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1 Introduction
In the last NB-IOT Ad-hoc meeting, some agreements on UCI for NB-IOT were achieved as following [1]:
Agreements:
· 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
These agreements are just related to UCI functionality and do not touch other issues. In this contribution, we discussed some UCI related issues, e.g. UCI content, UCI transmission scheme and UCI resource indication.
2 Discussion
2.1 UCI content
Considering characteristic of NB-IOT traffic model, packet arrivals may not be frequent. Thus, PRACH based SR may be sufficient to support SR functionality. On the other hand, piggy back of SR on ACK/NACK needs to introduce multiple UCI transmission formats with additional specification effort, and increase receiver complexity on blind detection between piggy back of SR on ACK/NACK and ACK/NACK only transmission at eNB side. Therefore, piggy back of SR needn’t be supported. 
Proposal #1: UCI content doesn’t include SR, and piggy back of SR on ACK/NACK is not supported.
Regarding aperiodic CSI, it is supported in Mode A (low to middle coverage level) and eliminated in Mode B (middle to large coverage level) for eMTC. For NB-IOT, there is no need to define multiple modes for different coverage levels considering simple design and low complexity. Moreover, NB-IOT device may be more static than eMTC device due to the market positioning of NB-IOT feature, and the change of channel status may be very smooth. Therefore, aperiodic CSI needn’t be supported even for normal coverage, and RSRP/RSRQ measurement can be used to roughly track channel quality to provide the change information of coverage level which has been applied in Mode B for eMTC.    
Proposal #2: UCI content doesn’t include CSI, and aperiodic CSI is not supported for all coverage levels.
Based on above RAN1 agreements, UL ACK/NACK only transmission including both ACK and NACK feedback should be allowed to support complete functionality of DL HARQ. As discussed in [2], non-overlapped DL and UL HARQ process may help UE to reduce soft buffer size and power consumption. With non-overlapped DL and UL HARQ process, ACK/NACK of NB-PDSCH and NB-PUSCH will not be transmitted in the same time. Therefore, there is no need to consider piggy back of ACK/NACK on PUSCH.
Proposal #3: UCI content only includes ACK/NACK, and piggy back of ACK/NACK on NB-PUSCH is not supported. 
2.2 UCI transmission scheme
In another accompanying contribution [3], two transmission schemes for UL ACK/NACK are discussed and evaluated via simulation results. The scheme 1 is more like NB-PUSCH transmission, e.g., based on DMRS, and using the same scrambling/modulation processing as NB-PUSCH. There are some slight differences from NB-PUSCH, e.g., no CRC attachment, using repetition coding rather than turbo coding. The scheme 2 is based on sequence detection, e.g., two orthogonal sequences are used to denote ACK and NACK respectively and directly mapped to the physical resources. Performance evaluation in [3] shows the two schemes can achieve similar ACK/NACK detection performance. However, PUSCH-like transmission scheme may be able to save specification effort in Rel-13. Therefore, NB-PUSCH like transmission scheme is preferred for ACK/NACK transmission. 
Proposal #4: NB-PUSCH like transmission scheme is preferred for ACK/NACK transmission.  

Single-tone ACK/NACK transmission should be considered as baseline considering single-tone transmission was agreed as mandatory in the last RAN plenary meeting. For the NB-IOT device supporting multi-tone transmission, introducing multi-tone ACK/NACK transmission may require additional specification effort and increase signaling overhead on ACK/NACK resource indication. In addition, one advantage of single-tone ACK/NACK transmission is to achieve lower PAPR which may not require power back off and consequently improve power efficiency. Therefore, only single-tone based transmission is preferred regardless of single-tone or multi-tone NB-PUSCH transmission. For single-tone NB-PUSCH transmission, the resource unit occupying 8 subframes has been agreed. The resource unit size may be wasteful for 1 bit ACK/NACK only transmission. Therefore, a smaller resource unit size than NB-PUSCH can be considered for single-tone ACK/NACK transmission, e.g., 2 subframes may be sufficient. 

Proposal #5: Single-tone only ACK/NACK transmission is supported, and a smaller resource unit size than NB-PUSCH can be considered.

