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1 Introduction
In the last meeting, some agreements on UCI for NB-IOT have been 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
The agreements are just related to UCI functionality and do not touch transmission design of UCI. In this contribution, we discussed some detailed issues on transmission design of ACK and/or NACK corresponding to NB-PDSCH, e.g. feedback information for ACK/NACK, transmission format of ACK/NACK, physical transmission scheme of ACK/NACK, resource indication of ACK/NACK, and feedback timing of ACK/NACK.
2 Discussion
2.1 Feedback information for ACK/NACK
In the last meeting, feedback of ACK and/or NACK corresponding to NB-PDSCH has been agreed to support DL HARQ functionality. Regarding the detailed feedback information, there are three alternatives, i.e., ACK only feedback, NACK only feedback, both ACK and NACK feedback. 
For ACK only feedback, one benefit may be that the times of ACK/NACK feedback can be reduced by about 10% assuming BLER performance requirement of NB-PDSCH is 10%. However, the disadvantage may be that eNB cannot distinguish NACK and DTX, and eNB cannot make an appropriate adjustment of link adaptation to NB-PDCCH and/or NB-PDSCH retransmission. Similarly, for NACK only feedback, one benefit may be that the times of ACK/NACK feedback can be significantly reduced by about 90%, and this may be very helpful to reduce UE power consumption on ACK/NACK feedback. However, the disadvantage may be that eNB cannot distinguish ACK and DTX, and the impact may be more serious. Since DTX may be misunderstood as ACK, the probability of packet missing at PHY layer will be worse and more retransmissions at RLC layer will be triggered. For both ACK and NACK feedback, eNB can distinguish three status of ACK/NACK feedback, i.e. ACK, NACK and DTX, and corresponding eNB behavior can be performed for each status. Thus, the legacy reliability of ACK/NACK feedback can be maintained. And, both ACK and NACK feedback won’t introduce additional specification effort on transmission design of ACK/NACK. Therefore, both ACK and NACK feedback should be supported for NB-PDSCH.
Proposal #1: Both ACK and NACK feedback should be supported for NB-PDSCH.
2.2 Transmission format of ACK/NACK
ACK/NACK only transmission should be allowed based on RAN1 agreement. 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, piggyback of SR need to introduce more transmission formats with additional specification effort. Therefore, piggy back of SR needn’t be supported. 
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 mixed transmission of ACK/NACK on UL-SCH.  
Proposal #2: ACK/NACK only transmission should be supported.

Proposal #3: Piggyback of SR on ACK/NACK transmission is not supported. 
2.3 Physical transmission scheme of ACK/NACK
On the transmission scheme of 1 bit ACK/NACK, NB-PUSCH is proposed to use in order to reduce specification load. However, channel coding is not suitable for 1 bit transmission, as well as CRC. Some preliminary evaluations are given in another accompanying contribution [3]. The performance TBCC based scheme much performance loss than sequence based transmission. As a result, NB-PUCCH with sequence based transmission can be supported. Details can be further study such as scrambling/modulation scheme.  
Proposal #4: NB-PUCCH with sequence based transmission can be introduced. 
Another issue related to physical transmission scheme of ACK/NACK may be multiplexing of multiple NB-PUCCHs, e.g. CDM, TDM, or FDM. For CDM, near-far affect may impact the NB-PUCCH detection performance and selecting multiple paired UEs for CDM at eNB side may be difficult to avoid the near-far affect. And, CDM may not be efficient especially when the coverage levels of potential UEs is very diverse and the number of potential UEs is very small. Since the advantage of CDM is to improve capacity of NB-PUCCH, CDM needn’t be considered if capacity of NB-PUCCH is not an issue. Considering UL traffic is the main character for NB-IOT service, capacity of ACK/NACK transmission may not be a bottleneck. Thus, TDM/FDM would be a clean method for multiplexing of NB-PUCCHs.
Proposal #5: TDM/FDM is preferred for multiplexing of NB-PUCCHs.

Regarding tone allocation for NB-PUCCH transmission, there may be two directions as NB-PUSCH, i.e. single-tone and multi-tone transmission. However, a unified design of NB-PUCCH transmission is preferred to reduce specification effort for single-tone NB-PUSCH transmission and multi-tone NB-PUSCH transmission, and for 3.75k Hz and 15k Hz subcarrier spacing. Thus, single-tone transmission rather than multi-tone transmission is recommended for NB-PUCCH. In addition, one advantage of single-tone NB-PUCCH is to achieve lower PAPR which may not require power back off.

Proposal #6: Only single-tone NB-PUCCH transmission is supported for both 3.75 kHz and 15 kHz subcarrier spacing.

