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1 Introduction

UCI transmissions in LTE, with the exception of aperiodic CSI, occur at predefined time instances such as ones determined by HARQ-ACK timing (even when defined by an UL reference UL/DL configuration in eIMTA) or ones configured by higher layer signaling such as for periodic CSI transmissions. 
In NR, HARQ-ACK timing will be dynamic and indicated by DL DCI formats. This introduces a TDD-like dimension even to FDD operation where a UE transmits HARQ-ACK information for multiple DL slots in one UL slot. As a result, HARQ-ACK codebook sizes will increase. The maximum HARQ-ACK codebook size per cell has not yet been determined but it is likely to be larger than in LTE, primarily due to support for code-block group (CBG) based HARQ-ACK, even though NR will support one codeword for up to two and possibly up to four layers [1]. With additional support of CA, the HARQ-ACK codebook size is likely to become larger than in LTE eCA for TDD with a maximum value potentially approaching 1000 bits (depending on a maximum number of CBGs per TB) . 
In LTE, when a HARQ-ACK codebook is incorrectly detected, all PDSCH transmissions need to be rescheduled, and therefore require retransmission of all associated DL DCI formats and data transport blocks. Even though a small HARQ-ACK codeword BLER can be targeted, this cannot be guaranteed in practice due to several factors including transmission power or channel/interference variability and, for large HARQ-ACK codebooks, it requires a reduction in the supportable coverage area.
NR will also support primarily (or only) triggered CSI-RS transmissions. This creates difficulties in CSI reporting as resources reserved for periodic CSI reports or semi-persistent scheduled (SPS) CSI reports can be wasted or be difficult to otherwise utilize when there has not been a CSI-RS transmissions for corresponding UEs. Further, the periodicity of CSI reporting can be difficult for a network to properly set when there is no associated periodic DL signal transmission (CSI-RS, CRS, etc.) for CSI measurements. 
This contribution considers dynamic triggering of UCI transmissions and also considers minimizing the different treatment of an information codeword as being a ‘data’ one or a ‘UCI’ one.
2 Triggered UCI Transmissions
2.1 HARQ-ACK
In LTE, a transmission of a HARQ-ACK codeword is always an initial transmission and retransmissions are not supported. Until Rel-13, this was anyway not possible as HARQ-ACK codewords were not supported by CRC. In Rel-13, new PUCCH formats were introduced (PUCCH Format 4 and PUCCH format 5) that used TBCC for coding a HARQ-ACK codeword and included CRC protection. This also enabled to increase a target HARQ-ACK codeword BLER from 0.1% to 1% and significantly improve coverage. It also became possible for an eNB to identify an incorrect decoding of a HARQ-ACK codeword. However, LTE/eCA does not provide support for the eNB to trigger the UE to retransmit the HARQ-ACK codeword although there is no fundamental difference between a ‘HARQ-ACK’ codeword and a ‘data’ codeword. It is further noted that LTE does provide support for a UE to essentially retransmit an ‘A-CSI’ codeword by triggering a retransmission of the A-CSI codeword from a UE using the same configuration for the A-CSI request field in an UL grant. 
Observation 1: With inclusion of CRC in UCI codewords, there is no fundamental difference between a ‘data’ codeword and a ‘UCI’ codeword.

The potential gains from a retransmission of a HARQ-ACK codeword will depend on the respective BLER for the initial transmission. Clearly, if the BLER is very low, such as 1e-4, there is little motivation to support retransmissions of a HARQ-ACK codeword as the impact on system throughput will be small. However, supporting extremely low BLER values is not possible without a significant loss in coverage especially as the HARQ-ACK codebook size grows. For example, an SINR of about 7 dB can be required for a transmission of 120 HARQ-ACK bits with BLER of 1% [2, 3]. In practice, especially for HARQ-ACK codewords with tens or even hundreds of information bits in case of CA, ‘bundling window’, and CBG-based HARQ-ACK transmissions, a BLER in the order of 1% or higher can be expected if reasonable coverage is to be supported. 
Coverage can be further reduced in NR due to the smaller NR slot duration than the LTE subframe duration (e.g. 0.5 msec vs. 1 msec) and the possibility for partial UL slots where an available time for a transmission of a HARQ-ACK codeword can be less than 0.5 msec. Repetitions for a transmission of a HARQ-ACK codeword across slots can improve coverage but this is undesirable due to potentially dynamic slot structures and due to an associated reduction in supportable data rates for a given number of HARQ processes or UE soft buffer size. 

Observation 2: Single-slot HARQ-ACK coverage in NR may be reduced relative to single-subframe HARQ-ACK coverage in LTE due to the support of larger HARQ-ACK codebook sizes and the shorter transmission duration in NR.