DMRS generation for ACK/NACK transmission can directly reuse the mechanism for NB-PUSCH transmission. However, DMRS density for ACK/NACK transmission may be different from NB-PUSCH. Although increasing DMRS density will decrease the number of available REs for ACK/NACK mapping, it may not be a problem since the equivalent coding rate of 1 bit ACK/NACK transmission is ultra high if using repetition coding. The overall performance improvement by increasing DMRS density may be larger than by using a larger coding rate, and the observation is verified by performance evaluation in [3]. Therefore, a larger DMRS density than NB-PUSCH is recommended for ACK/NACK transmission.    
Proposal #6: Increased DMRS density comparing with NB-PUSCH is recommended for ACK/NACK transmission.

2.3 UCI resource indication 
Considering flexible UCI resource allocation and resource utilization efficiency, explicit UCI resource indication is preferred comparing with fully implicit UCI resource determination. And, a straight forward way is that the DCI field dedicated for ACK/NACK resource indication is carried by DL grant. One issue may be that ACK/NACK resource is fully or partially indicated by DL grant, and there may be three alternatives as following. Time resource indication and frequency resource indication can use the same alternative or different alternatives to determine an ACK/NACK resource. 

· Alt.1 DL grant fully indicates an resource
· Alt.2 DL grant indicates one within a semi-statically configured set of resources 

· Alt.3 DL grant indicates an offset based on a implicitly determined resource 

Selecting which alternative for time and/or frequency resource indication may depend on two aspects. One aspect is the available field size in DL grant for ACK/NACK resource indication. Another aspect is the total number of schedulable ACK/NACK resources in time domain and frequency domain. According to our calculation [4], to target the same DCI grant size and UL grant size, there are about 4 bits in DL grant for ACK/NACK resource indication. Regarding the total number of schedulable ACK/NACK resources, there are 12 and 48 resources in frequency domain for 15 and 3.75 kHz subcarrier spacing respectively using single-tone ACK/NACK transmission. And, in time domain, 4 resources may be sufficient to support flexible resource allocation to avoid collision with already scheduled NB-PUSCH. Considering relatively small number of time resources, time resource should be fully indicated by DL grant. Frequency resource can be partially indicated by DL grant, especially for 3.75 kHz subcarrier spacing. And, either implicit resource determination or semi-static configuration can be used to combine with the partially indication of frequency resource in DL grant. 
One example of UCI resource indication may be that using 2 bits to indicate an offset of a reference time resource which follows a fixed timing, e.g. 12ms after corresponding NB-PDSCH transmission, and using 2 bits to indicate an offset of a reference frequency resource which is semi-statically configured or implicitly determined by corresponding NB-PDCCH or NB-PDSCH transmission. For a reference frequency resource semi-statically configured by RRC signaling, a default value can be used before receiving the RRC signaling. 
Proposal #7: DL grant indicates an offset to a reference subframe, and an offset to a reference frequency resource which is semi-statically configured or implicitly determined for ACK/NACK resource indication.
3 Conclusion
In this contribution, we discussed some UCI related issues, e.g. UCI content, UCI transmission scheme and UCI resource indication. Based on the discussion, we have following proposals: 
Proposal #1: UCI content doesn’t include SR, and piggy back of SR on ACK/NACK is not supported.
Proposal #2: UCI content doesn’t include CSI, and aperiodic CSI is not supported for all coverage levels.

Proposal #3: UCI content only includes ACK/NACK, and piggy back of ACK/NACK on NB-PUSCH is not supported. 

Proposal #4: NB-PUSCH like transmission scheme is preferred for ACK/NACK transmission.  
Proposal #5: Single-tone only ACK/NACK transmission is supported, and a smaller resource unit size than NB-PUSCH can be considered.
Proposal #6: Increased DMRS density comparing with NB-PUSCH is recommended for ACK/NACK transmission.
Proposal #7: DL grant indicates an offset to a reference subframe, and an offset to a reference frequency resource which is semi-statically configured or implicitly determined for ACK/NACK resource indication.
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