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1 Introduction

This contribution discusses issues related to UCI transmission for NB-IoT. 
2 Aperiodic CSI Transmission 

It is discussed whether to support aperiodic CSI reporting. In our view, aperiodic CSI reporting may not be so essential, particularly for large repetition case due to its measurement overhead and inaccuracy. However, it would be useful to indicate long-term measurement such as RSRP. In that case, if any aperiodic trigger of measurement is supported, a UE may report its RSRP of the serving cell once it is triggered. To support aperiodic CSI or measurement report, it is not desirable to support simultaneous transmission of aperiodic CSI or measurement and data particularly for single tone NB-PUSCH transmission or non-12 tone transmission due to the lack of the transmission resources and potential specification impact. Instead, we prefer to transmit aperiodic CSI or measurement report (if supported) via NB-PUSCH structure without any data transmission similar to A/N transmission mechanism. In this case, similar to A/N transmission, resource indication can be indicated via DL assignment (e.g., DL assignment may carry frequency/time resource).  In case similar mechanism to A/N transmission is used for measurement reporting, instead of repetition code, data encoding (turbo encoding) with CRC can be used to minimize the impact. 
Overall our proposal regarding aperiodic CSI or measurement is the followings. 

Proposal 1: Aperiodic CSI reporting is not supported. 

Proposal 2: If aperiodic measurement report is supported, consider reporting RSRP of the serving cell. 

Proposal 3: If aperiodic measurement report is supported, DL assignment triggers reports. The report is transmitted using PUSCH structure without data. DL assignment may also indicate at least partial frequency/time resource information for PUSCH for measurement report. 

3 A/N Transmission
To support A/N transmission without the associated uplink data, overall two approaches can be considered. One is to use PUSCH structure where 1 bit would be transmitted if there is no associated data in A/N transmission. If the frequency of A/N transmission is not significant, this approach is considerable as it offers low UE complexity, and specification impact. The other approach is to introduce a new channel. When a new channel is considered, the requirements on the new channel need to be clarified. First question is whether to allow CDM among UEs similar to PUCCH structure in LTE. Though it would depend on the downlink transmission design and timing, at least in a single NB-IoT carrier, the probability of multiple UEs transmitting A/N at the same time is low. On the other hand, multiplexing in CDM manner among UEs would require efficient power control, DM-RS design and data scrambling. In that sense, we propose not to consider CDM among UEs even a new channel will be designed for A/N transmission. 

Proposal 4: CDM among multiple A/N transmissions from multiple UEs is not supported in Rel-13. 

If a new channel is introduced, one simple approach could be to reuse PUSCH structure with different DM-RS density. As A/N bit size is very small (e.g., 1 bit), it may also require reducing the uplink resource unit size for A/N transmission. 

Proposal 5: Utilize PUSCH structure to transmit A/N bit with possibly different DM-RS density and uplink resource unit size. 
In terms of UCI piggybacking, it may be dependent on how A/N resource is scheduled. In terms of A/N resource scheduling, the following approaches can be considered. 

(1) In every downlink scheduling DCI, additional A/N resource allocation (e.g., time and frequency location of A/N transmission, the number of required repetition) can be indicated. In this case, A/N will be transmitted according to the indicated resource. To minimize the overhead, some information may be skipped such as frequency location or the repetition number. This will increase the size of one DCI which will also affect the size of UL grant. If we assume that UL grant may indicate the number of tones and the starting subcarrier index dynamically, it is expected that UL grant size can be larger than DL assignment. In case DL assignment size is smaller than UL grant, it can be considered to indicate both time and frequency resource for A/N transmission. 

(2) Separate from downlink scheduling DCI, additional DCI is used to schedule A/N resource. If this approach is used, multiplexing of two NB-PDCCHs at the same time is essential to allow a UE to receive both DCIs at the same time. Otherwise, it will delay the A/N transmission time. The additional DCI can carry the necessary scheduling information for A/N transmission. 

(3) UL grant is used to schedule A/N transmission. In case a UE has no data to transmit, the assigned TB size would be 1. If this approach is used, A/N bit may be jointly encoded with data and transmitted by utilizing the same NB-PUSCH structure.

(4) Implicit determination from CCE index or timing of NB-PDSCH transmission or based on UE ID: to minimize the overhead of DCI, one approach is to implicitly determine the resource of A/N transmission. If this is used, some resources may be reserved for A/N transmission similar to legacy LTE system. One example is to allocate one or two subcarriers for A/N transmission.

To minimize the overhead, we consider Option (1) or (4) is further considered. A hybrid approach of (1) and (4) can be considered where resource is determined implicitly with information carried in downlink scheduling DCI. For example, DCI may carry “offset” of starting time for A/N transmission which will be used to determine the starting time of A/N transmission. 

Proposal 6: At least partially, consider implicit A/N resource determination based on transmission timing of NB-PDSCH or UE ID.  
When Option (1), (2) or (4) is used, it becomes challenging to align starting subframe and end subframe of A/N transmission and NB-PUSCH transmission. It is possible that A/N transmission may occur during NB-PUSCH repetition or A/N transmission may start earlier than NB-PUSCH repetition (or vice versa). As it becomes complicated to handle such partial overlap cases between A/N and NB-PUSCH transmission, A/N piggybacking on NB-PUSCH may not be supported in all cases for the simplicity. Instead, earlier transmission may be prioritized and the latter scheduled transmission can start only after the earlier transmission finishes. 

Proposal 7: Unless A/N transmission is always scheduled with UL grant, A/N piggybacking on NB-PUSCH is not supported. 
4 Conclusion 

In this contribution,  we proposed the followings.
Proposal 1: Aperiodic CSI reporting is not supported. 

Proposal 2: If aperiodic measurement report is supported, consider reporting RSRP of the serving cell. 

Proposal 3: If aperiodic measurement report is supported, DL assignment triggers reports. The report is transmitted using PUSCH structure without data. DL assignment may also indicate at least partial frequency/time resource information for PUSCH for measurement report. 

Proposal 4: CDM among multiple A/N transmissions from multiple UEs is not supported in Rel-13. 

Proposal 5: Utilize PUSCH structure to transmit A/N bit with possibly different DM-RS density and uplink resource unit size. 
Proposal 6: At least partially, consider implicit A/N resource determination based on transmission timing of NB-PDSCH or UE ID.  
Proposal 7: Unless A/N transmission is always scheduled with UL grant, A/N piggybacking on NB-PUSCH is not supported. 
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