeting, there had the following agreements on the coexistence of NB-IoT with NR [1].

	Agreement

· 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 the NB-IoT resource reservation for coexistence between NB-IoT and NR.

2 Resource reservation in NB-IoT

2.1 Semi-static resource reservation
In DL NB-IoT, the key intention to introduce slot-level resource reservation is to avoid collision with NR SSB. The SSB block is transmitted multiple times during a SSB burst period within 5ms. For 15 kHz subcarrier spacing and band < 3GHz, the maximum number of candidate SSBs is 4 within each SSB periodicity (5 ms, 10 ms, 20 ms, 40 ms, 80 ms, or 160 ms). We can observe from Figure 1 that only the first four DL NB-IoT slots may have collision issue within a SSB periodicity. In this case, the reservation bitmap is needed only in the potential collision time period within a SSB periodicity. For NB-IoT DL time-domain resources reservation with slot-level granularity, 4-bit fixed length bitmap(s) can be configured for partial time region within a SSB periodicity. The NR SSB periodicity is signalled to the NB-IoT UEs by RRC signalling.
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Figure 1 NR SSB blocks within SSB periodicity for 15 kHz SCS and band < 3GHz
Proposal 1: For DL NB-IoT time-domain resources reservation with slot-level granularity, fixed length bitmap(s) can be configured for the first four DL NB-IoT slots within a NR SSB periodicity.

· The bitmap length is 4.
· The NR SSB periodicity is signalled to the NB-IoT UEs by RRC signalling.
For DL NB-IoT symbol-level resource reservation, the length of symbol-level bitmap should consider the trade-off of signalling overhead and the resource utilization. To avoid collision with NR transmission with relatively large periodicity, resource reservation by using long length bitmap has good resource utilization but the overhead is high while using short length bitmap can save the signalling overhead but with the drawback of serious resource waste. For NB-IoT DL time-domain resources reservation with symbol-level granularity, fixed length bitmap(s) can be configured for partial time region within a periodicity. For symbol-level resource reservation, NB-IoT symbols that carry NRS are not reserved. As shown in Figure 2, the maximum number of symbols in a subframe can be reserved is 10. 10-bit symbol-level bitmap can be configured for partial time region within a periodicity. For example, if the periodicity is 100 ms, 10-bit symbol-level bitmap can be configured for the 2nd and 3rd frame within the 100 ms period.
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Figure 2 Symbol-level resource reservation for DL NB-IoT
Proposal 2: For NB-IoT DL time-domain resources reservation with symbol-level granularity, fixed length bitmap(s) can be configured for partial time region within a periodicity.

· The bitmap length is 10.
· The periodicity and the time region within the periodicity are signalled to the NB-IoT UEs by RRC signalling.
For UL NB-IoT, as shown in Figure 3, DMRS locates in the 4th symbol of every 7 symbols for 15 kHz subcarrier spacing while DMRS symbol is the 5th symbol of every 7 symbols in 2 ms NB-slot for single tone 3.75 kHz subcarrier spacing. For UL NB-IoT, the eNB cannot correctly decode data transmission in a slot without DMRS. Therefore, for symbol-level resource reservation, DMRS symbol cannot be reserved if other symbols in corresponding slot are not reserved. For slot-level reservation in UL NB-IoT, if a given slot is reserved, the DMRS transmission in the slot is also dropped. 
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Figure 3 Symbol-level resource reservation for UL NB-IoT
Proposal 3: For symbol-level resource reservation in UL NB-IoT, DMRS symbol cannot be reserved if other symbols in corresponding slot are not reserved. 
Proposal 4: For slot-level reservation in UL NB-IoT, DMRS transmission in a reserved slot is dropped.
For NB-IoT UL time-domain resources reservation with symbol-level granularity, fixed length bitmap(s) can be configured for partial time region within a periodicity. The periodicity and the time region within the periodicity are signalled to the NB-IoT UEs by RRC signalling. For UL resources with 15 kHz SCS and symbol-level resource reservation, the bitmap length can be 12 bits for every two slots or 24 bits for every four slots.  
Proposal 5: For NB-IoT UL time-domain resources reservation with symbol-level granularity, fixed length bitmap(s) can be configured for partial time region within a periodicity.

· For UL with 15 kHz SCS, the bitmap length is 12 bits for every two slots.

· The periodicity and the time region within the periodicity are signalled to the NB-IoT UEs by RRC signalling.
Once the semi-statically reserved resources are configured, the reserved resources may not be used by NR. To improve the resource utilization of NB-IoT system, DCI signalling can be used to dynamically override the resource reservation. For example, 2 bits in the DCI are used to indicate the following four cases:

· The reserved resources during the transmission period cannot be used by NB-IoT.
· The reserved resources during the first half part of the transmission period cannot be used by NB-IoT.  
· The reserved resources during the second half part of the transmission period cannot be used by NB-IoT.
· The reserved resources during the transmission period can be used by NB-IoT.
Proposal 6: For unicast NB-IoT transmission scheduled by DCI, 2 bits in the DCI are used to dynamically override the resource reservation during the transmission period for the following cases:

· The reserved resources cannot be used by the unicast transmission.

