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Introduction

The performance requirement of URLLC has been captured in [1], which is cited as following:

Latency requirement: For URLLC, the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL. Furthermore, if possible, the latency should also be low enough to support the use of the next generation access technologies as a wireless transport technology that can be used within the next generation access architecture. 

Reliability requirement: A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms.
In order to achieve the design target for URLLC, the PDCCH associated with URLLC should be carefully considered. At RAN#78, the scope for URLLC work in Rel-15 was endorsed in [2] and the following was agreed to be included:

Study and specify if gains are identified 

Define a new DCI format(s) that has a smaller DCI payload size than DCI format 0-0 and DCI format 1-0 unicast data 

For a given carrier, PDCCH repetitions over same or multiple PDCCH monitoring occasion(s) of the same or multiple CORESET and search space

At the last meeting, the link level simulation assumptions on compact DCI and PDCCH repetition were agreed.[3] In this contribution, we provide our evaluation results based on the agreed simulation assumptions and views on the URLLC PDCCH focusing on the necessity of introducing a compact DCI format.

Discussion
As described in TR38.913, URLLC design target includes very critical requirements on latency and reliability. It is clear that the reliability depends on both control channel and data channel, i.e.  Pr = (1-Ec)*(1-Ed) if HARQ is not considered, where Pr is the probability of successful transmission, Ec is the PDCCH BLER and Ed is the PDSCH BLER. On the other hand, retransmission may be necessary if error occurs which increases the delay in turn. Obviously, the reliability of PDCCH is also a key factor if we want to realize the design target for URLLC.

It is straightforward that a lower effective coding rate could be achieved for the same aggregation level if a DCI payload size smaller than DCI format 0_0 and DCI format 1_0 is introduced. In this contribution, we give our evaluation results in order to investigate how much gain we can obtain from introducing a very compact DCI for URLLC. The following simulation assumptions are assumed:

DCI payload size is 30bits and 40bits without CRC

Polar code is adopted and CRC is 24bits

Aggregation level 8 and 16 are both simulated

TDL-C with delay spread = 300ns

CORESET consists of 1 OFDM symbol and REG bundle size is 6, wherein distributed mapping is applied.

nTX=2, nRX = 2

Further details could be found in the appendix. As shown in the evaluation results below, improvements in BLER performance by reducing payload size could be observed, where it is shown that an additional 10 bits in DCI could introduce about 1 dB performance loss at 0.001% BLER when aggregation level is 16. Furthermore, from the geometry simulation results shown in the appendix, we can get the 5 percentile point is around -2.89dB. From this point of view, compact DCI with large aggregation level, e.g. 16, could achieve the requirement of reliability for URLLC at this target SNR. 
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Figure 1: PDCCH BLER, AL16, 15 kHz SCS, DCI format size: 30&40 bits, TDL-C, 300ns.
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Figure 1: PDCCH BLER, AL8, 15 kHz SCS, DCI format size: 30&40 bits, TDL-C, 300ns.
In the following table, we take the DCI format 1_0 as an example. Some bit fields included in the current DCI formats 1_0 and 0_0 could be further optimized or completely removed as they are either not needed for URLLC or reduced functionality is sufficient. For example, a much coarser resource allocation may be sufficient for URLLC and a smaller MCS range can be considered. How much performance gain could be achieved by reducing bit fields to get a compact DCI depends on how many bits are necessary for URLLC scheduling. Based on the evaluation results shown below, at most 1 dB performance increment could be obtained if we can reduce 10 bits for the URLLC DCI compared to current DCI format 1_0 in the special case. 

