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1. Introduction
In RAN#75 meeting, one of the specification objective is shown as following [1]:
· Support of ultra-reliable part of URLLC [RAN1, RAN2, RAN4]
· Identify techniques to meet the URLLC requirements set forth by [TR38.913] starting after RAN#76 
· Conduct corresponding URLLC specific normative work after RAN#78 for the selected techniques
In RAN1 NR Ad-Hoc January meeting, the following agreements were made for reliability of DL control channel [2]:
Agreements:
· To ensure the reliability requirement of NR-PDCCH for URLLC, at least the following aspects should be supported
· Defining a compact DCI format targeting low BLER operation 
· The highest aggregation level should target a BLER of Y for this compact DCI format
· FFS Y, Y<1% 
· FFS highest aggregation levels, e.g., 16, 32
· FFS other enhancements
In addition, in RAN1#88bis, following agreements were made for symbol-based DL control channel monitoring [3] which can be used for URLLC transmission.
Agreements:
· UE can be configured to “monitor DL control channel” in terms of slot or OFDM symbol with respect to the numerology of the DL control channel
· Specification supports occasion of “DL control channel monitoring” per 1 symbol with respect to the numerology of the DL control channel
· Note: This may not be applied to all type of the UEs and/or use-cases
· FFS whether or not total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per symbol can exceed the total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per slot
In this contribution, we will discuss DL control channel design for URLLC including the necessary target requirement and potential solutions. The discussion on UL control channel design for URLLC and scheduling/HARQ procedure for URLLC are presented in our companion contributions [4] – [5]. 
2. Discussion
2.1. The necessary target requirement for URLLC DL control channel
The requirement for URLLC is set in [6]. For reliability, the target is 99.999% with a User Plane latency of 1ms with the packet size of 32 bytes; for latency, the target is 0.5ms for both DL and UL end-to-end transmission.
It was agreed at the NR Ad-Hoc January meeting that a compact DCI format targeting low BLER operation should be defined. However, the target low BLER of Y where Y<1% has not been decided yet. The target BLER of PDCCH for URLLC should be determined such that it can meet the requirement for URLLC; a packet with 32 bytes is received with the reliability of 10-5 within 1ms. Depending on the scheduling/HARQ mechanism, the target requirement on PDCCH for URLLC could be different. For example, if the requirement is met without relying on HARQ combining, the requirement is Pc + (1Pc)*Pd =< 10-5, where Pc and Pd denote the miss-detection probability of PDCCH and BLER of the data, respectively. For example, the requirement can be met with Pc = 0.5*10-5 and Pd = 0.5*10-5, or when Pc = 0.2*10-5 and Pd = 0.8*10-5, etc. Note that here, sufficient length of CRC is assumed on control and data; e.g., CRC of 24 bits can ensure the false-alarm probability of less than 0.01*10-5, which could be considered as negligible relative to the requirement. If the requirement is met with relying on HARQ combining, reliability of 10-5 should be met after the HARQ re-transmission and combining. In such case, the set of {Pc, Pd} can be higher with the aid of HARQ re-transmission/combining. For example, assuming the set of PDCCH and the scheduled data are transmitted twice, even without HARQ combining (i.e., just transmitted and received twice), the error probability after the re-transmission is (Pc + (1Pc)*Pd)2 assuming no correlation between the two transmissions. In this case, for example, Pc = 1*10-3 and Pd = 2*10-3 can meet the requirement of 10-5. However, if the re-transmission is based on the HARQ-ACK feedback, reliability of HARQ-ACK feedback should be taken into account as an additional factor [4].
We consider that for URLLC, HARQ operation is necessary, not only to relax the BLER requirement of control and data, but also to realize higher spectral efficiency. For example, if the successful reception of initial transmission of URLLC packet is 1%, with the 99% probability, the URLLC packet can be correctly received at the initial transmission; in this case, the remaining time/resource can be used for other purposes assuming HARQ-ACK feedback is available with sufficiently high reliability. Spectral efficiency of URLLC is an important factor especially for the scenario where the carrier is highly loaded or the carrier is shared between eMBB and URLLC. Nevertheless, for identifying target reliability of DL control channel for URLLC, the reliability of around/less than 10-5 would be feasible, since this enables to meet the URLLC requirement by one-shot transmission without HARQ-ACK feedback and re-transmission, resulting in relaxing gNB/UE processing time, coverage/reliability of HARQ-ACK feedback, etc, for a given delay budget. 
Proposal 1: 
· HARQ operation (both feedback and re-transmission) is supported for URLLC ultra-reliability services.
· The target reliability of DL control channel for URLLC data should be BLER of around/less than 10-5.

The URLLC has no ultra-high reliability requirement for UE-common operation. Indeed, it can be considered that initial-access, broadcast, and UE-common aspects, can be the re-use of non-reliability services, i.e., eMBB. If this is the case, it can be considered that such extremely high reliability is required only for UE-specific DL control signalling transmitted in the UE specific search space (SS) (not in the common search space). For UE-common control channel, e.g., DCI transmitted in the common SS (C-SS), the reliability could be the same as for eMBB.
Proposal 2: 
· Focus on UE-specific operation for ultra-high reliability.

2.2. Possible solutions to realize the requirements for URLLC
Generally, the DL control channel design for URLLC should be based on the design for eMBB while some enhancements are necessary to meet the latency and reliability requirements for URLLC. Necessary enhancements could be slightly different for low latency and high reliability. 
To achieve low latency, following enhancements can be considered: 
· Short PDCCH duration
· Further shortening of PDCCH by using higher subcarrier spacing
· Fast/pipeline processing
· Front-loaded RS to enable early channel estimation
· On control channel,
· Both PDCCH-to-CCE mapping and CCE-to-REG mapping are frequency first and time second 
· Hierarchical structure
· Efficiency improvement
· FDM between PDCCH and PDSCH 
· Scheduling opportunity improvement 
· Blind decoding at every OFDM symbol
To achieve highly reliability, following design aspects can be considered:
· Higher aggregation level(s)
· AL=16 or 32
· DCI payload compression.
· Further coarse resource allocation in frequency-domain.
· No/coarse indication for resource allocation in time-domain.
· No/less MIMO spatial-domain related indication.
· Longer CRC
· CRC of 16 bits cannot realize false-alarm detection probability of < 10-5
· Spatial-domain diversity
· BS Tx diversity (more than 2 Tx antennas)
· UE Rx diversity (more than 2 Rx antennas)
· TRP diversity (more than 2 TRPs (this is like CoMP))

In addition to above, whether to allow the search space/CORSET sharing between eMBB and URLLC at the first symbol(s) within a slot needs to be discussed. If sharing is allowed, it can be expected that the control channel for eMBB is over designed to satisfy the URLLC performance or the URLLC performance is degraded. Therefore, it is straightforward and simple to support separate SS/CORESET between eMBB and URLLC.
3. Conclusion
In this contribution, we discuss the DL control channel design for URLLC service. Our proposals are summarized as below. 
Proposal 1: 
· HARQ operation (both feedback and re-transmission) is supported for URLLC ultra-reliability services.
· The target reliability of DL control channel for URLLC data should be BLER of around/less than 10-5.
Proposal 2: 
· Focus on UE-specific operation for ultra-high reliability.
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