· The reserved resources during the first half part can be used by the unicast transmission.

· The reserved resources during the second half part can be used by the unicast transmission.

· The reserved resources can be used by the unicast transmission.

2.2 Dynamic singling of collided resource
For coexistence of NB-IoT with NR, when multiple non-anchor carriers are deployed, URLLC and NB-IoT UEs may share the same frequency region. Due to NB-IoT repetitions, the current NB-IoT transmission may last long time and may be scheduled relatively long time ago. Since the resources have already been allocated to NB-IoT transmission with long repetitions, in this case, dynamic resource reservation cannot meet the low latency requirement for URLLC service. Preconfigured resource reservation in NB-IoT can reduce the interference to reference signals in NR and reduce the performance degradation of NB-IoT transmission caused by collision with URLLC service. However, the semi-statically configured resource reservation may be wasted if there has no urgent URLLC service. Due to low latency requirement, URLLC service cannot wait for the semi-statically configured reserved resource for transmission. Furthermore, URLLC service is random and urgent, semi-statically configured resource reservation cannot resolve the collision caused by URLLC service.

Observation 1: semi-statically configured resource reservation cannot resolve the collision caused by URLLC service.
To meet the low latency requirement, URLLC would occupy the resources of NB-IoT transmission. If the number of URLLC UEs allocated in a given frequency region is large, performance of NB-IoT transmission may be degraded since the allocated NB-IoT resources are punctured by URLLC services. 

For downlink, besides the resources punctured by URLLC services, the allocated NB-IoT resources may be interfered by SSB from neighboring NR cells. If the NB-IoT UE does not know that partial resources are punctured by URLLC service,   the NB-IoT UEs may regard URLLC data or interference as useful NB-IoT transmission which is harmful for NB-IoT decoding. In Rel-15 NR system, interrupted transmission indication can be used to signal to the UEs that the allocated resources may be punctured by other downlink transmission due to collision. Interrupted transmission indication is helpful for UE’s data decoding. As shown in Figure 4, dynamic indication in DCI can be considered to signal the puncturing information or interference information about the previous NB-IoT transmission. The NB-IoT UE would handle the destroyed NB-IoT transmission according to the information of dynamic indication in DCI. 
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Figure 4 Dynamic indication of interference or puncturing information of NB-IoT transmission

Proposal 7: For NB-IoT coexistence with NR, dynamic signaling in DCI is used to indicate puncturing/interference information to NB-IoT UEs.

3 Conclusions

In this contribution, we have discussed the resource reservation for coexistence NB-IoT with NR. We make the following observations and proposals:
Observation 1: semi-statically configured resource reservation cannot resolve the collision caused by URLLC service.
Proposal 1: For DL NB-IoT time-domain resources reservation with slot-level granularity, fixed length bitmap(s) can be configured for the first four DL NB-IoT slots within a NR SSB periodicity.

· The bitmap length is 4.
· The NR SSB periodicity is signalled to the NB-IoT UEs by RRC signalling.
Proposal 2: For NB-IoT DL time-domain resources reservation with symbol-level granularity, fixed length bitmap(s) can be configured for partial time region within a periodicity.

· The bitmap length is 10.
· The periodicity and the time region within the periodicity are signalled to the NB-IoT UEs by RRC signalling.
Proposal 3: For symbol-level resource reservation in UL NB-IoT, DMRS symbol cannot be reserved if other symbols in corresponding slot are not reserved. 
Proposal 4: For slot-level reservation in UL NB-IoT, DMRS transmission in a reserved slot is dropped.
Proposal 5: For NB-IoT UL time-domain resources reservation with symbol-level granularity, fixed length bitmap(s) can be configured for partial time region within a periodicity.

· For UL with 15 kHz SCS, the bitmap length is 12 bits for every two slots.

· The periodicity and the time region within the periodicity are signalled to the NB-IoT UEs by RRC signalling.
Proposal 6: For unicast NB-IoT transmission scheduled by DCI, 2 bits in the DCI are used to dynamically override the resource reservation during the transmission period for the following cases:

· The reserved resources cannot be used by the unicast transmission.

· The reserved resources during the first half part can be used by the unicast transmission.

· The reserved resources during the second half part can be used by the unicast transmission.

· The reserved resources can be used by the unicast transmission.

Proposal 7: For NB-IoT coexistence with NR, dynamic signaling in DCI is used to indicate puncturing/interference information to NB-IoT UEs.
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