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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 
It is concluded 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 is transmitted via PUSCH. 
Channel processing and resource allocation are two 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 Figure1.  After channel coding, scrambling, modulation and transform precoding, the data stream is mapped to the corresponding resources and transmitted using SC-FDMA. 
In legacy PUSCH, turbo coding is applied for the data after CRC. When 1 bit HARQ ACK/NACK is transmitted via PUSCH, turbo coding cannot be used for coding of HARQ ACK/NACK because the minimum block size 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 HARQACK/NACK. 
It is agreed that the modulation scheme is Pi/2-BPSK and Pi/4-QPSK when single tone is allocated. We slightly prefer   Pi/2-BPSK as the modulation scheme of 1 bit HARQ ACK/NACK transmission.  
For resource mapping, considering 1 bit HARQ ACK/NACK transmission, using RU defined for data transmission will cause resource waste. Therefore it is suggested one subcarrier and x time domain length is used for PUSCH. Considering that current 1ms HARQ ACK/NACK transmission can satisfy coverage requirement of MCL=144dB [2], and the uniform design principle for different subcarrier spacing, it is suggested the minimum time domain length x is 2ms. 
There are two choices for DM-RS pattern for HARQACK/NACK PUSCH: 
· Alt 1: Same as legacy PUSCH DMRS pattern

· Alt 2: Increase the DMRS density compared with PUSCH
 There are proposals [3] to adopt PUCCH format 1/1a/1b like DM-RS density, i.e. increasing the DM-RS density to 3 DM-RS symbol/slot.  In table 1 we show the performance comparison of these two schemes, from these results it is evident that Alt 1’s performance is better. 
Table 1 Performance of Alt1 and Alt2

	
	Alt 1
	Alt 2

	SNR for ACK BER=10^(-3)
	TU
	-3.1 dB
	-1.3 dB

	
	EPA
	-3.2 dB
	-1.5dB


Proposal 1:  Repetition coding, Pi/2-BPSK modulation, resource unit of 1 subcarrier by 2ms, and PUSCH-liked DMRS pattern are suggested for channel processing of HARQ ACK/NACK transmission.
· Resource allocation
In NB-IoT the minimum granularity of NB-PDSCH is 1 ms while HARQ ACK/NACK takes 2 ms in time domain. If we follow the legacy HARQ ACK/NACK timing with k = 4, collisions between multiple HARQ ACK/NACK could happen. One way to avoid this is to use dynamic indication. This indication can be conveyed in either UL grant or DL grant. Considering the downlink signalling overhead involved with UL grant, it is suggested to use DL grant for this resource allocation. 
 For frequency resource allocation, considering that 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.
For HARQ ACK/NACK timing, there are two choices as follows:
· Alt 1: the timing between PDSCH ending subframe to the start of HARQ ACK/NACK
· Alt 2: the timing between the pre-configured subframe to the start of HARQ ACK/NACK
 For Alt 1, if PDSCH ending subframe is subframe n, then the corresponding HARQ ACK/NACK subframe is on n+k subframe, where k is indicated via DCI. An example is given in Figure 2, here k is 13, then the starting subframe of HARQ ACK/NACK corresponding to the PDSCH on subframe {5, 6} of frame 2 is subframe 9 of frame 3.
For Alt 2, if pre-configured subframe (via higher layer) exists then the offset between this subframe and the starting subframe of HARQ ACK/NACK can be indicated via DCI. An example is given in Figure 3 where pre-configured subframes have 8 ms period. Compare with Alt1, Alt2 can guarantee the same starting subframe for multiple HARQ ACK/NACKs. Therefore resources utilization will be more efficient so we slightly prefer Alt 2. Considering the downlink traffic and signalling overhead, 2 bits can be used to indicate the offset, same as ARO.
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Figure 2: An example of Alt 1
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Figure 3: An example of Alt 2
Proposal 2: It is suggested to use DL grant for HARQ ACK/NACK resource allocation..

HARQ ACK/NACK transmission with data
 In RAN1 #84 the following conclusion about PDSCH/PUSCH scheduling time was reached:
· DL and UL scheduling delays are indicated in DCI

· number of delay values that can be signalled for the UL scheduling delay is less than the number of values for the DL 

· FFS the number of values and the sets of values. 

 Therefore the time domain position of PUSCH is indicated via DCI. If HARQ ACK/NACK with PUSCH UL-SCH is not supported, eNB need to take extra precaution to handle collisions, which adds some restriction on scheduling. Therefore we propose to support HARQACK/NACK with PUSCH UL-SCH. When HARQ ACK/NACK and data co-exist, legacy UCI transmission on PUSCH can be reused.
 Proposal 3: HARQACK/NACK piggybacking on PUSCH is supported.

· Reuse legacy HARQ ACK/NACK transmission on PUSCH.
2.2. 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 4: SR and HARQ ACK/NACK can be simultaneously transmitted in the same subframe.
2.3. Aperiodic CQI 
Considering that NB-PUCCH is not supported, if we support aperiodic CQI, more work is needed to design new transmission format and resource allocation schemes which increase the complexity for standardization. Note in NB-IoT downlink traffic is limited and the code rate supported is low, therefore the benefit of utilizing CQI is not evident. Therefore we propose not to support aperiodic CQI.
Proposal 5: Aperiodic CQI is not supported.
3. Conclusion

In this contribution, more details and considerations of UCI transmission for NB-IoT are presented. In summary, we propose:
Proposal 1:  Repetition coding, Pi/2-BPSK modulation, resource unit of 1 subcarrier by 2ms, and PUSCH-liked DMRS pattern are suggested for channel processing of HARQ ACK/NACK transmission.
Proposal 2: It is suggested to use DL grant for HARQ ACK/NACK resource allocation.
Proposal 3: HARQACK/NACK piggybacking on PUSCH is supported.

· Reuse legacy HARQ ACK/NACK transmission on PUSCH.
Proposal 4: SR and HARQ ACK/NACK can be simultaneously transmitted in the same subframe.
Proposal 5: Aperiodic CQI is not supported.
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 Appendix

Table A1 Link level simulation assumptions

	Parameter
	Value

	Frequency band
	2 GHz

	Channel scenario
	TU, EPA

	Antenna configuration 
	1Tx, 2Rx

	Modulation mode
	BPSK

	HARQ-ACK
	1bit

	Number of tones
	1

	Duration
	2 ms
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Figure A1 Performance of different DMRS pattern for HARQ ACK/NACK PUSCH for TU
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Figure A1 Performance of different DMRS pattern for HARQ ACK/NACK PUSCH for EPA
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