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1 Introduction
In the last NB-IOT Ad-Hoc meeting, some agreements on UCI for NB-IOT were 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 UCI transmission scheme. In this contribution, we discussed two possible schemes for ACK/NACK transmission and gave performance evaluation.
2 Discussion
2.1 Possible ACK/NACK transmission schemes
There are two possible schemes for ACK/NACK transmission, and processing procedures are illustrated in Figure 1 and 2 respectively as following. 
The processing procedure of scheme 1 is more like NB-PUSCH, e.g., based on DMRS, and using the same scrambling/modulation processing as NB-PUSCH. There are some slight differences from NB-PUSCH, e.g., no CRC attachment, using repetition coding rather than turbo coding. In the simulation, 1 information bit is used to denote ACK and NACK, e.g. {1} for ACK, and {0} for NACK.

The processing procedure of scheme 2 is very different from NB-PUSCH. Scheme 2 is based on sequence detection, i.e., two orthogonal sequences are used to denote ACK and NACK respectively and directly mapped to the physical resources. In addition, in order to randomize inter-cell interference, UE-specific phase rotation can be applied to the sequences before physical resource mapping. In the simulation, the used orthogonal sequences are [1 1 1 1 1 1 1 1 1 1 1 1 1 1] for ACK and [1 1 1 1 1 1 1 -1 -1 -1 -1 -1 -1 -1] for NACK. 
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Figure 1 Repetition coding based scheme 1
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Figure 2 Sequence detection based scheme 2
2.2 Performance evaluation of ACK/NACK transmission
Figure 3 shows the performance evaluation of scheme 1 with different DMRS densities (e.g. 1/7~6/7) and scheme 2. Note that, following simulations just consider ACK/NACK detection, and do not consider DTX detection. For ACK/NACK detection, ACK or NACK is randomly transmitted and the probability of error detection is calculated as performance metric. In the simulations, there is no any bias between ACK detection and NACK detection, and single-tone transmission is used. Detailed simulation assumption can be found in Appendix.
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Figure 3 Performance comparison of scheme 1 and 2 

From the result, we can see increasing DMRS density could significantly improve ACK/NACK detection performance for scheme 1, e.g. DMRS density is increased to 3/7 from 1/7. Although increasing DMRS density will decrease the number of available REs for data mapping, it may not be a problem since the coding rate of 1 bit ACK/NACK is very high after repetition coding. If the coding rate is higher than a certain level, increasing DMRS density is beneficial. When DMRS density is increased to some level, e.g. 5/7 or 6/7, the performance is degraded due to lower coding rate. In this case, increasing DMRS density is harmful. Therefore, an optimal DMRS density may be 3/7 for scheme 1. If legacy 1/7 DMRS density is reused for NB-PUSCH, increased DMRS density comparing with NB-PUSCH is needed for ACK/NACK transmission.    

Proposal #1: Increased DMRS density comparing with NB-PUSCH is needed for scheme 1.
In addition, we can see the two schemes can achieve similar ACK/NACK detection performance. Comparing with scheme 2, scheme 1 may be able to save development effort since most processing modules can be shared by ACK/NACK and NB-PUSCH. Therefore, scheme 1 is preferred for ACK/NACK transmission.
Proposal #2: Scheme 1 is preferred considering a highly similar processing procedure for NB-PUSCH and ACK/NACK to simplify development effort.  

3 Conclusion
In this contribution, we discussed two possible schemes for UL ACK/NACK transmission and gave performance evaluation. Based on the discussion and evaluation results, we have following proposals: 
Proposal #1: Increased DMRS density comparing with NB-PUSCH is needed for scheme 1.

Proposal #2: Scheme 1 is preferred considering a highly similar processing procedure for NB-PUSCH and ACK/NACK to simplify development effort.  
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5 Appendix
Table 1 gives the simulation assumptions for above simulation results.
Table 1 Simulation assumptions for ACK/NACK transmission
	Parameter
	Value

	Propagation channel model
	ETU

	Maximum Doppler spread
	1 Hz

	Antenna configuration
	MS: 1Tx, BS: 2Rx

	Timing error
	Randomly chosen from [-2.5, 2.5] us

	Frequency error
	F_offset(t) = F_est_error + (F_drift_active * t)

	NB-IOT specific frequency error  (F_est_error)
	Randomly chosen from [-50, 50] Hz

	Frequency drift rate (F_drift_active)
	22.5 Hz/second

	Subcarrier pacing
	15kHz

	CRC attachment
	no

	Coding scheme
	Repetition coding

	Modulation scheme
	BPSK

	DMRS density
	1/7, 2/7, 3/7, 4/7, 5/7, 6/7 

	Sequences to denote ACK or NACK
	[1 1 1 1 1 1 1 1 1 1 1 1 1 1] for ACK
[1 1 1 1 1 1 1 -1 -1 -1 -1 -1 -1 -1] for NACK

	Resources for once transmission
	14 REs corresponding to single-tone and 1 subframe 

	Number of channel realizations
	5000
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