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1 Introduction
[bookmark: _Hlk505938201]In the RAN#78, the scope for URLLC work for Rel-15 is endorsed and the following is 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
In previous RAN1 Ad-hoc meeting, the following agreements have been made:
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 RAN1 #92 meeting, it was agreed that further study is needed to decide whether or not compact DCI and PDCCH repetition should be specified in NR. And RAN1 #92bis meeting drew a conclusion that there is no consensus in Rel-15 to support compact DCI. Therefore, in this contribution, we will further discuss the necessity for compact DCI via link level simulations.
2 Discussion on the necessity for compact DCI
Based on the agreed simulation assumptions in RAN1 #92 meeting, we perform link level simulations to study the performance of fallback DCI of 40 bits payload size with 24 bits CRC under 4GHz/700MHz TDL-A/C channels. Simulation results are shown as Figure 1. More detailed simulation parameters are listed in Appendix. From Figure.1 we summarise the SNR values at 10-5 BLER for different cases in Table 1. Furthermore, it was agreed to use 5th percentile of DL geometry as the metric for a cell-edge UE. Following IMT-2020 evaluation methodology in typical UMa scenario, the DL geometry for 4GHz/700MHz under Channel Model A/B is shown in Figure.2 and the 5th percentile DL geometry is summarized in Table 2.
Table 1: SNR values at 10-5 BLER
	40bits payload size+24bits CRC
	4GHz
	700MHz

	TDL-C DS =300ns
	-7.7dB
	-4.5dB

	TDL-A DS =30ns
	-6.8dB
	-2.3dB
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Figure 1: PDCCH performance with AL=16 (40bits payload size +24 bits CRC)
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Figure 2: Downlink geometry for URLLC urban macro scenario
Table 2: 5th percentile DL geometry
	Urban Macro
	4GHz
	700MHz

	Channel Model A
	-2.39dB
	-2.2dB

	Channel Model B
	-2.24dB
	-2.14dB



[bookmark: _Hlk513729283]From the above simulation results we can conclude that, with AL=16, 10-5 BLER target can be satisfied at 5th percentile DL geometry for all cases except that 700MHz with TDL-A 30ns probably have some challenges, since that the 5th percentile DL geometry and 10-5 BLER target are very close in this case. Moreover, sometimes AL=16 may be unavailable for BL UEs (20MHz bandwidth, 60kHz SCS case), hence AL=8 would be used and 10-5 BLER target may not be achieved at cell edge. Therefore, some enhancements for PDCCH seems to be needed. 
[bookmark: _GoBack]Figure. 3 shows the performance gain via compact DCI with 54bits and 48bits payload size under TDL-C channel. The SNR gains comparing to normal fallback DCI size of 64 bits are summarised in Table 3. From the simulation results we can see that around 1dB performance gain can be derived via compact DCI with 16 bits reduction of payload size and smaller gain with less payload size reduction.
However, compact DCI is not the only solution. Considering that if compact DCI is used, size for some information fields would be reduced. On condition that the resource allocation field or MCS field is reduced to a smaller size, scheduling flexibility will be limited, resulting in lower spectral efficiency. Moreover, compact DCI may introduce a new DCI format which have serious impact on PDCCH blind decoding and need significant standard effort. Therefore, it needs further study on the alternatives for PDCCH enhancements, including compact DCI, PDCCH repetition and so on. More evaluations on compact DCI and PDCCH repetition are shown in our companion contribution R1-1806362.



Figure 3: Performance gain via compact DCI

Table 3: Summary of SNR gain of compact DCI
	SNR gain comparing to fallback DCI (dB)
	4GHz
	700MHz

	
	54bits 
	48 bits
	54bits 
	48 bits

	
	~0.7dB
	~1.2dB
	~0.4dB
	~1dB



Observation 1: 10-5 BLER target can be well satisfied at 5th percentile DL geometry with AL=16 except for 700MHz with TDL-A 30ns case.
Proposal 1: Alternatives for PDCCH enhancements need to be further studied.
3 Conclusion
In this contribution, we discussed the necessity for compact DCI via link level simulations and the following observation/proposal are made:
Observation 1: 10-5 BLER target can be well satisfied at 5th percentile DL geometry with AL=16 except for 700MHz with TDL-A 30ns case.
Proposal 1: Alternatives for PDCCH enhancements need to be further studied.
Appendix:
	Parameters
	Value

	DCI payload (excluding 24bits CRC)
	40bits

	System bandwidth
	20MHz

	Carrier Frequency
	4GHz, 700MHz

	Number of symbols for CORESET
	2

	CORESET BW (contiguous PRB allocation)
	20MHz

	Subcarrier spacing
	30KHz

	Aggregation level
	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-A (delay spread: 30ns)
TDL-C (delay spread: 300ns) 

	UE speed
	3 km/h

	Number of BS antennas
	2Tx

	Number of UE antennas
	4Rx for 4G, 2Rx for 700MHz

	Residual target BLER 
	10^-5

	Deployment
	Urban macro as listed in 3GPP 38.802

	SINR target
	Compact DCI study: 5th percentile DL geometry
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