	Bit fields of fallback DCI
	Bit length for each bit field
	Potential reduction

	Identifier for DCI formats 
	1bit
	

	Frequency domain resource assignment 
	[
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] bits
	Yes

	Time domain resource assignment 
	4 bits 
	

	VRB-to-PRB mapping 
	1 bit
	Yes

	Modulation and coding scheme 
	5 bits 
	Yes

	New data indicator 
	1 bit
	

	Redundancy version
	2 bit
	

	HARQ process number
	4 bits
	Yes

	Downlink assignment index
	2 bits
	

	TPC command for scheduled PUCCH
	[2] bit
	

	PUCCH resource indicator 
	[2] bit
	Yes

	PDSCH-to-HARQ_feedback timing indicator 
	[3] bits
	Yes

	Total bits
	27+frequency domain RA
	


Proposal: Very compact DCI for URLLC could bring benefits at least from the perspective of BLER if decades of bits could be reduced compared to DCI format 0_0 and DCI format 1_0. Further study is necessary to determine the DCI content for URLLC.
Conclusion
This contribution discussed the necessity of compact DCI format for NR URLLC and analyzed the possible impact on blind decoding, and the following proposals is proposed.

Proposal: Very compact DCI for URLLC could bring benefits at least from the perspective of BLER if decades of bits could be reduced compared to DCI format 0-0 and DCI format 1-0. Further study is necessary to determine the detail DCI content for URLLC.
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Appendix
Table5-1: The link level simulation assumptions for compact DCI

	Parameters
	Value

	DCI payload (excluding 24bits CRC)
	40bits, 30bits 

	System bandwidth
	20MHz

	Carrier Frequency
	700MHz

	Number of symbols for CORESET
	1

	CORESET BW (contiguous PRB allocation)
	20MHz

	Subcarrier spacing
	15KHz

	Aggregation level
	8, 16

	Transmission type
	Interleaved

	REG bundling size
	6

	Modulation 
	QPSK

	Channel coding
	Polar code (DCI)

	Transmission scheme
	1-port precoder cycling

	Channel estimation
	Realistic

	Channel model
	TDL-C (delay spread: 300ns) 

	UE speed
	3 km/h

	Number of BS antennas
	2Tx

	Number of UE antennas
	2Rx 

	Residual target BLER 
	10^-5

	Deployment
	Urban macro as listed in 3GPP 38.802

	SINR target
	Compact DCI study: 5th percentile DL geometry


Table5-2: The system level simulation assumptions for geometry

	Parameters
	Urban Macro



	Layout
	Single layer
Macro layer: Hexagonal Grid

	Inter-BS distance 
	500 m

	Carrier frequency 
	700MHz

	Aggregated system bandwidth
	4 GHz: Up to 200 MHz (DL+UL)

	Simulation bandwidth
	20 MHz 

	Channel model
	36.873 3D UMa

	BS Tx power
	46 dBm per 20 MHz

	UE Tx power 
	23 dBm

	BS antenna configurations
	2Tx

	BS antenna height 
	25 m

	BS antenna element gain + connector loss
	See 38.802, table A.2.1-4.

	BS receiver noise figure
	Below 6 GHz: 5 dB

	UE antenna configurations
	2Rx See 38.802, table A.2.1-4.

	UE antenna height
	Follow the modelling of TR 36.873

	UE antenna gain
	Follow the modelling of TR 36.873

	UE receiver noise figure
	9 dB

	Traffic model
	Unidirectional and bidirectional (DL or UL).
URLLC: Both FTP Model 3 (with Poisson arrival) and periodic packet arrivals with packet size 32, 50, 200 bytes.
eMBB: Option 1: Full buffer, Option 2: FTP model 3 with packet size, 0.1Mbytes and 0.5Mbytes

	Traffic load (Resource utilization)
	URLLC: Packet arrival to achieve URLLC capacity
eMBB: For FTP Model 3, arrival rate is selected to achieve RU of [20, 50] % for the case of no multiplexing with URLLC

	UE distribution
	Follow Urban Macro user distribution for both URLLC and eMBB UEs
20% Outdoor in cars: 30 km/h,
80% Indoor: 3 km/h
URLLC: 10 UE/sector
eMBB: 0/10 UE/sector

Option 1 (DL only)
Load only center 1 sector with 10 URLLCC and 0/10 eMBB

Load other 56 sectors with 1 eMBB

1 eMBB UE in the other 56 sectors is of the same traffic model as the eMBB UEs in the center sector

Option 2
Load all sectors with 10 URLLCC and 0/10 eMBB
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Figure5-1: Geometry for urban macro scenario listed in TS38.802
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