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Introduction
Ultra reliable and low latency communication (URLLC) is identified as one of the three usage scenarios envisioned for IMT-2020 (“5G”) system. In this contribution, we present our views on the control channel design for URLLC.
Discussion
The evaluation metrics for URLLC was discussed at RAN1#85 including latency, reliability and capacity [1]. As to reliability, the following agreement was reached
· Definition: Reliability is defined as the success probability R of transmitting X bits within L seconds, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface, at a certain channel quality Q (e.g., coverage-edge).
· Denoted as R(L, Q, SE), where SE is the required spectral efficiency and SE=X/L/B where B (in Hz) is the user bandwidth that is allocable to one device.
· The latency bound L includes transmission latency, processing latency, retransmission latency and queuing/scheduling latency (including scheduling request and grant reception if any)
A general reliability requirement for URLLC is 99.999% for X bytes within a user plane latency of 1ms [2]. It should be noted that the robustness of both control channel and data channel have impact on the overall reliability. As a simple example, assuming no retransmission is allowed, the reliability (99.999% within 1ms) requirement can never be met if the associated control channel conveying DL assignment or UL grant is operated at 1% miss detection probability. 
Necessity of control channels for URLLC
Since an error in either the control channel(s) or the data channel will lead to the eventual data transmission failure, one design option is to omit the control channel either partly or completely. For instance, the data can be transmitted in a grant free manner, i.e. without DL assignment or UL grant, while retransmissions can also be done autonomously, i.e. without HARQ feedback. However, such control less design will have some implications to the overall design which will be analyzed in the following sections.
Control channels for DL data transmission
The control channels involved in DL data transmission include DL control channel carrying DL assignment, UL control channel carrying ACK/NACK feedback and CSI reporting as shown in Figure 1. 
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Necessity of DL assignment: The DL assignment carries the scheduling decisions based on which the UE determines whether it is scheduled and how the data channel is transmitted. If the DL assignment is not transmitted, the control information related to data transmission such as resource allocation, modulation and transport block size etc. has to be predetermined. From the UE’s perspective, without DL assignment it has to blindly detect the presence of data transmission where each decoding candidate assumes a certain transport block size and resource allocation. This incurs high UE complexity and large UE power consumption, especially when the URLLC has a short scheduling periodicity. Moreover, the processing delay due to the data channel blind detection is not preferable considering the tight latency requirement of URLLC. 
Observation 1: The DL assignment is needed for URLLC DL transmission considering the UE complexity, power consumption and processing delay due to data channel blind detection.
Necessity of ACK/NACK feedback: The ACK/NACK is used to support HARQ retransmissions. Without ACK/NACK, in order to ensure the 99.999% reliability requirement, either the initial transmission has to be very robust or autonomous retransmission (similar to TTI bundling in LTE) has to be adopted. Both options lead to low resource utilization. On the other hand, UL feedback channel reliability requirement especially the NACK to ACK error rate may be different compared to LTE (refer to analysis in section 2.2.2). Both A/N-based and A/N-less retransmission can be considered for URLLC DL transmission. 
Observation 2: Both A/N-based and A/N-less operation can be considered for URLLC DL transmission.
Necessity of UL CSI reporting: CSI reporting is used to support channel-dependent scheduling and link adaptation. Without CSI reporting, the eNB has to schedule the data in a conservative way which may leads to low resources utilization and low URLLC capacity. Compared to periodic CSI, aperiodic CSI does not fit for the sporadic and small packet traffic in URLLC since it is not feasible to predict the DL packet arrival and the transmission does not last long due to the tight latency requirement.  
Observation 3:  CSI reporting should be studied for URLLC DL transmission considering the sporadic traffic characteristics and latency requirement.
Control channels for UL data transmission
The control channels involved in UL data transmission include the UL control channel carrying Scheduling Request and DL control channel carrying UL grant and ACK/NACK as shown in Figure 2. Note that the dynamic UL scheduling procedure in LTE is assumed in the below analysis.
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Necessity of Scheduling Request: Following the request and grant scheme in LTE, the UE with UL data must send a Scheduling Request and receive a scheduling grant before transmitting the data packet. In order to send a SR it must wait for a SR-valid resource and there is also delay between SR transmission and UL grant reception. 
Necessity of UL grant: When the UE receives the scheduling grant, it starts L1 encoding of the UL data and then transmits the UL data in a predetermined timing later. Hence, there will be scheduling delay between UL grant reception and actual UL data transmission.
In can be observed that the conventional request and grant scheme in LTE does not fit URLLC traffic very well due to the different delay components introduced in each step before UL data transmission. Instead, grant-free based UL URLLC transmission can be considered such that both latency and signaling overhead can be reduced. More detailed discussions on grant-free based transmission can be found in [3].
