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1. Introduction
In RAN1 adhoc meeting #2 on NB-IOT, the following agreement has been made:

· For ACK/NACK only transmission of NB-PDSCH in NB-IoT:
· Only single tone transmission is supported
· 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
In addition, we have the following 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 



In this contribution, we provide our views on PUCCH design for NB-IOT. 

2. UL ACK channel design
For UL ACK channel, 3 DM-RS symbol is current working assumption. We have run simulations to confirm that 3 DM-RS design gives significant performance benefit compared to 1 DM-RS as shown in Figure 1. to Figure 3. In all simulations, TU1 channel model is used and DTX to ACK error rate is fixed at 10^-2.  Figure 1 shows the UE with MCL 164dB with different bundling size. It can be observed that to reach the same performance target, roughly doubled bundling size is required for 1 DM-RS. With 3 DM-RS we can save half of the resources. Figure 2. Shows that when there is other cell PUSCH random data channel interference fixed at 1dB SNR, then close to 5dB performance gain is achieved with 3 DM-RS, which translated to at least 2/3 of resource savings as shown in Figure 3. These simulations show significant gain of 3 DM-RS for ACK/NACK channel. We therefore propose to confirm the working assumption:
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Figure 1.  UE with MCL 164dB in TU1 channel
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Figure 2. UE with bundling size 100 subframes and varied SNR in TU1 Channel with inter-cell interferer fixed at 1dB SNR
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Figure 3. UE with MCL 164dB and varied bundling size with interferer fixed at 1dB SNR

Proposal 1: Confirm the working assumption:  Support 3 DM-RS symbols per 7 symbol period for ACK/NACK channel

Furthermore, a similar spreading for data symbols of ACK/NACK channel should be applied similar to DM-RS symbols to suppress inter-cell interference. We therefore have the following proposals:
Proposal 2: Use length 4 OCC sequence defined for PUCCH on data symbols of ACK/NACK channel
· 
The OCC ID is pseudo-randomly selected (from existing OCCs) according to 



Figure 4. HARQ-ACK structure with slot-based frequency hopping


Proposal 3: Consider slot-based frequency hopping within the narrow band for UL ACK/NACK channel transmission to allow time tracking. 
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3. Summary
In this contribution we presented our views on the PUCCH design. We make the following proposals 
Proposal 1: Confirm the working assumption:  Support 3 DM-RS symbols per 7 symbol period for ACK/NACK channel
Proposal 2: Use length 4 OCC sequence defined for PUCCH on data symbols of ACK/NACK channel
· 
The OCC ID is pseudo-randomly selected (from existing OCCs) according to 
Proposal 3: Consider slot-based frequency hopping within the narrow band for UL ACK/NACK channel transmission to allow time tracking. 
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