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1 Introduction

A work item on Ultra Reliable Low Latency Communication for LTE [1] was approved in RAN#76 that describes why LTE technology evolution serves use cases of URLLC with satisfying URLLC requirements which was defined ITU IMT-2020 and how to carry out this features with proposed plans (phase 1 and phase 2). In the RAN1#90bis meeting, the following agreements related to targeted reliability and latency requirements have been achieved [2]
Agreement
URLLC for LTE should target the requirement defined by ITU, i.e., 10-5 error probability in transmitting a layer 2 PDU of 32 bytes within 1 ms. Additional less stringent requirements can be considered.

Agreement
In addition to (10-5, 1ms, 32 bytes packet), URLLC for LTE should target the requirement of 10-4 error probability in transmitting a layer 2 PDU of 32 bytes within 10 ms.

In this contribution, potential techniques for DL control channel are discussed to meet above reliability and latency requirements. 
2 
Discussions 
In the email discussion [91-LTE-10] [3], several potential techniques were identified:

· Reduced DCI size / compact DCI

· Use more resources / CCEs

· Increased diversity including spatial/temporal/frequency domain

· Issue of false alarm

· Scheduling DCI enhancements for blind/HARQ-less repetition (will be discussed in PDSCH session)
Compact DCI
Reducing several bits in DCI can help to improve the performance of PDCCH detection, that is, improve the reliability of PDCCH, under a given channel condition and certain PDCCH configuration. Since the reliability of PDSCH/PUSCH also needs to be improved, high order of modulation is not expected to be configured. Therefore, MCS field can be reduced. Some other field in DCI can be considered to be removed.  
Proposal #1: Compact DCI can be introduced at least reducing payload of MCS indication.
Larger aggregation level 

Aggregating more resource in time and/or frequency can improve the PDCCH detecting performance. However, repetition in time domain may lead to long latency, which is not preferred. However, small level of repetitions can be considered if the latency is extended too much. Aggregating more resource in frequency domain is can be further studied. However, it may require more change on both UE and eNB side if using hashing function to support AL =16. Another method is repeat DCI in frequency domain, which is simpler to be implemented and is expected to provide similar gain compared with AL = 16. 
Proposal #2: Repetition in time and/or frequency domain can be considered.  No support of AL 16 with hashing function. 
Increased  diversity 

As analysis before, repetition/aggregating more resource in time/frequency domain can improve performance. Repetition can be transmitted in different frequency resource (frequency hopping/ more distributed frequency domain resource), which can easily bring in diversity gain. However, to obtain the frequency diversity with frequency hopping across multiple carriers may be too complicated. 
Proposal #3: Frequency domain diversity can be further studied. 

Issue of false alarm
False alarm rate can be calculated as M*2^N, where M is the number of PDCCH candidates and N is length of CRC or pre-known bit in DCI. Increasing CRC length is the most straightforward way to reduce false alarm. However, this will increase the payload of DCI and has negative impact on the reliability. On the other hand, if some bits in DCI are pre-known to UE, it can also help to reduce false alarm. Especially for PDCCH trigger a retransmission, many fields are pre-known to UE. Therefore, study the gap to the requirement of false alarm to the design target after the compact DCI is more mature.
Proposal #4: Further study on the false alarm when compact DCI design is mature. 
3 Conclusions
In this contribution, possible URLLC techniques for DL control channel were discussed. Based on discussion, following proposals are summarized as below.

Proposal #1: Compact DCI can be introduced at least reducing payload of MCS indication.

Proposal #2: Repetition in time and/or frequency domain can be considered.  No support of AL 16 with hashing function. 
Proposal #3: Frequency domain diversity can be further studied. 

Proposal #4: Further study on the false alarm when compact DCI design is mature. 
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