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At RAN#69, a new work item named Narrowband IOT (NB-IOT) was approved. The objective are to specify a radio access for cellular internet of things that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimized) network architecture. At RAN#70, a revised work item description was approved, see [1].
NB-IOT should support 3 different modes of operation: 
1.	“Stand-alone operation” utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers, as well as scattered spectrum for potential IoT deployment.
2.	“Guard band operation” utilizing the unused resource blocks within a LTE carrier’s guard-band 
3.	“In-band operation” utilizing resource blocks within a normal LTE carrier
NB-IoT will support 180 kHz UE RF bandwidth for both downlink and uplink. Furthermore according to [1], for the uplink: 
· Single tone transmissions are supported. Two numerologies should be configurable by the network for single-tone transmission: 3.75 kHz and 15 kHz. A cyclic prefix is inserted. Frequency domain sinc pulse-shaping in the physical layer description.
· Multi-tone transmissions are supported, based on SC-FDMA with 15 kHz UL subcarrier spacing.

In this contribution, we discuss issues related to collision handling for NB-IoT.
DL collisions
For NB-IoT DL transmission, several types of synchronization signals and system information have been defined. They are transmitted periodically at pre-defined times, and occupy the entire PRB whenever present. These include:
· NPBCH: NPBCH fully occupies the PRB at subframe 0 in every radio frame; 
· NPSS: NPSS is transmitted in subframe 5 with periodicity of 10 ms. NPSS uses the last 11 OFDM symbols of subframes in which NPSS occurs for normal CP. That is, NPSS takes subframe 5 in every radio frame;
· NSSS: NSSS is transmitted in subframe 9. NSSS uses the last 11 OFDM symbols of subframes in which NSSS occurs for normal CP.  Periodicity of NSSS is FFS;
· SIB1: NSIB1 is transmitted in subframe #4 within each radio frame transmitting NSIB1. The radio frame occupied by NSIB1 occurs in every other frame in 16 consecutive radio frame, with the cluster 16 radio frame occurs every {64, 32, 16} radio frames. The scheduling of SIB1 is signalled on NPBCH;
· SI-messages (other than MIB/SIB1) that are transmitted in 8 consecutive DL valid subframes every 2nd, every 4th, every 8th or every 16th radio frame within an SI-window. The scheduling of SI-messages is signalled on SIB1;

RAN1#84bis agreed the following related to valid DL subframes:
· Valid subframes
· Valid subframe configuration
· Valid subframe configuration are optionally bit-map configured over 10ms or 40ms for inband and 10ms for standalone/guardband by NB-SIB1.
· NOTE: For standalone/guardband this optional signaling may be useful for future coexistence
· In the subframes that contain PSS/SSS/PBCH/NB-SIB1 in the carrier that contain PSS/SSS/PBCH/NB-SIB1
· these subframes are invalid subframes i.e. to postpone the transmission regardless of the signalling.
· For the remaining subframes,
· If no bit-map is provided, these subframes are valid subframes
· Otherwise, to follow the signalling.
As can be seen above transmissions that collide with the invalid DL sub-frames have been decided to be postponed.
However, for SI-messages (other than MIB/SIB1) there is nothing agreed for collisions with NPDCCH/NPDSCH for paging, RAR and unicast transmissions. Therefore, it needs to be discussed further and clarified how scheduled SI-messages (including SIBs other than SIB1) and other NPDCCH/NPDSCH transmissions (i.e. paging, RAR, unicast…) are handled. 
In the following, the various types of collision cases and how to handle them are listed.
Collision between NPDCCH/NPDSCH and SI-messages
SI-messages can only use valid DL sub-frames (i.e. not used for MIB-NB, SIB1-NB, NPSS and NSSS or indicated in the valid DL sub-frames bit-map), RAN1 agreed: 
· SI scheduling
· SI scheduling information is provided in NB-SIB1.
· One transport block of an SI message is transmitted over 8 consecutive valid DL subframes. 