Enabling a network to operate with a HARQ-ACK BLER of 1% or larger can increase coverage and provide robustness to HARQ-ACK transmission against practical non-idealities such as MPR, imperfect transmission power setting at the UE (e.g. occasional power limited operation, transmission power variations that are allowed to be within 6 dB of the nominal power determined by the power control formula, accumulation errors in TPC command values, fast fading, etc.), and interference variations. 
For example, for a HARQ-ACK codebook size of 200 bits (e.g. for PDSCH transmissions over 4 slots, 10 code block groups per transport block, and 5 cells for DL CA), a retransmission of all DL DCI formats and PDSCHs in case of an HARQ-ACK codebook detection error is likely to consume all or a substantial part of the DL resources in 4 slots and 5 cells and effectively also requires a transmission of a same HARQ-ACK codeword that cannot be combined with the previous HARQ-ACK codeword as the contents can be different. An associated latency for processing data TBs will also increase as the scheduling/transmission and HARQ-ACK feedback for TBs that were already correctly received by the UE will require a longer time for a gNB to determine than a time required for an HARQ-ACK codeword retransmission. Also, allowing a gNB to trigger a retransmission of the same HARQ-ACK codeword enables combining (and hence a lower effective BLER that can also be improved due to time diversity, similar to conventional HARQ operation) and can result to retransmission of only the data CBGs that were incorrectly detected by the UE.

Proposal 1: Consider mechanisms to support triggering for a retransmission of a HARQ-ACK codeword from a UE in NR.

2.2  A-CSI
Triggered CSI transmissions in LTE are only supported through UL DCI formats scheduling a PUSCH where the A-CSI is multiplexed. It is noted that an UL DCI format does not necessarily need to schedule data transmission with the A-CSI transmission in a PUSCH as transmission from a UE of only an A-CSI report in a PUSCH can be triggered by an UL DCI format. This is mostly sufficient in LTE due to the periodic nature of CSI-RS (and CRS) transmissions and the existence of periodic CSI reports. However, this mechanism was designed in Rel-8 without ‘forward compatibility’ considerations and started becoming a limiting factor even in LTE for ‘rich’ CSI feedback, as increased support of MIMO and CA grew, since an UL DCI format has to be transmitted to every UE that needs to provide an A-CSI report.
The LTE limitations can be avoided in NR by introducing UE-group common triggering for A-CSI reports. Similar to other uses of UE-group common control signaling considered in NR, the use of a UE-group common PDCCH triggering A-CSI reports need not be mandatory for a network and the network can still obtain A-CSI reports from UEs using individual UL grants to provide respective A-CSI requests. Nevertheless, especially considering that typical traffic patterns associated with requirements for A-CSI reports are DL-heavy, not all UEs can be expected to have frequent UL data traffic and certainly not all UEs can be expected to have schedulable UL data traffic at the time when respective A-CSI reports are desirable. Having a gNB transmit UL grants to multiple UEs for the only purpose of obtaining an A-CSI report is wasteful and this is an area where spectral efficiency and functionality improvements relative to LTE are relatively easy to obtain. Although LTE can also use UE-group common PDCCH for triggering A-CSI reports, the benefits will be larger for NR due to the aperiodic CSI-RS transmission and the associated requirement to have multiple UEs provide corresponding A-CSI reports with low latency. 
Proposal 2: Consider mechanisms to support UE-group common control signaling for triggering aperiodic CSI-RS reports.

3 Conclusions

This contribution considered motivations and mechanisms to support UCI triggering in NR. In particular, the following are proposed. 
Proposal 1: Consider mechanisms to support triggering for a retransmission of a HARQ-ACK codeword from a UE in NR.

Proposal 2: Consider mechanisms to support UE-group common control signaling for triggering aperiodic CSI-RS reports.

In addition, the following observations are made.
Observation 1: With inclusion of CRC in UCI codewords, there is no fundamental difference between a ‘data’ codeword and a ‘UCI’ codeword.

Observation 2: Single-slot HARQ-ACK coverage in NR may be reduced relative to single-subframe HARQ-ACK coverage in LTE due to the support of larger HARQ-ACK codebook sizes and the shorter transmission duration in NR.
References:

[1] TSG RAN1#88, “Final Minutes from RAN1#88 (Athens’ meeting)”, MCC
[2] R1-154112, “PUCCH Format(s) for Enhanced CA”, Samsung
[3] R1-154116, “HARQ-ACK Coverage Enhancements”, Samsung














































































































































PAGE  
1

