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1. Introduction
At RAN#69, a new work item named NarrowBand IOT (NB-IOT) was created, see [1]. The objective is for cellular internet of things to exchange data between them and the cellular network.


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

2. PUCCH design
It has been agreed that periodic CQI is not supported in NB-IOT. However current aperiodic CQI is initiated by eNB scheduling only, UE has no way to notify eNB when it sees large channel condition variations. It might be beneficial that UE conveys certain information about its channel condition when it meets certain condition. We therefore have the following proposal:
Proposal 1: Support event triggered CQI. 
[bookmark: _GoBack]The event triggered CQI can be one bit of CQI indication followed by a full CQI report. For example, the one CQI indication bit can be the request of eNB scheduling for a full aperiodic CQI report. Upon detecting a “1” in the CQI indication bit, eNB will send a grant for UE to transmit a full aperiodic CQI report. To avoid resource requirement, UE may transmit this CQI change indication bit only when UE has HARQ-ACK to transmit. We have the following proposal:
Proposal 2: When UE needs to transmit HARQ-ACK, it will also transmit one event triggered CQI change indication bit with QPSK modulations. 
The following is the CQI table agreed for eMTC. The CQI table can be reused for NB-IOT with 16QAM entries removed at least for UEs in deep coverage with small payload size where a coarse CQI report is sufficient. 

	CQI index 
	modulation 
	code rate x 1024 
	Efficiency 

	0 
	out of range 
	 
	 

	1 
	QPSK 
	40 
	0.0781 

	2 
	QPSK 
	78 
	0.1523 

	3 
	QPSK 
	120 
	0.2344 

	4 
	QPSK 
	193 
	0.3770 

	5 
	QPSK 
	308 
	0.6016 

	6 
	QPSK 
	449 
	0.8770 

	7 
	QPSK 
	602 
	1.1758 

	8 
	16QAM 
	378 
	1.4766 

	9 
	16QAM 
	490 
	1.9141 

	10 
	16QAM 
	616 
	2.4063 


Table 1. Modified CQI table for eMTC
Proposal 3: Consider reusing CQI table for eMTC with 16QAM entries removed for NB-IOT at least for UEs in deep coverage with small payload size.
With reduced CQI table, the CQI payload is only 3-bits. Currently aperiodic CQI is transmitted on PUSCH. With small payload size e.g., 3bits, it might not be efficient to transmit aperiodic CQI with PUSCH channel structure. Furthermore, for deep coverage UE, a single tone transmission might also be preferred. For simplicity we also propose a single tone transmission for control transmissions which include both ACK and event triggered CQI. On the other hand, it is possible that UE might not have UL data transmission during the transmission of control information and there might be timing drift between UE and eNB that leads to decoding failure. Therefore, there is a need for time tracking and timing offset adjustment based on control channel only. We propose a slot-based frequency hopping channel structure for control information transmissions as depicted in Figure 1 and Figure 2 for HARQ-ACK and event triggered CQI respectively. Phase offset of RS symbols between different slots can be used to estimate timing offset. Note that, the hopping is within the narrow band bandwidth, so there is no need to retune. We have the following proposals.



Figure 1. HARQ-ACK structure with slot-based frequency hopping



Figure 2. Aperiodic CQI structure with slot-based frequency hopping

Proposal 4: Consider single tone transmission for control information including HARQ-ACK and CQI. 
· Consider slot-based frequency hopping within the narrow band for control information transmission to allow time tracking. 

3. Summary
In this contribution we presented our views on the PUCCH design. We make the following proposals 
Proposal 1: Support event triggered CQI. 
Proposal 2: When UE needs to transmit HARQ-ACK, it will also transmit one event triggered CQI change indication bit with QPSK modulations. 
Proposal 3: Consider reusing CQI table for eMTC with 16QAM entries removed for NB-IOT at least for UEs in deep coverage with small payload size.
Proposal 4: Consider single tone transmission for control information including HARQ-ACK and CQI. 
· Consider slot-based frequency hopping within the narrow band for control information transmission to allow time tracking. 
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