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1. Introduction
The following was agreed in last NB-IoT Ad-Hoc meeting [1]:
· 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
In this contribution, more details and considerations of UCI for NB-IoT are presented.
2. Discussion

2.1. HARQ ACK/NACK transmission 
Based on the discussion in [2], multiple NB-PDSCHs are multiplexed by TDM at subframe level. Therefore it is unnecessary to use PUCCH like scheme to transmit multiple HARQ-ACKs corresponding to different NB-PDSCHs by CDM. Considering the compatibility with PUSCH for data transmission and impact on standard, we prefer HARQ ACK/NACK to be transmitted via PUSCH. Channel processing, resource allocation and HARQ ACK/NACK timing are three aspects to be considered for HARQ ACK/NACK transmission based on PUSCH.

· Channel processing
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Figure 1: uplink data channel processing
The channel processing of legacy PUSCH is illustrated in Figure 1.  After channel coding, scrambling, modulation and transform precoding, the data stream will be mapped to the corresponding resources and transmitted using SC-FDMA. In existing PUSCH, turbo coding is applied for the data after CRC. When 1 bit HARQ ACK/NACK is transmitted via PUSCH, turbo coding can not be used for coding of HARQ ACK/NACK because the minimum input bits with CRC for Turbo coding is 40. Therefore new coding method should be considered. For example, repetition coding is likely to be the best choice for 1 bit HARQ-ACK. 
For resource mapping, considering the 1 bit HARQ ACK/NACK transmission, it is suggested that single subcarrier and x time domain length should be used for PUSCH. Considering that current 1 ms HARQ ACK/NACK transmission can satisfy coverage requirement of MCL = 144dB [3],  and the uniform design principle for different subcarrier spacing, it is suggested the minimum time domain length x = 2ms.
It is agreed that the modulation scheme is Pi/2-BPSK and Pi/4-QPSK when single tone is allocated. We slightly prefer the modulation scheme of HARQ ACK/NACK on PUSCH is Pi/2-BPSK as the modulation scheme of 1 bit HARQ ACK/NACK transmission in legacy LTE is BPSK.  
Proposal 1:  Repetition coding, Pi/2-BPSK modulation, and resource unit of 1 subcarrier by 2ms are suggested for channel processing of HARQ ACK/NACK transmission.
· Frequency Resource allocation
The following options can be considered for HARQ ACK/NACK resource allocation:
Option 1: Higher layer configuration
Option 2: DCI indication
Option2-1: Introduce UL grant for HARQ ACK/NACK resource allocation.  
Option2-2: Use DL grant for HARQ ACK/NACK resource allocation. 
For Option 1, higher layer semi-static signalling is used to configure frequency resource for HARQ ACK/NACK transmission. For Option 2-1, UL grant is introduced for HARQ ACK/NACK resource indication. Resource collision will be reduced, but it may cause more DL signalling overhead. For Option 2-2, the frequency resource is indicated by DL grant explicitly and/or implicitly. Compared with Option 2-1, Option 2-2 has the benefit of lowering the signalling overhead. Therefore it is suggested to adopt option 2-2.
Proposal2:   It is suggested to use DL grant for HARQ ACK/NACK resource allocation.
· HARQ ACK/NACK timing

PDSCH scheduling is based on scheduling window as discussed in [4]. Therefore two options can be considered for HARQ-ACK. 
Option 1: feedback is based on scheduling window
Option 2: feedback is based on subframe 

For Option 1, if the scheduling window index for DL data is n, the corresponding HARQ ACK/NACK will be transmitted in scheduling window n+1. The HARQ ACK/NACK resource within the scheduling window can be acquired via explicit signalling, for example, by new control field. Alternatively, the specific resource within the scheduling window can also be acquired via implicit signalling, for example, implicitly determined by the position of DL data within the scheduling window. Figure 2 shows an example of Option 1. Based on the assumption of 30ms scheduling window and PDSCH transmission location in subframe #5, #6 of frame #2 within window #0, then the HARQ ACK/NACK will be transmitted in subframe #5,#6 of frame #5 within window #1. For option 2, if DL data are transmitted in subframes {k+1, …, k+M}, the corresponding HARQ ACK/NACK subframe is k+M+4. An example is shown in Figure 3, where PDSCH ending is at subframe #6 of the frame #2, while HARQ ACK/NACK is transmitted in subframe #0 of frame #3.

