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1 Introduction

In the last meeting, some agreements and working assumptions are made for UCI as follows [1].

	Agreements:
· A/N transmission subcarrier spacing is same to the subcarrier spacing configured for PUSCH when single tone transmission is used for A/N transmission

· The size of resource unit for A/N transmission is 2 msec for 15 kHz single tone and 8 msec for 3.75 kHz single tone transmission
Conclusion:
· No consensus in RAN1 to support aperiodic CSI in Rel-13
Agreements:
· Number of repetitions for A/N transmission corresponding to Msg 4 is semi-statically configured by SIB per PRACH resource set

· This is used as a default value to number of repetitions for A/N transmission after Msg4

· A/N piggybacking on PUSCH is not supported in Rel-13
Agreement: 

· Baseline subcarrier index to which the frequency offset carried in DCI is applied is not higher layer signaled 
· Details FFS in RAN1
Agreement:
· For ACK/NACK only transmission of NB-PDSCH in NB-IoT:

· Only single tone transmission is supported
Working Assumption: 

· Support 3 DM-RS symbols per 7 symbol period

· The DM-RS sequence is obtained as

· Use  single tone DM-RS PUSCH spread by length 3 OCC sequence defined for PUCCH

· The OCC ID is pseudo-randomly selected (from existing OCCs) according to 
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Working Assumption can be changed to 1 DMRS symbol at RAN1#84bis if significant gain is not observed compared to 1 DMRS symbol. 

Agreement:
· For ACK/NACK only transmission of NB-PDSCH in NB-IoT:
· ∏ /2-BPSK modulation is used for single tone transmission
· Number of repetitions of A/N resource unit is semi-statically configured by RRC signaling at least if the associated NB-PDSCH is after Msg4


This contribution, we provide our views on remaining issues for uplink control information.
2 A/N Transmission Frequency Resource Determination 
It was agreed not to signal any starting frequency location for A/N transmission resource. To determine the starting location of frequency resource with frequency offset, overall two approaches can be considered. First approach is to determine implicitly based on for example CCE index or PDSCH transmission location in terms of time (e.g., starting subframe). The other approach is to fix the baseline starting offset. The first approach may complicate the scheduling as the starting frequency location may change depending on the scheduling. It may also complicate multiplexing of different A/N transmissions which are scheduled in different times. To simplify the design, our preference is to fix the starting frequency offset. Considering some cases where the network may schedule both 15 kHz and 3.75 kHz A/N resource in the same subframes, it is proposed that the starting frequency subcarrier for 15 kHz is ‘0’ (i.e., the first subcarrier in the NB-IoT carrier) and the starting frequency subcarrier for 3.75 kHz is ‘47’ (i.e., the last subcarrier in the NB-IoT carrier) such that A/N resources for different subcarrier spacing can be separated in frequency domain. 
In terms of offset value, 3 bits can be considered for A/N frequency offset which are used as the followings. 

· For 15 kHz 
· The starting subcarrier index for A/N transmission is fixed as ‘0’ in the specification
· Offset values are  {0, 1, 2, 3, 4, 5, 6, 7}
· For 3.75 kHz
· The starting subcarrier index with 3.75 kHz A/N transmission is fixed as ‘47’ (i.e., the last subcarrier in a PRB) in the specification
· Offset values are  {0, -1, -2, -3, -4, -5, -6, -7}
Proposal 1: Fixed subcarrier location for different subcarrier spacing is used. 3 bits are used for frequency offset values. 
3 A/N Transmission Time Resource Determination
In terms of A/N transmission time determination, it would be good if some alignment among different A/N transmissions can be achieved. To align among different A/N transmissions, the following two approaches can be considered. 
(1) A/N transmissions are aligned in multiple of resource unit sizes (e.g., aligned with resource unit of single tone transmission)

(2) A/N transmissions are aligned among different PDSCHs transmissions
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Figure 1. Example of A/N alignments in resource unit

If the first approach is considered, the offset value can be dynamically indicated which can be computed as multiple of offset value and the resource unit size of A/N transmission (2msec for 15 kHz and 8 msec for 3.75 kHz). The baseline timing starts from the ending subframe of the corresponding PDSCH and add 12 msec processing time.  Offset values can be {0, 1, 2, 3} which can be represented as {0, 2, 4, 6} msec for 15 kHz and {0, 4, 8, 12} msec for 3.75 kHz. 
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Figure 2. Example A/N alignments among NB-PDSCH transmissions

If the second approach is used, the offset value can be dynamically indicated which can be computed as multiple of offset value and the repetition number of the corresponding NB-PDSCH. The offset values can be {-1, 0, 1, 2} which can be represented as {1/2 * R, 0, R, 2 * R} where R is the number of the corresponding NB-PDSCH. To simplify, instead of R, Rmax can be also used. Generally, A/N multiplexing can be done via allocating different frequencies. In this sense, we prefer not to increase the overall DCI size because of A/N time resource. Thus, we prefer to allocate the remaining bits from the downlink assignment which otherwise will be padded with zeros to align the size with UL grant. 
Generally, A/N transmission is much shorter than NB-PDSCH repetition transmission. Thus, it is not necessarily to align among different PDSCHs for A/N transmission, which can also delay the A/N transmission and thus reduce the overall throughput. In this sense, we prefer a simple approach where the time offset value can be derived from the offset value and A/N resource unit size. 

Proposal 2: Time offset of A/N transmission time resource is dynamically indicated in DL grant. 
Proposal 3: 1 or 2 bits are used for A/N time offset value. 

Proposal 4: A UE transmits A/N at subframe n + 12 + K (i) where n is the end of the corresponding PDSCH transmission, and K (i) = the offset value indicated by DL grant * resource unit size in time. 

4 A/N Repetition Details
It was agreed to semi-statically configure the number of repetition number for A/N transmission. Once the starting time and frequency location is determined, it is proposed to continue A/N repetition in time domain in valid uplink subframes. 
In terms of frequency location, considering potential multiplexing of 15 kHz and 3.75 kHz resources in the same subframe, frequency hopping is not used. If not, consider a simple frequency hopping where A/N frequency subcarrier changes from i to M – 1 –i in every A/N resource unit where M is the total number of subcarriers in the NB-IoT carrier with the given subcarrier spacing. 
Proposal 5: Continuous A/N transmission for the repetition across valid UL subframes is used. 
Proposal 6: Frequency location of A/N repetition can stay constant during the repetition. 
5 Conclusion 

In this contribution, we discussed some remaining issues on UCI. Based on discussion, we obtained following proposals.
Proposal 1: Fixed subcarrier location for different subcarrier spacing is used. 3 bits are used for frequency offset values. 
Proposal 2: Time offset of A/N transmission time resource is dynamically indicated in DL grant. 

Proposal 3: 1 or 2 bits are used for A/N time offset value. 

Proposal 4: A UE transmits A/N at subframe n + 12 + K (i) where n is the end of the corresponding PDSCH transmission, and K (i) = the offset value indicated by DL grant * resource unit size in time. 

Proposal 5: Continuous A/N transmission for the repetition across valid UL subframes is used.  

Proposal 6: Frequency location of A/N repetition can stay constant during the repetition. 
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