2.4 Resource indication of ACK/NACK
In LTE system, ACK/NACK resource is reserved at the two edges of system bandwidth, and the PUCCH resource for ACK/NACK transmission is implicitly determined by the first CCE/ECCH index of corresponding PDCCH/EPDCCH. For NB-IOT, the legacy mechanism of PUCCH resource indication may not be suitable. There are two directions for resource indication of ACK/NACK. One direction is implicit determination similar to legacy mechanism, e.g. based on the first NB-CCE index of corresponding NB-PDCCH or subframe index of corresponding NB-PDSCH assuming TDM based NB-PDSCHs. Another direction is explicit indication, e.g. dynamic indication by DCI, semi-static indication by RRC signaling, or combined indication by DCI and RRC signaling.   
For implicit determination, one advantage is to save signaling overhead especially when the number of potential ACK/NACK resources is very large. However, the disadvantage is that ACK/NACK resource needs to be reserved and it may be wasted, e.g., PDCCH/PDSCH associated with an ACK/NACK resource is not scheduled and the reserved ACK/NACK resource cannot be used for PUSCH or other PUCCH. Considering 180k Hz system bandwidth for NB-IOT, the number of simultaneously scheduled NB-PDSCHs within a search spacing of NB-PDCCH may be very limited. For example, assuming a scheduling window consisting of 10 subframes is used for NB-PDSCH, the maximum number of potential ACK/NACK resources may be about 10. Thus, implicit determination may not be efficient for ACK/NACK resource, and several bits may be sufficient to explicitly indicate ACK/NACK resource with a great flexibility.
For explicit indication, the scheme of semi-static indication by RRC signaling can save signaling overhead in PHY layer. However, resource allocation of ACK/NACK is very restricted and potential resource wasting may still happen. From the perspective of flexibility of resource allocation and efficiency of resource utilization, dynamic indication by DCI or combined indication by DCI and RRC signaling is preferred. Regarding DCI indication, the candidate solutions may be to use a dedicated DCI format or a dedicated DCI field carried by DL assignment or UL grant. Considering ACK/NACK transmission doesn’t require the information of MCS and the number of allocated resource units, the size of dedicated DCI for ACK/NACK resource indication may be smaller than normal DCI. Thus, different DCI sizes may increase the number of blind decoding of NB-PDCCH at UE side. Therefore, a dedicated DCI format is unnecessary for ACK/NACK resource indication. And, a dedicated DCI field with several bits may be sufficient to indicate ACK/NACK resource. 
Since ACK/NACK feedback is corresponding to NB-PDSCH, a straight forward way is that the dedicated DCI field to indicate ACK/NACK resource should be carried by corresponding DL assignment. In addition, considering NB-PUSCH may have more complex resource allocation than NB-PDSCH, e.g. single-tone/multi-tone transmission, and 3.75k/15k Hz subcarrier spacing, the size of RA filed of UL grant may be much larger than DL assignment [4]. Because the same DCI size for DL and UL is targeted, introducing a field for NB-PUCCH scheduling in DCI for DL NB-PDSCH may not be an issues. 
Proposal #7: Explicit indication of NB-PUCCH resource in DCI for DL is supported. 
2.5 Feedback timing of ACK/NACK
In LTE system, ACK/NACK follows fixed feedback timing, e.g., ACK/NACK transmission in subframe n+4 is corresponding to PDCCH/PDSCH transmission in subframe n. The 3ms time interval between PDCCH/PDSCH and corresponding ACK/NACK feedback is reserved for PDCCH/PDSCH detection, preparation of ACK/NACK transmission and the maximum TA range. For NB-IOT, the minimum time interval could be relaxed to reduce UE complexity on NB-PDSCH detection, e.g. relaxed to 4ms or 5ms time interval, and this may be helpful to achieve low cost. 
For NB-IOT, feedback timing of ACK/NACK may follow fixed or dynamic feedback timing, i.e., the value of k may be fixed or dynamic assuming the starting subframe of ACK/NACK transmission is n+k wherein n is the ending subframe of corresponding NB-PDSCH transmission. And, it may exactly depend on the design of ACK/NACK resource indication since multiple NB-PUCCHs associated to a search space of NB-PDCCH may be multiplexed with TDM pattern. A fixed feedback timing reserving the minimum time interval can support quick ACK/NACK feedback, and the DL data rate can be improved. However, dynamic feedback timing may be beneficial for flexible multiplexing between NB-PUCCH and NB-PUSCH, e.g. FDM and/or TDM within a UL scheduling window. For example, ACK/NACK associated to DL scheduling window n can be transmitted within UL scheduling window n+1, and the earliest NB-PDSCH retransmission can be detected within DL scheduling window n+2 assuming the same length for DL and UL scheduling window. The starting subframe of NB-PUCCH within a UL scheduling window could be implicitly determined or explicitly indicated by DCI. 
Proposal #8: The minimum time interval between ACK/NACK and corresponding NB-PDSCH could be relaxed, and dynamic feedback timing of ACK/NACK transmission is preferred.
3 Conclusion
In this contribution, we discussed some detailed issues on transmission design of ACK and/or NACK corresponding to NB-PDSCH, e.g. feedback information for ACK/NACK, transmission format of ACK/NACK, physical transmission scheme of ACK/NACK, resource indication of ACK/NACK, and feedback timing of ACK/NACK. Based on the discussion, we have following proposals: 
Proposal #1: Both ACK and NACK feedback should be supported for NB-PDSCH.

Proposal #2: ACK/NACK only transmission should be supported.

Proposal #3: Piggyback of SR on ACK/NACK transmission is not supported. 

Proposal #4: NB-PUCCH with sequence based transmission can be introduced. 
Proposal #5: TDM/FDM is preferred for multiplexing of NB-PUCCHs.

Proposal #6: Only single-tone NB-PUCCH transmission is supported for both 3.75 kHz and 15 kHz subcarrier spacing.

Proposal #7: Explicit indication of NB-PUCCH resource in DCI for DL is supported. 
Proposal #8: The minimum time interval between ACK/NACK and corresponding NB-PDSCH could be relaxed, and dynamic feedback timing of ACK/NACK transmission is preferred.
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