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1 Introduction

In RAN1 NB-IoT Ad-Hoc meeting, it has been agreed that transmission of ACK and/or NACK corresponding to NB-PDSCH is supported for both 3.75 and 15 kHz subcarrier spacing [1]. In this contribution, further considerations on the UCI for NB-IoT are discussed.
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

2  Details of ACK/NACK transmission
2.1 General designs for ACK/NACK
In LTE, uplink control information (UCI) including ACK/NACK corresponding to PDSCH can be transmitted on PUCCH or PUSCH. As for NB-IoT system, it seems quite inefficient to adopt fixed resource allocation for UCI transmission, e.g., certain subframes and/or subcarriers are reserved only to transmit UCI, since the available frequency resource for all NB-IoT UEs is limited to be one RB. Particularly for ACK/NACK corresponding to NB-PDSCH, it is feasible to transmit it on NB-PUSCH in a dynamic scheduling manner, and such mechanism would simplify the design and be helpful to standard progress. Thus, there is no need to adopt PUCCH-like approach or define a new channel to transmit ACK/NACK.
Proposal 1: ACK/NACK corresponding to NB-PDSCH is transmitted on NB-PUSCH.
For uplink data transmission on NB-PUSCH, turbo coding is considered to be supported. It is noted that turbo coding aims at optimizing the performance for large data block transmission, which may be not efficient for the transmission of 1 bit ACK/NACK. Thus, it is preferred to implement a new coding scheme for ACK/NACK. For example, repetition coding can be utilized since it has been recognized as an efficient approach for extremely small data block transmission. The transport block size (TBS) of one ACK/NACK should be predefined to be fixed, thus rate-matching is not supported. Besides, cyclic redundancy check (CRC) is not required since adding CRC is equivalent to increasing the bit repetition number.

Proposal 2: Repetition coding without CRC is supported for ACK/NACK transmission. 

It has been agreed that π/4-QPSK and π/2-BPSK are supported when single-tone is allocated, and QPSK is supported when multi-tone is allocated [1]. Obviously, QPSK would be used to modulate ACK/NACK bit for multi-tone transmission. While for single-tone transmission, it is necessary to mention that using π/4-QPSK and π/2-BPSK would achieve almost the same detection performance (with repetition coding) on the condition that the numbers of resource elements (REs) occupied by ACK/NACK block are equal. Although dynamically indicating the specific modulation via NB-PDCCH seems flexible, extra bit(s) should be added in DCI content, deviating from the compact DCI design principle. To avoid such control overhead, it is preferable to predefine the modulation for ACK/NACK transmission. According to the performance comparison between π/4-QPSK and π/2-BPSK, π/2-BPSK is preferable to modulate ACK/NACK on account of lower CM and PAPR.

Proposal 3:  π/2-BPSK is used to modulate ACK/NACK for single-tone operation. If multi-tone is supported for ACK/NACK transmission, QPSK is adopted.
In LTE, the transmission of PUSCH requires an UL grant via DCI carried in PDCCH. While for a NB-IoT UE, adopting the LTE-like UL grant mechanism to schedule a NB-PUSCH for ACK/NACK transmission would degrade the system efficiency due to the heavy loading for NB-PDCCH transmission, especially for the situation where no UL data transmission is scheduled. In fact, one ACK/NACK corresponds to a certain NB-PDSCH, and each NB-PDSCH needs to be triggered by a DL grant via DCI. Accordingly, triggering the ACK/NACK transmission by the DL grant via DCI seems feasible and efficient. 

Proposal 4: ACK/NACK transmission is triggered by DL allocation via DCI. 
2.2 ACK/NACK transmission along with uplink data

When ACK/NACK and uplink data are both existed, multiplexing ACK/NACK and uplink data within a resource unit should be supported, and reusing LTE-PUSCH transmission mechanism seems effective where several REs in NB-PUSCH are punctured for ACK/NACK transmission. When there is no ACK/NACK to be transmitted, the punctured REs are used for uplink data transmission. For resource units of different structures, the corresponding mapping patterns are naturally different, while the number of REs occupied by one ACK/NACK block should be kept equal for all the cases. And the specific number of REs within one resource unit should be designed according to fulfill the coverage performance. Since the requirement of demodulation performance for ACK/NACK is always higher than that for uplink data, it is preferred to map ACK/NACK symbols on the REs that are adjacent to DM-RS symbols so as to benefit from accurate channel estimation, which is shown as an example in Figure 1.  
In case of ACK/NACK transmission along with uplink data, there should be a separate UL grant DCI to schedule the uplink PUSCH resource. In our companion contribution [2], 3 bits of ‘HARQ-ACK resource’ are used to indicate the information regarding the ACK/NACK transmission resource. One of 8 codes that the 3 bits indicates can be used to indicate an ACK/NACK transmission with uplink data shall be used and there will be a UL grant DCI scheduled for the uplink PUSCH.

