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1. Introduction
URLLC (Ultra-Reliable and Low Latency Communications) is one of the usage scenarios defined in NR study. The main design targets of URLLC include 

· Reliability: A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for X bytes (e.g., 20 bytes) with a user plane latency of 1ms.
· Latency: For URLLC the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL.
At RAN1#86bis meeting, the following agreements were achieved regarding the URLLC transmission [1]. In this contribution we discuss the necessity and design considerations of URLLC control channel.
	Agreements:
· From network perspective, multiplexing of transmissions with different latency and/or reliability requirements for eMBB/URLLC in DL is supported by  

· Using the same sub-carrier spacing with the same CP overhead

· FFS: different CP overhead
· Using different sub-carrier spacing 

· FFS: CP overhead
· NR supports both approaches by specification
· NR should support dynamic resource sharing between different latency and/or reliability requirements for eMBB/URLLC in DL 
· 


2. Discussions
Necessity of Control Channel
Data transmission via scheduling by control channel has the flexibility of dynamically indicating the resource allocations, proper MCS and TBS and so on. Without the scheduling information conveyed in the control channel, the data transmission parameters such as resource allocation, MCS and TBS have to be predefined, which limits the flexibility of URLLC transmission and scheduling. In DL transmissions, the URLLC UE has to blindly detect the presence of data transmissions, which increases the burden at UE side, and affects the processing delay. This is not preferred at least from the latency and UE power consumption perspective. 
Considering the latency requirement, it is natural to multiplex the downlink control and data transmissions in a TDM manner, such that the data decoding can start immediately without additional latency caused from control channel decoding. 

The scheduling based UL transmission may be slightly different from that of DL case. In UL transmission, the UE may not be able to immediately transmit UL data after receiving a scheduling grant. The whole latency is affected by the actual range of scheduling delay between the UL grant reception and UL data transmission. Therefore, at least from the latency perspective, further study is necessary regarding the scheduling based URLLC transmission in UL.
Observation 1: Scheduling based URLLC DL transmission is beneficial in terms of scheduling flexibility, UE power consumption, and processing latency. 

Proposal 1: Support scheduling based URLLC transmission at least in DL.
Design Considerations
Due to the very high reliability requirements of URLLC services, the control channel reliability needs to be improved compared to the LTE requirement (1%). Some aspects can be taken into account to improve the reliability of URLLC control transmission. For example, the CCE aggregation levels for URLLC DCI can be higher than that of eMBB and others. Assuming the CCE aggregation levels of 1, 2, 4 and 8 used in LTE as a baseline, higher aggregation level of 16 and 32 can be further considered for URLLC. To support higher aggregation levels, it is obvious that sufficient number of CCEs should be guaranteed. In addition, power boosting and other diversity based transmission schemes can be considered for URLLC control transmission.
Compared to the eMBB case, the DCI for URLLC transmission can be more compact to improve the robustness.  Since the URLLC packet size may be generally smaller than the eMBB case, the supported range of MCS and TBS can be limited to reduce the DCI size. The resource allocation types and granularity in the frequency domain can be limited as well. The compact DCI design can be similar as the DCI 1C used in LTE. 
With tight latency requirement of URLLC services, it is expected that the corresponding control channel needs to be transmitted in a frequent manner, which consequently increases of the processing burden of UEs. Form UE power consumption point of view, the UE blind decoding attempts should be kept in a reasonable level. On top of guaranteed reliability, one may think to limit the number of blind decoding attempts and aggregation levels.  
Proposal 2: Study the reliability enhancement approaches in URLLC control channel design.
3. Conclusions
In this contribution, the design considerations of URLLC control channel were discussed. In summary, the observations and proposals are as follows:
Observation 1: Scheduling based URLLC DL transmission is beneficial in terms of scheduling flexibility, UE power consumption, and processing latency. 

Proposal 1: Support scheduling based URLLC transmission at least in DL.
Proposal 2: Study the reliability enhancement approaches in URLLC control channel design.
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