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[bookmark: _Ref525839402]Introduction
To enhance the basic support of URLLC already offered in Rel.15 NR, several use cases were defined in Rel.16 such as factory automation, transport industry or electrical power distribution. A new SI on Physical Layer Enhancements for NR URLLC has been approved at RAN#80 [1], with the objectives of further improving the reliability and latency, enhancing multiplexing considering different latency and reliability requirements and enhancing grant-free transmission. 
One of the identified L1 methods for improving the reliability/latency consists in PDCCH enhancements, such as the introduction of a compact DCI, PDCCH repetitions, or increased PDCCH monitoring capability.
The opportunity of introducing a new DCI format was already discussed in Rel. 15. In RAN1#92b [2], it was concluded that:
· There is no consensus in Rel-15 to support:
· Defining a new DCI format(s) that has a smaller DCI payload size than DCI format 0-0 and DCI format 1-0 unicast data, and/or 
· For a given carrier, PDCCH repetitions over same or multiple PDCCH monitoring occasion(s) of the same or multiple CORESET and search space

At the last RAN1#94 meeting [4], it was decided to:
· Further evaluate the potential PDCCH enhancements for NR Rel-16 URLLC.
· Further evaluate PDCCH reliability 
· Further evaluate PDCCH blocking 
· Companies describe the resource utilization 
· Complexity should be considered
· Latency of the enhancement(s) should be considered

The current contribution gives our views on the introduction of a new compact DCI format for NR URLLC. This contribution is revised from R1-1808191.

Discussion
In 5G, vertical applications such as factory automation, transport industry, e-health, etc are of utmost importance, and URLLC is one of their main enablers. General NR requirements are defined in TR38.913 [3] and include URLLC requirements to satisfy such use cases, for example a target U-plane average latency of 0.5 ms, and a reliability of 10-5 to transmit a 32 bytes packet within 1 ms.
PDCCH performance is a key feature in ensuring transmission reliability, its performance target should be at least the same of PDSCH. In the case of a one-shot DL transmission, BLER for DL control should be less than 10-5. The BLER requirement may be more relaxed for the case with retransmissions.
For increasing PDCCH reliability, several means were identified [4]: introducing a new compact DCI format, using higher aggregation levels, performing PDCCH repetition, or increasing PDCCH monitoring opportunities.

Compact DCI
During Rel.15, the performance gain of introducing a compact DCI format has been assessed by taking into account both BLER evaluations and the UE complexity of blind detection. A reduction of at least 10 bits compared to DCI format 1_0 and DCI format 0_0 has been acknowledged to bring performance improvement. The findings from inputs of different companies summarized in [3] report gains from 0.3dB to 1 dB for a reduction of 10 bits and from 0.4dB to 2-3dB for a reduction of 16 bits, depending on the PDCCH aggregation level.
Proposal 1: Support a compact DCI format targeting a reduction of at least 10 bits with respect to DCI format 1_0 and DCI format 0_0.

The fallback DCI formats 1_0 and 0_0, designed to be used at least during RRC reconfiguration, have a reduced number of fields and thus reduced number of bits. The constraints implied by the use of fallback formats, such as single layer transmission with contiguous frequency domain resource allocation seem compatible with URLLC transmission. Indeed, for URLLC purposes, rather small data packets will be typically transmitted with short duration onto a large band, achieving thus sufficient frequency diversity gain. From a frequency diversity point of view, distributed frequency domain resource allocation is not necessary. The design of compact DCI should be started having as baseline fallback DCI formats 1_0 and 0_0. Additional fields may be still be added if proven necessary. At least indications for carrier index, rate matching, waveform, or repetition factor were already cited [4] as potential candidates for field extension.
Proposal 2: The fields in DCI format 1_0 and DCI format 0_0 are the baseline for the design of a compact DCI format.

