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1 Introduction
In the last meeting, some agreements on UCI for NB-IOT have been 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 physical transmission design of ACK/NACK. In this contribution, we try to give the preliminary performance evaluation on NB-PUCCH to guide the potential design direction for physical transmission scheme of ACK/NACK.
2 Discussion
In another accompanying contribution [2], we proposed to new design NB-PUCCH for ACK/NACK only transmission. Regarding physical transmission scheme of the new NB-PUCCH, possible design directions may be very diverse, e.g. much similar to NB-PUSCH, much similar to legacy PUCCH, or some new design. In this contribution, we give the preliminary performance evaluation of sequence based NB-PUCCH and TBCC based NB-PUCCH, performance evaluation of NB-PUCCH with different DMRS densities, and performance evaluation of NB-PUCCH occupying different sizes of resource. 
Note that, following simulations just consider detection performance of ACK/NACK, and detection performance of DTX is not considered. For ACK/NACK detection performance, ACK or NACK is randomly transmitted and probability of error detection is calculated as performance metric. In the simulations, there is no any bias for ACK or NACK detection probability, and single-tone NB-PUCCH transmission is considered. Detailed simulation assumption can be found in Appendix.

Performance evaluation of sequence based NB-PUCCH and TBCC based NB-PUCCH
Figure 1 and 2 give the illustrations of processing for sequence based NB-PUCCH and TBCC based NB-PUCCH respectively, wherein two orthogonal sequences of 24 bits (for sequence based NB-PUCCH) and 8 bits (for TBCC based NB-PUCCH) are used to represent ACK/NACK. And, NB-PUCCH is mapped to 28 REs consisting of single-tone and 2 subframes.
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Figure 1 Sequence based NB-PUCCH
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Figure 2 TBCC based NB-PUCCH
The performance evaluation of sequence based NB-PUCCH and TBCC based NB-PUCCH is showed in Figure 3. From the result, we can see that ACK/NACK detection performance of TBCC based NB-PUCCH is obviously worse than sequence based NB-PUCCH. Since there are just two status detections for ACK and NACK which is distinguished according to the distance between received signal and the two orthogonal sequences representing ACK/NACK, the ACK/NACK detection performance may be directly related to the length of orthogonal sequences. Thus, performance degradation may because the sequence length for TBCC based NB-PUCCH (i.e. 8bits) is smaller than sequence based NB-PUCCH (i.e. 24bits). In addition, TBCC may not be efficient for such short sequences of 8 bits. Therefore, sequence based NB-PUCCH design is preferred.    

Observation #1: The ACK/NACK detection performance of TBCC based NB-PUCCH is obviously worse than sequence based NB-PUCCH.

Proposal #1: Sequence based NB-PUCCH design is preferred.
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Figure 3 Performance evaluation of sequence based NB-PUCCH and TBCC based NB-PUCCH
Performance evaluation of NB-PUCCH with different DMRS densities
Figure 4 gives the performance valuation of NB-PUCCH with different DMRS densities, wherein sequence based NB-PUCCH in Figure 1 is adopted. ‘DMRS 1X’, ‘DMRS 2X’, and ‘DMRS 3X’ mean the DMRS density of 1/7, 2/7 and 3/7 respectively, wherein DRMS is mapped to middle 1, 2, or 3 symbols within each slot. For a larger DMRS density, two shorter orthogonal sequences are used to represent ACK/NACK, e.g. using 24 bits, 20 bits, and 16 bits sequences for 1/7, 2/7, and 3/7 DMRS density respectively. 
From the result, we can see a larger DMRS density could improve the ACK/NACK detection performance of NB-PUCCH. This may because ACK/NACK detection performance for sequence based NB-PUCCH is more sensitive to channel estimation performance which could be improved by a larger DMRS density. Although the number of available REs for ACK/NACK mapping is reduced by using a shorter sequence representing ACK/NACK, the overall performance improvement by increasing DMRS density may be larger than by using a longer sequence. And, the observation may not be suitable for NB-PUSCH [3], wherein no obvious performance gain is obtained by increasing DMRS density for NB-PUSCH. Therefore, a larger DMRS density than NB-PUSCH is recommended for NB-PUCCH.    
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Figure 4 Performance evaluation of NB-PUCCH with different DMRS densities
Observation #2: A larger DMRS density could improve the ACK/NACK detection performance of NB-PUCCH.
Proposal #2: NB-PUCCH should use a larger DMRS density than NB-PUSCH.