For Option1, the scheduling of PUSCH carrying HARQ ACK/NACK and PUSCH carrying data can be coordinated easily, and the resources can be used more efficiently. Therefore, we slightly prefer Option1.
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Figure 2: An example of Option 1
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Figure 3: An example of Option 2 

Proposal 3: HARQ ACK/NACK timing is based on scheduling window.
Based on above analysis, the frequency domain position and time position within the scheduling window may be indicated by DL DCI for HARQ ACK/NACK resource allocation. The field to indicate frequency domain position is 6 bits for 3.75 kHz subcarrier spacing because of 48 allocated subcarriers while it is 4 bits for 15 kHz subcarrier spacing. The field to indicate time position within the scheduling window is 5 bits assuming the length of scheduling window is 32. That is to say the total field for HARQ ACK/NACK resource allocation is 11bits. This overhead is too big for DL DCI. Therefore some overhead reduction mechanism should be considered, such as scheduling constraint, joint coding, explicit and implicit signalling. For example, the time position can be acquired via explicit signalling and implicit signalling, i.e., from the position of DL data in scheduling window and timing offset which is indicated explicitly. The field to indicate timing offset can be 2 bits which is same as ARO. The number of HARQ ACK/NACK transmissions in one subframe is not expected to be large because different NB-PDSCH transmissions are TDM. Therefore, the number of the frequency locations for HARQ ACK/NACK transmission can be limited to 8. Hence, the bit field to indicate frequency resource of HARQ ACK/NACK transmission has 3 bits. The overhead for HARQ ACK/NACK resource allocation becomes 5 bits. 
Proposal 4: It is preferable that the overhead of HARQ ACK/NACK resource allocation  is limited to 5 bits.
2.2. HARQ ACK/NACK transmission with data
When HARQ ACK/NACK and data co-exist, the following two alternatives can be considered
Alt 1:  Reuse legacy UCI transmission on PUSCH
Alt 2: Use HARQ ACK/NACK to choose the constellation used for PUSCH modulation.
For Alt 1, as the length of NB-PUSCH is larger than 1 subframe, mapping HARQ ACK/NACK to NB-PUSCH needs further study. For Alt 2, the constellation used for PUSCH modulation can be chosen according to the information of HARQ-ACK. One example is [1, j, -1, j] used for PUSCH modulation when ACK needs to be transmitted, and 
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 *[1+j, 1-j, -1+j, -1-j] is used for NACK transmission. For Alt1, the punctured data RE is used for HARQ ACK/NACK transmission. Therefore, the impact on data cannot be ignored. For Alt 2, the impact on data transmission can be ignored and HARQ ACK/NACK can be detected by more complicated receiving algorithm. Therefore we slightly prefer Alt 2.
Proposal 5: Use HARQ ACK/NACK bit value to choose the constellation for PUSCH modulation when HARQ ACK/NACK and data are simultaneous transmitted.
2.3. HARQ ACK/NACK transmission with SR

SR only can be transmitted via the random access procedure for NB-IoT UEs. Considering the overhead of PRACH, it is suggested that the SR and HARQ ACK/NACK would be simultaneously transmitted in the same subframe. The scheme of simultaneously transmission should be considered. For example, different scrambling sequences can be used to distinguish HARQ ACK/NACK only transmission and HARQ ACK/NACK transmission with SR. 
Proposal 6: SR and HARQ ACK/NACK would be simultaneously transmitted in the same subframe.

3. Conclusion

In this contribution, more details and considerations of HARQ ACK/NACK design for NB-IoT are presented. In summary, we propose:
Proposal 1: Repetition coding, BPSK modulation, 1 subcarrier frequency domain and 2 ms minimum time domain length are suggested for HARQ ACK/NACKPUSCH transmission. 

Proposal2: HARQ ACK/NACK timing is based on scheduling window.

Proposal3:   It is suggested to use DL grant for HARQ ACK/NACK resource allocation.
Proposal4：It is preferable that the overhead of HARQ ACK/NACK resource allocation is limited to 5 bits.

Proposal5: Use HARQ ACK/NACK bit value to choose the constellation used for PUSCH modulation when HARQ ACK/NACK and data are simultaneous transmitted.

Proposal6: SR and HARQ ACK/NACK would be simultaneously transmitted in the SR transmitted subframe which HARQ ACK/NACK should also be transmitted.
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