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1 Introduction
In RAN1 NB-IoT Ad-Hoc#2 meeting, the following agreement on PRACH was made [1]:
· When PRACH resource and PUSCH collide, PUSCH is postponed.
In email discussion [NB-IoT2-04] after NB-IoT Ad-Hoc#2 meeting, the following agreements were made:
· A UE can assume that NB-IoT downlink subframe#0 is aligned with LTE subframe#0 for in-band deployment.

· 4 bits srs-SubframeConfig in Table 5.5.3.3-1 of TS36.211 can be broadcasted as the NB-IoT configuration field regarding the avoidance of LTE SRS in time domain.

· If srs-SubframeConfig is broadcasted, the NB-IoT symbols that collide with LTE SRS positions are assumed not to be used by NB-IoT UE by default:

· For multi-tone transmission with repetition, puncturing is used to transmit NB-PUSCH.

· FFS: For single tone transmission and multi-tone transmission w/o repetition:

· Alt.1: Rate-matching is used to transmit NB-PUSCH.

· Alt.2: Puncturing is used to transmit NB-PUSCH.
·  If srs-SubframeConfig is broadcasted, information can be included in higher layer UE-specific signaling to inform UE to use all NB-IoT symbols for NB-PUSCH transmission. The detailed design is up to RAN2.
In this contribution, we discuss collision handling mechanism for NB-IoT.
2 Collision handling for NB-IoT
· Collision between broadcast messages/signals and NB-PDCCH/NB-PDSCH
For downlink of NB-IoT, NB-PSS/NB-SSS, NB-MIB, and NB-SIBx are transmitted in predefined time locations, and would not be multiplexed with NB-PDCCH/NB-PDSCH in the same subframe. Specifically, NB-PSS is transmitted at subframe#5 of every frame. NB-SSS is transmitted in subframe#9, and corresponding periodicity is FFS. NB-MIB is transmitted at subframe#0 of every frame. NB-SIB1 is transmitted at subframe#4 of every other frame in 16 consecutive frames. The above 16 consecutive frames occurs every {64, 32, 16} frames corresponding to repetition times {4, 8, 16} within a NB-SIB1 period. For other NB-SIBx except for NB-SIB1, scheduling information (e.g., number of repetitions and interval) is indicated by NB-SIB1.
The time locations of NB-PSS/NB-SSS, NB-MIB and NB-SIBx are known to all the UEs. When NB-PDCCH/NB-PDSCH repetition collides with NB-PSS/NB-SSS, NB-MIB and NB-SIBx, the subframes used for NB-PSS/NB-SSS, NB-MIB and NB-SIBx can be considered as unavailable subframes, and NB-PDCCH/NB-PDSCH repetition can be postponed to next available subframe.
Proposal 1: When NB-PDCCH/NB-PDSCH repetition collides with NB-PSS/NB-SSS, NB-MIB and NB-SIBx, NB-PDCCH/NB-PDSCH repetition is postponed to next available subframe.
· Collision between NB-PUSCH and LTE SRS transmission
In email discussion [NB-IoT2-04] after NB-IoT Ad-Hoc#2 meeting, how to handle the NB-PUSCH OFDM symbols that overlaps with LTE SRS transmission for single tone transmission and multi-tone transmission without repetition have been discussed. Rate matching according to the available NB-PUSCH resource (Alt 1) or puncturing (Alt 2) can be considered. For multi-tone transmission with Z-subframe repetition, puncturing is the only option. From the perspective of common design for multi-tone and single tone cases, puncturing would be preferred.
Proposal 2: The NB-PUSCH OFDM symbols overlapping with LTE SRS transmission are punctured for single tone transmission and multi-tone transmission without repetition.
· Collision between NB-PRACH and LTE SRS transmission
Similar to NB-PUSCH, when NB-PRACH repetition collides with LTE SRS transmission, one possible option is that NB-PRACH symbols overlapping with LTE SRS transmission can be considered as unavailable NB-PRACH resource and are punctured. However, puncturing may cause significant degradation of NB-PRACH performance especially when more frequent LTE SRS transmission (i.e., srs-SubframeConfig = 0) is configured. In this case, no additional handling would be preferable, i.e., all the NB-PRACH symbols are always used.
Proposal 3: When NB-PRACH collides with LTE SRS transmission, no additional handling is needed.
· Collision between NB-PUSCH carrying HARQ-ACK  and NB-PUSCH carrying UL data
The eNB is able to avoid the above collision depending on eNB scheduler, e.g., avoiding scheduling transmission of NB-PUSCH carrying UL data during transmission of NB-PUSCH carrying HARQ-ACK, and avoiding transmission of NB-PUSCH carrying HARQ-ACK during transmission of NB-PUSCH carrying UL data. In other words, the collision between NB-PUSCH carrying HARQ-ACK and NB-PUSCH carrying UL data would not happen.
· Collision between NB-PDCCH/NB-PDSCH and LTE PRS and CSI-RS
The collision between NB-PDCCH/NB-PDSCH and LTE PRS/CSI-RS can be solved by eNB implementation. For example, the subframes used for LTE PRS and/or CSI-RS transmission can be configured as the invalid subframes for NB-IoT; otherwise, the NB-PDCCH/NB-PDSCH would be punctured if the above collision happens.
· Collision between utilization of LTE CRS and LTE MBSFN subframes
In RAN1#84 meeting, it was agreed that “When the same-PCI indicator is set to true, the UE may assume LTE CRS are available in the NB-IoT PRB in all subframes where NB-RS are available”. And In RAN1 NB-IoT Ad-Hoc#2 meeting, it was agreed that “In cell-specific valid DL PRB pairs, a NB-IoT UE may assume that NB-RS is present”. In other words, when the same-PCI indicator is set to true for in-band operation, a NB-IoT UE may assume that cell-specific valid DL subframes would not be configured as LTE MBSFN subframes, and that LTE CRS are present/ available in cell-specific valid DL subframes. When the same-PCI indicator is set to false, in cell-specific valid DL subframes, a NB-IoT UE may perform rate matching according to number of LTE CRS indicated by NB-MIB, even though one or more of cell-specific valid DL subframes are configured as LTE MBSFN subframes. Based on above analysis, the configuration of LTE MBSFN subframes may be not necessary for NB-IoT.
Proposal 4: For in-band operation, the configuration of LTE MBSFN subframes is not necessary for NB-IoT.
3 Conclusions
In this contribution, we have discussed collision handling mechanism. We make the following proposals:
Proposal 1: When NB-PDCCH/NB-PDSCH repetition collides with NB-PSS/NB-SSS, NB-MIB and NB-SIBx, NB-PDCCH/NB-PDSCH repetition is postponed to next available subframe.
Proposal 2: The NB-PUSCH OFDM symbols overlapping with LTE SRS transmission are punctured for single tone transmission and multi-tone transmission without repetition.
Proposal 3: When NB-PRACH collides with LTE SRS transmission, no additional handling is needed.
Proposal 4: For in-band operation, the configuration of LTE MBSFN subframes is not necessary for NB-IoT.
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