Performance evaluation of NB-PUCCH occupying different sizes of resource
Figure 5 gives the performance evaluation of NB-PUCCH occupying different sizes of resource, wherein sequence based NB-PUCCH in Figure 1 is adopted. Four sizes of resource for NB-PUCCH transmission are simulated, i.e., 14, 28, 56, and 112 REs corresponding to 1, 2, 4 and 8 subframes respectively. For a given size of resource, both cases using a small resource unit with repetition and using a large resource unit without repetition are simulated. Here, ‘X SF, Rep=Y’ means the once transmission of NB-PUCCH occupies X subframes, and the number of NB-PUCCH repetitions is Y.
From the result, we can see that the ACK/NACK detection performance is directly related to overall resources occupied by NB-PUCCH. For example, the case of occupying 112 REs (i.e. 8 subframes) can improve about 3dB performance gain comparing with the case of occupying 56 REs (i.e. 4 subframes) at the point of 1% error detection probability. In addition, given the same size of overall resource for NB-PUCCH transmission, using a small resource unit with repetitions can achieve almost the same detection performance as using a large resource unit without repetitions. This is because using repetition is exactly the same thing as using a large resource unit for sequence based NB-PUCCH since a long sequence is exactly repeated based on a short sequence. Thus, considering specification effort and simple design, multiple NB-PUCCH transmission formats occupying different sizes of resource may not be preferred to support different coverage levels. Therefore, a single transmission format occupying a given size of resource should be specified for once transmission of NB-PUCCH, e.g. single-tone transmission occupying 1, 2, 4 or 8 subframes depending on the working SINR. And, repetitions based on the single transmission format should be used support all coverage levels. 

Observation #3: For sequence based NB-PUCCH, using a small resource unit with repetition could achieve the same ACK/NACK detection performance as using a large resource unit without repetition if the overall occupied resources are the same.

Proposal #3: A single transmission format occupying a give size of resource should be specified for once transmission of NB-PUCCH, and repetitions based on the single transmission format should be used to support all coverage levels.
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Figure 5 Performance evaluation of NB-PUCCH occupying different sizes of resource
3 Conclusion
In this contribution, we give the preliminary performance evaluation of TBCC based NB-PUCCH and sequence based NB-PUCCH, performance evaluation of NB-PUCCH with different DMRS densities, and performance evaluation of NB-PUCCH occupying different sizes of resources. Based on the discussions and evaluation results, we have following observations: 
Observation #1: The ACK/NACK detection performance of TBCC based NB-PUCCH is obviously worse than sequence based NB-PUCCH.

Observation #2: A larger DMRS density could improve the ACK/NACK detection performance of NB-PUCCH.

Observation #3: For sequence based NB-PUCCH, using a small resource unit with repetition could achieve the same ACK/NACK detection performance as using a large resource unit without repetition if the overall occupied resources are the same.

and proposals:

Proposal #1: Sequence based NB-PUCCH design is preferred.

Proposal #2: NB-PUCCH should use a larger DMRS density than NB-PUSCH.

Proposal #3: A single transmission format occupying a give size of resource should be specified for once transmission of NB-PUCCH, and repetitions based on the single transmission format should be used to support all coverage levels.
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5 Appendix
Table 1 gives the simulation assumptions for above simulation results.
Table 1 Assumptions for NB-PUCCH link level simulation
	Parameter
	Value

	Frequency band
	900 MHz

	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 attaching
	no

	Coding scheme
	With/without TBCC

	Modulation scheme
	BPSK

	DMRS density/pattern
	1/7, 2/7, 3/7 

	Sequences to indicate ACK or NACK
	[0 1 0 1 0 1 0 1 0 1 …] for ACK
[1 0 1 0 1 0 1 0 1 0 …] for NACK

	Resources for once transmission
	14/28/56/112 REs corresponding to single-tone and 1/2/4/8 subframe(s) 

	Repetition number
	1/2/4/8

	Cross-subframe channel estimation
	no

	Number of channel realizations
	10000
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