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1. Introduction
The followings were agreed in last NB-IoT Ad-Hoc meeting [1]:
· No CRC
· Repetition coding is used
· Only single tone transmission is supported
· ∏ /2-BPSK modulation is used for single tone transmission
· 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
· Baseline subcarrier index to which the frequency offset carried in DCI is applied is not higher layer signaled 

· Details FFS in RAN1
In this contribution, we discuss the remaining issues of resource allocation during HARQ ACK/NACK transmission.

2. Discussion

In NB-IoT, the minimum granularity of NB-PDSCH is 1 ms while HARQ ACK/NACK takes 2 ms or 8 ms in time domain. If we follow the legacy HARQ ACK/NACK timing with k = 4, collisions between multiple HARQ ACK/NACK could would happen. One way to avoid the collisions is to use dynamic indication. This indication can be conveyed in either UL grant or DL grant. Considering the downlink signalling overhead involved with additional UL grant, it is suggested to use DL grant for this resource allocation. 
2.1. Frequency domain resource allocation
For frequency resource allocation, considering that NB-PDSCH transmission is based on TDM, the likelihood of  multiple HARQ ACK/NACK in the same subframe is small. Therefore frequency positions for HARQ ACK/NACK can be restricted. For example, 2 bits can be reserved in DCI to indication frequency position.
Two alternatives can be used to acquire baseline subcarrier index:

· Alt 1: implicit acquirement

· Alt 2: fixed subcarrier index
In Alt 1, baseline subcarrier index is indicated implicitly via NB-PDCCH/NB-PDSCH/RNTI, and DCI is used to get offset for the subcarrier index for HARQ ACK/NACK. For example, baseline subcarrier can be the index of the corresponding NB-PDCCH within the search space, similar to the concept of using CCE index to derive PUCCH resource in the legacy LTE system. [2] 
In Alt 2, base subcarrier is fixed, the offset is indicated via DCI. One example of offset value is shown in Table 1, note in this example HARQ ACK/NACK is transmitted at edge of the bandwidth. 
Table 1 offset value 
	Field Value
	Offset

	0
	0

	1
	1

	2
	10

	3
	11


The baseline subcarrier position indicated via Alt 1 is variable, and this will impose some scheduling restriction on NB-PUSCH and create even more fragments.  Considering the impact on NB-PUSCH scheduling, it would be better that the frequency position of HARQ ACK/NACK is continuous. In order to avoid blocking of data traffic to HARQ ACK/NACK transmission, it is preferable that frequency location of HARQ ACK/NACK frequency is at the edge of bandwidth.
Proposal 1: Baseline subcarrier is fixed, and HARQ ACK/NACK is transmitted at the edge of the bandwidth.
2.2. Time domain resource allocation
Considering that HARQ ACK/NACK transmission is 2 ms for 15 kHz subcarrier spacing and 8 ms for 3.75 kHz, the starting subframe restriction can be based on the multiple of 2 ms/8 ms.
Proposal 2: Starting subframe for HARQ ACK/NACK transmission should be the multiple of 2 ms /8 ms.
In Table 2 and Table 3, DCI format details are given. To ensure DCI format N1 and DCI format N0 have the same size, 5/6 padding bits need to be added to DCI format N1.
Observation 1: To ensure DCI format N1 and DCI format N0 have the same size, 5/6 padding bits are needed in DCI format N1.
Table 2 DCI Format N1
	Bit field
	Number of bits

	Flag format N0/format N1 differentiation  
	1

	DL scheduling delay
	3

	Number of resource units
	3

	Modulation and coding scheme
	4

	Repetition number
	4

	New data indicator
	1 

	HARQ ACK/NACK resource indication（frequency domain）
	2 

	DCI subframe repetition number
	2

	CRC
	16

	Total
	36


Table 3 DCI Format N0
	Bit field
	Number of bits

	Flag format N0/format N1 differentiation 
	1

	Sub-carriers indication
	5 or 6

	UL scheduling delay
	2

	Number of resource units
	3

	Modulation and coding scheme
	4

	RV
	1

	Repetition number
	4

	TPC for PUSCH
	2

	New data indicator
	1

	DCI subframe repetition number
	2

	CRC
	16

	Total
	41 or 42


Considering the amount of downlink traffic, there is not much necessity to use 6 bit for time domain offset of HARQ ACK/NACK transmission. For this 2/4 bits are more appropriate. One way is direct indication while an alternative is two-stage indication, each stage use 2 bits. The first stage indicates large scale delay, for example [0, 4, 8, 16 RUs], while the second stage indicates offset to the delay indicated in the first state, for example, [0, 1, 2, 3 RUs]. 
Proposal 3: 2/4 bits shall be used for HARQ ACK/NACK time domain offset indication.
3. Conclusion

In this contribution, more details and considerations of UCI transmission for NB-IoT are presented. In summary, we make the following observation and proposals:
Observation 1: To ensure DCI format N1 and DCI format N0 have the same size, 5/6 padding bits are needed in DCI format N1.

Proposal 1: Baseline subcarrier is fixed, and HARQ ACK/NACK is transmitted at the edge of the bandwidth.

Proposal 2: Starting subframe should be the multiple of 2ms/8ms .

Proposal 3: 2/4 bits shall be used for HARQ ACK/NACK time domain offset indication
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