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1 Introduction
In 3GPP RAN1 NR Ad-Hoc meeting, the following agreements have been achieved on NR-PDCCH design for URLLC.
· 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 this paper, the DCI overhead increase due to high reliability requirement of URLLC is provided and three candidate solutions by applying UE blind detection on URLLC transmissions to reduce the DCI overhead are proposed.

2 Discussion
2.1 Motivation
Figure 1 shows the decoding performance of DCI format 1A by Polar code.  Assuming DCI format 1A under the same SNR value, around 40% DCI overhead increase (144/288 coded bits → 200/400 coded bits for aggregation level 2 & 4) is required for URLLC to achieve 10-5 BLER from 10-2 BLER, compared to eMBB.  Considering the utilization of 2-symobl mini-slot with 15KHz subcarrier spacing to achieve the latency requirement, DCI overhead increase could be 880% (40%+6x140%), compared to eMBB in 1ms.  Considering the utilization of 7-symbol slot with 60KHz subcarrier spacing to achieve the latency requirement, DCI overhead increase could be around 40%, compared to eMBB in 0.125ms.
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Figure 1. Decoding performance of DCI format 1A by Polar Code
Observation #1: DCI overhead may increase by 40% or 880% to achieve 10-5 BLER, considering Polar code, if dynamic URLLC transmission in DL is applied.
2.2 DCI-light/free URLLC transmission
To enhance DCI efficiency for URLLC transmissions in DL, one potential solution is to allow UE to obtain partial scheduling information by blindly decoding candidate URLLC transmissions.  Figure 2 illustrates an example, assuming the application of 2-symbol mini-slot to achieve the URLLC latency requirement when 15KHz subcarrier spacing is applied.  In Figure 2, one DCI for each URLLC transmission is required provide full scheduling information for URLLC dynamic scheduling within a slot in (a). In (b), single DCI with the same payload size as the DCI in (a) can be used to provide the scheduling information of 7 candidate URLLC transmissions for a UE blindly detect the actual URLLC transmission within a slot.  In this case, compared to (a), (b) only requires one third DCI overhead though UE blind detection complexity increases.  Since the data amount of an URLLC transmission requiring high reliability is around 32 bytes [1], the required decoding date rate for PDSCH to support (b) is around 1.8Mbps (
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bps), assuming 7 blind detections are needed within a 1ms slot.  For larger URLLC payload size (e.g. 300 bytes), the required decoding rate for PDSCH to support (b) is around 17Mbps (
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bps).  This is far below the peak decoding data rate supported in current commercial LTE products so it’s feasible from UE implementation perspectives.  Compared to (a), (b)’s scheduling flexibility is a bit worse but there won’t be PDSCH spectrum efficiency loss due to poor link adaptation because link quality won’t change much within a slot.
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Figure 2. Comparison of DCI with full or partial scheduling information
Figure 3 illustrates another two solutions to reduce the DCI overhead.  In (c), RRC-layer signalling is used to provide partial scheduling information and UE just performs blind detection on URLLC transmissions every slot after receiving RRC-layer signalling.  However, this method requires URLLC UE to perform blind detection on URLLC transmissions every slot and the UE power consumption for blind detection could be a concern.  To resolve the power consumption issue, in (d), additional DCI, which could consist of 1 bit indication plus 16 CRC bits, is used to indicate to a UE whether blind detection on URLLC transmissions is needed in the current slot and further DCI overhead reduction can be achieved without excessive power consumption for UE blind detection.  Though (c) & (d) provides further DCI overhead reduction, both (c) & (d) impact the scheduling flexibility and PDSCH spectrum efficiency will degrade due to poor link adaptation.
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Figure 3. RRC-layer signalling providing partial scheduling information
Observation #2: DCI-light/free URLLC transmission provides reduced DCI overhead and doesn’t require higher data decoding ability, compared to existing LTE products.
Proposal: NR should support at least one of following mechanisms to enhance DCI efficiency for DL URLLC transmission.
· Option #1: DCI-light URLLC transmission by DCI providing partial scheduling information & UE blind detection on candidate URLLC transmissions

· Option #2: DCI-light URLLC transmission by RRC-layer signalling providing partial scheduling information, DCI enabling UE blind detection in a lot & UE blind detection on candidate URLLC transmissions

· Option #3: DCI-free URLLC transmission by RRC-layer signalling providing partial scheduling information & UE blind detection on candidate URLLC transmissions

3 Conclusion
Observations are summarized as follows.
Observation #1: DCI overhead may increase by 40% or 880% to achieve 10-5 BLER, considering Polar code, if dynamic URLLC transmission in DL is applied.
Observation #2: DCI-light/free URLLC transmission provides reduced DCI overhead and doesn’t require higher data decoding ability, compared to existing LTE products.
Proposals are summarized as follows.
Proposal: NR should support at least one of following mechanisms to enhance DCI efficiency for DL URLLC transmission.

· Option #1: DCI-light URLLC transmission by DCI providing partial scheduling information & UE blind detection on candidate URLLC transmissions

· Option #2: DCI-light URLLC transmission by RRC-layer signalling providing partial scheduling information, DCI enabling UE blind detection in a lot & UE blind detection on candidate URLLC transmissions

· Option #3: DCI-free URLLC transmission by RRC-layer signalling providing partial scheduling information & UE blind detection on candidate URLLC transmissions
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