Observation 1: Scheduled SI-messages only uses valid sub-frames, where valid subframes refer to those not used for MIB-NB, SIB1-NB, NPSS and NSSS or indicated in the valid DL sub-frames bit-map.
[bookmark: _GoBack]The scheduling of SI-messages is indicated in SIB1, and thus known by all UEs camped on the cell. The opportunities to schedule UEs are quite limited in NB-IoT, especially for the inband cases when several UEs are in extended coverage areas. If purely based on eNB scheduling to handle collisions between NPDCCH/NPDSCH and SI-messages, it may lead to unnecessary long UE active times and lower overall system capacity. Further, the timers related to the UE active time for connected mode DRX (drx-InactivityTimer, drx-RetransmissionTimer, drx-ULRetransmissionTimer, OnDurationTimer) and the random access procedure (ra-ResponseWindowSize, mac-ContentionResolutionTimer) must be configured to longer values if scheduling restrictions due to collisions with SI-messages must be taken into account by the eNB. This will lead to unnecessary UE decoding of NPDCCH when collisions occur as the eNB will refrain from scheduling the UEs during these times. One alternative to refraining from scheduling if there are collisions of the NPDSCH would be to segment into smaller TB sizes but this will lead to an increase in overhead and NPDCCH transmissions. In addition, more paging occasions may be missed and more HARQ re-transmission will be needed if collisions between NPDCCH/NPDSCH and SI messages are not handled correctly. In summary, we think that the UE power consumption for NB-IoT will be larger if collisions are not re-solved by postponing the transmission of NPDCCH/NPDSCH and the UE is aware of these occasions. For paging there will even be cases when a UE will become completely unreachable if the subframes will not be postponed. Consider the following example where the UE has a PTW of 5 paging occasions (POs) with the POs occurring in the radio frame “SFN modulo 512 == 0”, the cell default paging cycle is 5, 12 s and a scheduled SI-message with RU=8 ms has an SI-periodicity=1,024 s, SI-window=5, 12 s and SI-repetition=“every Xth” (any repetition number X will cause the same problem). For such a UE there will be a collision of 8 subframes in every PO. If the UE is unaware of the collisions and does not postpone the reception a UE in good coverage will just receive SI messages and thus cannot get the NPDCCH correctly in any PO and a UE in worse coverage will “pollute” its receiver with at least 8 subframes of noise in every PO (exact number depends on SI-repetition number and Rmax). Similar problems may occur for RAR message reception collision with SI-messages.
Therefore, it is proposed that the sub-frames where a scheduled SI-message is present shall be included in the concept of “DL valid sub-frames” and other downlink transmissions should be postponed to the next valid sub-frame.  In this way, a UE can finish its reception much quicker and go to sleep and no paging problems will occur. 
Proposal 1: Scheduled SI-messages shall be considered as not valid DL sub-frames from the perspective of NPDCCH and NPDSCH, and any NPDCCH/NPDSCH transmissions (e.g. paging, RAR, unicast…) shall be postponed to the next valid DL sub-frame.
UL collisions
For the UL, it was agreed in RAN1#84bis that when a PRACH resource collides with PUSCH, the PUSCH is postponed. However, the case when PRACH collides with cell-specific SRS transmission of legacy LTE needs further discussions. 
For initial UE-triggered PRACH when the UE is in idle mode, since the UE does not know the TA, it is difficult for the cell-specific SRS to puncture the PRACH or postpone the PRACH transmission. Therefore, in this case, it is proposed that the UE continues its PRACH transmission, even if it may collide with the cell-specific SRS. For the cases where the TA is known to the UE, e.g., UE-triggered PRACH in connected mode, or NPDCCH ordered PRACH, for the sake of a simple and clean design, it is also good not to specify a different UE behavior. Therefore, it is proposed that for all cases the UE continues its PRACH transmission, even if the PRACH transmission may collide with the cell-specific SRS.
Proposal 2: For inband deployment, in case of collision between a PRACH transmission and cell-specific SRS transmission of legacy LTE, a UE continues to send its PRACH and the cell-specific SRS should not puncture the PRACH symbols.
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