The number of REs used for the ACK/NACK transmission in each PUSCH resource unit should be designed to achieve the performance target assuming the ACK/NACK transmission duration should be shorter than that of the whole PUSCH data. Specifically, the repetition number of the resource units of PUSCH that conveys in-band ACK/NACK REs can be implicitly indicated according to MCS/repetition number of the corresponding uplink PUSCH. 
[image: image1.png]< 1ims

—

«— soto |

Slot1 ]

DM-RS
. ACK/NACK <ol
ymbols
resource mbol o
UL data DFT

I I I I I I I I 6-tone
)
2'ms
N
e o S TR ] 3one
‘ )
Y
1ms 4ms
single-tone
B [T | (15kHz)
[T T single-tone
) (3.75kHz)




Figure 1. Illustration of ACK/NACK transmission along with uplink data
Proposal 5: Reuse LTE-like mapping mechanism to multiplex ACK/NACK and uplink data in the case of ACK/NACK transmission with uplink data, and the repetition number of ACK/NACK is implicitly indicated via UL grant in DCI.
2.3 Only ACK/NACK transmission by single tone PUSCH transmission
In case of no uplink data when the PDSCHs are scheduled, only 1bit ACK/NACK information needs to be reported. A finer PUSCH resource unit should be designed for only ACK/NACK transmission. It is obvious that single-tone unit has better resolution on resource than a multi-tone unit. Hence, for only ACK/NACK transmission, single tone uplink transmission is preferable. The minimum resource unit for single-tone operation is 8 ms for 15 kHz subcarrier spacing and 32 ms for 3.75 kHz case. However, it is believed that it is not necessary to use this as the assumption for only ACK/NACK transmission, and therefore a smaller resource unit should be introduced to improve the resource efficiency.
As shown in the Figure 2, a single tone PUSCH resource unit for only ACK/NACK transmission is defined. And the scheduling unit for only ACK/NACK transmission is 1ms length for 15 kHz uplink transmission and 4ms length for 3.75 kHz uplink transmission. In each unit, for the symbols which are highlighted in purple color, the ACK/NACK codes are conveyed and a length 8 repetition coding is applied. For symbols which are highlighted in blue color, RS is repeated by six times. 
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Figure 2. Illustration of the PUSCH scheduling unit for only ACK/NACK transmission
Different with the case when there is uplink data, the single tone PUSCH resource for only ACK/NACK transmission can be indicated by DL assignment in DCI, where other seven codes indicated by 3-bit ‘HARQ-ACK resource resource’ field are used for indication. Seven ACK/NACK-only PUSCH resources should be pre-configured by higher layer.

While for the repetition number, it is preferable to be predefined in specification in order to avoid extra overhead in DCI. Particularly, different repetition numbers of ACK/NACK can be defined and each number corresponds to one coverage enhancement level. Thus NB-IoT UEs can determine the repetition number according to its coverage enhancement level which is noticed at UE via high-level signalling.
Proposal 6: ACK/NACK-only PUSCH unit is defined as single tone and with the duration of 1ms for 
15 kHz and of 4 ms for 3.75 kHz uplink transmission to support only ACK/NACK transmission.
Proposal 7: The ACK/NACK-only transmission is scheduled via DCI, where the repetition number of ACK/NACK-only PUSCH unit is predefined.
3 Aperiodic CSI

Aperiodic CSI may be beneficial for the eNodeB scheduling and other purposes. However, the measurement of CSI in extended coverage and extreme coverage may not be accurate and hence in Rel-13 eMTC the aperiodic CSI reporting is only supported for the UEs in CE Mode A. Similarly to eMTC, it is proposed to only support the aperiodic CSI reporting  for the UEs in normal coverage, which is up to 144dB MCL.
Since neither PMI nor RI is needed in NB-IoT, only CQI is required to be taken into consideration. CQI can be transmitted on NB-PUSCH, and the transmission mechanism can be similarly designed as that for ACK/NACK transmission. Transmission of aperiodic CQI can be triggered by which also allocates actual REs punctured in NB-PUSCH to map CQI symbols. The mapping resource for CQI transmission can be different or multiplexed with that for ACK/NACK transmission. 
Proposal 8: Similarly to eMTC, aperiodic CSI reporting in NB-IoT is only supported for UEs in normal coverage, which corresponds to MCLs up to 144dB. 

4 SR transmission

Since no PUCCH-like control channel needs to be defined for NB-IoT, SR can only be provided through the random access procedure. According to the traffic models agreed since the GERAN CIoT study, the NB-IoT system needs to support UEs with mobile autonomous periodic report and exception reports for UL traffics, so the scheduling request only via random access fulfills the requirements. UE would go back to an idle state after one transmission period, and initiate a new random access process when it has new data transmission. Specifically, it is proper to use Msg3 to convey SR since eNB can recognize the UE in terms of S-TMSI.
Proposal 9: Msg3 is used to convey SR.  

5 Conclusions 

In this contribution, further consideration on the UCI for NB-IoT is discussed, and the following proposals are given.
Proposal 1: ACK/NACK corresponding to NB-PDSCH is transmitted on NB-PUSCH.
Proposal 2:  Repetition coding without CRC is supported for ACK/NACK transmission.
Proposal 3: π/2-BPSK is used to modulate ACK/NACK for single-tone operation. If multi-tone is supported for ACK/NACK transmission, QPSK is adopted.
Proposal 4: ACK/NACK transmission is triggered by DL allocation via DCI. 
Proposal 5: Reuse LTE-like mapping mechanism to multiplex ACK/NACK and uplink data in the case of ACK/NACK transmission with uplink data, and the repetition number of ACK/NACK is implicitly indicated via UL grant in DCI.
Proposal 6: ACK/NACK-only PUSCH unit is defined as single tone and with the duration of 1ms for 
15 kHz and of 4 ms for 3.75 kHz uplink transmission to support only ACK/NACK transmission.
Proposal 7: The ACK/NACK-only transmission is scheduled via DCI, where the repetition number of ACK/NACK-only PUSCH unit is predefined.
Proposal 8: Similarly to eMTC, aperiodic CSI reporting in NB-IoT is only supported for UEs in normal coverage, which corresponds to MCLs up to 144dB. 

Proposal 9: Msg3 is used to convey SR.  
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