Starting from the fields present in the DCI formats 1_0, the following observations can be made for the design of the corresponding fields of the compact formats.
· Header/Identifier for DCI format: keep to 1 bit
· Needs to be conserved to discriminate between the UL/DL assignments in the compact format
· 
Frequency domain resource assignment: reduce from  to 5-8 bits
· 
The frequency domain assignment for DCI format 1_0 is  bits. The BS channel bandwidth as defined in [5] may range from 11 to 273RBs, corresponding to a frequency domain resource assignment field size roughly ranging from 7 to 16 bits. Since URLLC transmission is typically wideband, DL type 1 resource allocation should be maintained. Nevertheless, the size of the frequency domain resource assignment field can be reduced. For example, the granularity of the allocation can be increased from RB to the RBG levels set by one of the two configurations defined for nominal RBG sizes for DL resource allocation type 0, or a new specific configuration can be devised. 
· Time domain resource assignment: reduce from 4 to 2-3 bits
· The default and configured PDSCH time domain resource allocation tables with a maximum of 16 rows targeted to cover flexible time domain allocations for both PDSCH mapping types, slot offset K0 and valid combinations (S,L) of start and length of allocation given in [6]. For URLLC, slot offset can be implicit and the number of combinations (S,L) can be reduced, since only short time domain allocations are pertinent in an URLLC context.
· VRB-to-PRB mapping – reduce from 1 to 0 bits
· This field may be removed, since there is no need of dynamically switching between interleaved and distributed PRB mapping
· Modulation and coding scheme – reduce from 5 to 3-4 bits
· For URLLC, the MCS index tables can be truncated to the relevant MCS (for example, limit to QPSK and 16QAM with low coding rates)
· New data indicator – keep to 1 bit
· Redundancy version – reduce from 2 to 1 bit
· The number of retransmissions will be limited in URLLC, so the redundancy versions can be limited for example to the self-decodable ones (e.g. RV0, RV3)
· HARQ process number – reduce from 4 to 2 bits
· Can be limited for URLLC fast HARQ
· Downlink assignment index – reduce from 2 to 0 bits
· TPC command for scheduled PUCCH – keep to 2 bits
· PUCCH resource indicator – may be reduced from 4 to 2 bits
· The high flexibility for PUCCH resource choice by combining RRC and DCI indication may be over-dimensioned for URLLC
· PDSCH-to-HARQ_feedback timing indicator – may be reduced from 3 to 0 or 1 bits
· For URLLC, the PDSCH to HARQ timing should be tight to ensure low latency, or may be even fixed.
A similar analysis stands for the fields present in the DCI formats 0_0. The following observations can be made for the fields in DCI format 0_0 not having direct correspondence with the DCI 1_0 fields already discussed here-above:
· Frequency hopping flag – keep to 1 bit
· TPC command for scheduled PUSCH – keep to 2 bits
· UL/SUL indicator – remove
The analysis here-above shows that a reduction of around 14-17 bits can be operated onto the existing fields of DCI formats 0_0 and 0_1 when taking into account the needs of URLLC transmission. Even if some new fields may be proven to be necessary for a compact DCI format for URLLC, it is feasible to obtain a new compact DCI format smaller by at least 10 bits with respect to the sizes of the fallback DCI formats 0_0 and 0_1.

Increasing aggregation levels
Using higher aggregation level improves the coding rate directly resulting in improved PDCCH reliability. Nevertheless, PDCCH blocking probability is also increased, and the case of small BWP may become critical, regardless of the number of OFDM control symbols. 

PDCCH repetitions
PDCCH repetitions is equivalent to extra repetition coding on top of PDCCH FEC coding, which improves the overall coding rate, resulting in increased PDCCH reliability. Depending on the exact repetition scheme, this technique may allow virtually achieving intermediate aggregation levels different from a power of two. Different types of PDCCH repetition schemes were identified, but the impact on latency, blocking and blind decoding, different for each scheme, needs to be carefully assessed.

Increased PDCCH monitoring opportunities
Increasing the PDCCH monitoring opportunities introduces a new degree of flexibility for scheduling opportunities and is beneficial for latency. From a UE point of view, this is translated in increased number of BDs, with a corresponding increase in power consumption and complexity.

Conclusion 
[bookmark: _GoBack]The analysis here-above shows that a reduction of around 14-17 bits can be operated onto the existing fields of DCI formats 0_0 and 0_1 when taking into account the needs of URLLC transmission. Even if some new fields may be proven to be necessary for a compact DCI format for URLLC, it is feasible to obtain a new compact DCI format smaller by at least 10 bits with respect to the sizes of the fallback DCI formats 0_0 and 0_1.
Proposal 1: Support a compact DCI format targeting a reduction of at least 10 bits with respect to DCI format 1_0 and DCI format 0_0.
Proposal 2: The fields in DCI format 1_0 and DCI format 0_0 are the baseline for the design of a compact DCI format.
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