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1. Introduction 
In the previous RAN1 Ad-Hoc on NB-IoT, we agreed that:

· Periodic CSI and dedicated SR is not supported in Rel-13 NB-IoT

· Transmission of ACK and/or NACK corresponding to NB-PDSCH is supported
· Both 3.75 and 15 kHz subcarrier spacing are supported in transmission of ACK and/or NACK
· FFS for the piggy back of SR
We also agreed the following in RAN1#84 [1]:
· Subcarrier spacing is indicated:

· For Msg3:

· in RAR 

· Subsequent NB-PUSCH transmissions:

· Follow RAR always
· The start of UL A/N transmission is >=12ms later than the end of the corresponding NB-PDSCH transmission 

This contribution discusses some further considerations in UCI transmission.
2. Discussion
Multiplexing of ACK/NACK for NB-PDSCH with SR in an NB-IoT UCI is FFS.  SR is used to indicate the need for uplink resources to send the BSR if there is no NB-PUSCH scheduled for a long period of time.  We expect the UE to move into idle if there is no NB-PUSCH resource for a long period of time and if there is NB-PUSCH resource, the UE can piggy back BSR onto a NB-PUSCH.  An alternative is to use the RACH process to indicate need for NB-PUSCH resource.  Hence we do not see the need to piggy back SR onto ACK/NACK.
Proposal 1: SR is not piggy backed onto ACK/NACK in UCI.

Aperiodic CSI in LTE is transmitted using PUSCH rather than multiplexed with ACK/NACK.  Similarly for NB-IoT if aperiodic CSI is supported, it is carried by NB-PUSCH rather than on a modified NB-PUSCH for UCI.  Therefore for UCI in NB-IoT, only ACK/NACK is carried.

Proposal 2: Only NB-PDSCH ACK/NACK (1 bit) is carried by UCI in Rel-13 NB-IoT.

In the email discussion, it was concluded that a modified NB-PUSCH will be used to carry the UCI (1 bit ACK/NACK) with the following structure:
· No CRC 

· Repetition coding is used 

· WA: Only single tone based transmission is supported for ACK/NACK transmission; 

· Resource unit size: Smaller resource unit size (such as 2 msec with 15 kHz or 8 msec with 3.75 kHz) is used

· WA: Same DMRS density to PUSCH with data

For 1 bit, a single tone transmission is sufficient especially if we remove overhead such as CRC.  This would also allow multiplexing of FDM ACK/NACK between UEs.  Since the UE cannot change its NB-PUSCH subcarrier spacing once it is configured by the RAR, we need to support both 15 kHz and 3.75 kHz subcarrier spacings of NB-PUSCH for UCI.  The DMRS density should be similar to that used for single tone NB-PUSCH transmission.  Therefore we support this proposal:

Proposal 3: The 1 bit ACK/NACK UCI is transmitted using a modified NB-PUSCH with the following structure:
· No CRC 

· Repetition coding is used 

· Only single tone based transmission is supported for ACK/NACK transmission

· The subcarrier spacing follows that of NB-PUSCH carrying data, i.e. configured by the RAR
· Resource unit size: Smaller resource unit size (such as 2 msec with 15 kHz or 8 msec with 3.75 kHz) is used

· Same DMRS density to NB-PUSCH with data

In the email discussion, it is proposed that the repetition for the NB-PUSCH carrying the UCI is configured semi-statically.  Since the payload of the UCI does not change, the number of repetitions required would be based on the UE radio condition.  Although we do not expect high mobility for NB-IoT devices, they nevertheless still move, or the environment around them moves, and therefore, it would be beneficial that a set of repetitions is configured by higher layers rather than a single repetition number assuming the worst case coverage.  If the number of bits in DCI is a concern, we suggest two repetition numbers using 1 bit, which can be joint coded with frequency and time resources.
Proposal 4: A set of repetition numbers is semi-statically configured for NB-PUSCH carrying UCI and the DCI indicates one of the repetition numbers in this set.
In [2], it is suggested that the resources (frequency and time) used for NB-PUSCH carrying UCI is explicitly indicated in the DL grant.  For frequency resource, we have 48 possible sub-carriers at 3.75 kHz, which requires 6 bits.  We assume 5 bits are sufficient to indicate the starting subframe where the starting subframe is relative to the end of NB-PDSCH + 12 ms.  1 bit can be used to indicate the repetition.  Hence, 12 bits are required to indicate the resources required for NB-PUSCH carrying UCI.

Proposal 5: The resource for NB-PUSCH carrying UCI is explicitly indicated using 12 bits in the DL grant. 

In [3] we concluded that UCI may collide with NB-PUSCH carrying data.  In the email discussion, the piggy backing of UCI onto NB-PUSCH carrying data was not popular.  One solution is to impose some restriction to avoid such collision.  It is also noted in [3] that restrictions can be applied to avoid such collisions but it do not seem that such restrictions are beneficial.  In fact we believe that it may be advantageous to allow for such collision since it allows eNB to override a long repetition.  We therefore propose that in such a collision the channel that is scheduled by the earlier grant is dropped.  It should be noted that the earlier grant may schedule a data channel that arrives later than a later grant since timing between grant and data channel is flexible.
Proposal 6: If a collision occurs due to a grant scheduled after a data channel (NB-PDSCH or NB-PUSCH), the data channel that is scheduled by the earlier grant is dropped.
3. Conclusion

In this contribution we discuss some aspects of UCI and we propose the following:
Proposal 1: SR is not piggy backed onto ACK/NACK in UCI.

Proposal 2: Only NB-PDSCH ACK/NACK (1 bit) is carried by UCI in Rel-13 NB-IoT.

Proposal 3: The 1 bit ACK/NACK UCI is transmitted using a modified NB-PUSCH with the following structure:

· No CRC 

· Repetition coding is used 

· Only single tone based transmission is supported for ACK/NACK transmission

· The subcarrier spacing follows that of NB-PUSCH carrying data, i.e. configured by the RAR
· Resource unit size: Smaller resource unit size (such as 2 msec with 15 kHz or 8 msec with 3.75 kHz) is used

· Same DMRS density to NB-PUSCH with data

Proposal 4: A set of repetition numbers is semi-statically configured for NB-PUSCH carrying UCI and the DCI indicates one of the repetition numbers in this set.

Proposal 5: The resource for NB-PUSCH carrying UCI is explicitly indicated using 12 bits in the DL grant. 

Proposal 6: If a collision occurs due to a grant scheduled after a data channel (NB-PDSCH or NB-PUSCH), the data channel that is scheduled by the earlier grant is dropped.
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