Observation 4: The scheduling request and UL grant are not needed for URLLC UL transmission if grant-free based scheme is adopted.
Necessity of ACK/NACK feedback: Similar as the discussion for DL, the ACK/NACK is used to support HARQ retransmissions and the resource utilization can be improved if HARQ retransmission is supported. On the other hand, A/N-less operation can also be considered where the number of retransmissions can be updated on a long-term basis [3].
Observation 5: Both A/N-based and A/N-less operation can be considered for URLLC UL transmission.
Control channel reliability requirement
As indicated in section 2.1, the DL control channel carrying DL assignment is well motivated for URLLC DL transmissions while the control channel carrying ACK/NACK feedback can be considered for both DL and UL. In this section, the reliability requirement for these control channels are provided.
Control channel carrying DL assignment 
The error probability of the initial DL transmission can be calculated as follows

where  and  are the error probability for the DL control channel and DL data channel respectively.
For simplicity, the initial transmission and retransmission(s) are assumed to be independent, the error probability after N transmissions can be calculated as follows

Assuming the DL control channel has one order higher reliability requirement than the DL data channel, the reliability requirement can calculated as follows
· 1 transmission: , , 
· 2 transmissions: , , 
· 3 transmissions: , , 
· 4 transmissions: , , 
[bookmark: _GoBack]It can be seen that the DL control channel reliability requirement depends on the number of possible transmissions within the latency bound, which is essentially determined by the scheduling interval and interval between initial transmission and retransmission.
Observation 6: The DL control channel reliability requirement depends on the number of possible transmissions within the latency bound, which is determined by the scheduling interval and interval between initial transmission and retransmission.
Observation 7: With a limited number of possible transmissions, the DL control channel reliability needs to be increased compared to LTE requirement (1%). 
Control channel carrying ACK/NACK feedback
There are two different kinds of ACK/NACK errors: ACK missed detection and NACK to ACK error. The ACK missed detection results in unnecessary data retransmissions and has limited impact to reliability. On the other hand, when NACK to ACK error happens, this can only be detected at RLC layer and RLC retransmission usually incurs a delay of tens of milliseconds [4]. Even if the scheduling interval can be reduced at physical layer in NR, the delay may still be unacceptable. In LTE, the NACK to ACK error requirement is 0.1%. For URLLC, the NACK to ACK error should be studied further in order to guarantee the overall reliability requirement.
Observation 8: The NACK to ACK error for control channel carrying HARQ-ACK feedback should be studied for URLLC in order to guarantee the overall reliability requirement.  
Considerations on DCI format design
To improve the DL control channel reliability, the following potential aspects can be considered
· Reduce the DCI payload size
· Allocate more time-frequency resources 
· Exploit the multi-path diversity, e.g. spatial/frequency/TRP/Carrier
For URLLC, it is preferable to allocate a larger bandwidth to each UE so that each packet can be delivered as soon as possible. This is also beneficial to achieve the high reliability requirement with low code rate transmissions. Besides, the typical packet size for URLLC traffic is generally smaller than eMBB. Hence it is possible to define a limited set of transport block sizes for URLLC. 
Based on the above analysis, a compact DCI format can be considered targeting URLLC use case where only limited scheduling information is conveyed, e.g. limited TB sizes and BW allocation.
Proposal 1: A compact DCI format can be considered targeting URLLC where only limited scheduling information is conveyed.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
In this contribution, we provide our view on the control channel design aspects for URLLC and have the following observation and proposals
Observation 1: The DL assignment is needed for URLLC DL transmission considering the UE complexity, power consumption and processing delay due to data channel blind detection.
Observation 2: Both A/N-based and A/N-less operation can be considered for URLLC DL transmission.
Observation 3:  CSI reporting should be studied for URLLC DL transmission considering the sporadic traffic characteristics and latency requirement.
Observation 4: The scheduling request and UL grant are not needed for URLLC UL transmission if grant-free based scheme is adopted.
Observation 5: Both A/N-based and A/N-less operation can be considered for URLLC UL transmission.
Observation 6: The DL control channel reliability requirement depends on the number of possible transmissions within the latency bound, which is determined by the scheduling interval and interval between initial transmission and retransmission.
Observation 7: With a limited number of possible transmissions, the DL control channel reliability needs to be increased compared to LTE requirement (1%). 
Observation 8: The NACK to ACK error for control channel carrying HARQ-ACK feedback should be studied for URLLC in order to guarantee the overall reliability requirement.  
Proposal 1: A compact DCI format can be considered targeting URLLC where only limited scheduling information is conveyed.
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