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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#92 meeting, for the study of the necessity of compact DCI and PDCCH repetition, the link-level simulation assumptions were agreed [1]. In this document, we show the simulation results with the agreed assumptions and discuss the necessity of compact DCI.
Discussion
Link level simulation
We evaluate the BLER performance of compact DCI using the link level simulation. The simulation assumptions used in our evaluation are shown in Annex A. Note that the same DMRS density with same PRB bundling size is applied to the both current DCI and compact DCI.
Figure 1(a) and (b) show the simulation results for TDL-A and TDL-C, respectively. In the figure, the results of "DCI 30 AL8 or 16" and “DCI 40 AL8 or 16” means the result of compact DCI and current DCI (i.e., DCI format 0-0 or format 1-0), respectively. According to the result shown in [2], SINR in 5th percentile DL geometry is -2.6dB. If this -2.6dB is used as the criteria, the results shows that current NR-PDCCH design with AL16 and AL8 can fulfil the URLLC requirement. The gain of compact DCI at 1e-4 or 1e-5 points is 0.5dB.
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　　　　　　　　　　　 (a) TDL-A (30ns)                                                           (b) TDL-C (300ns)
[bookmark: _Ref510011927]Figure 1 Performance of NR-PDCCH

Observation 1: From the link level simulation with same DMRS density with same PRB bundling size, if target geometry is -2.6 dB, current NR-PDCCH design with AL16 and AL8 can fulfill the URLLC requirement. The gain of compact DCI at 1e-4 or 1e-5 points is 0.5dB.

Consideration of compact DCI
Our view is the necessity of compact DCI format cannot be concluded only based on the link level judgement. Following aspects should be at least considered.
· Channel estimation improvement
As possible solution to improve the performance of compact DCI, to increase the DMRS density is possibility. For data case, additional DMRS density can increase approximately 1dB gain according to [3]. The similar gain can be expected for compact DCI especially in the low SNR region like AL16.
· Identification of URLLC
If DCI format 1_0 or 0_0 with C-RNTI is used without any modification, the PDSCH or PUSCH is URLLC purpose or not is impossible to be known by the UE. To have different size is one of the method to identify this PDCCH is URLLC purpose. Other methods could be considered.
· The coverage alignment with the eMBB cell planning
Although this evaluation used SINR = -2.6dB as the criteria, eMBB design intends to support -9.4 dB SINR target as the reason for AL=16 [4]. If only -2.6dB is covered, the whole eMBB coverage is not covered by URLLC reliability. If physically impossible to achieve so, it would be acceptable but trying to have similar coverage with eMBB as much as possible should be target of URLLC design.
· Minimum size of PRB assignment
The PRB assignment with 1RB granularity of type 1 resource allocation used in DCI format 0_0 would be unnecessary for compact DCI for URLLC because cording rate for URLLC data is only lower rate and data size is limited. Therefore, it would be more effective to increase the resource allocation granularity and reduce frequency domain resource assignment size in order to reduce DCI size. We calculated the type 1 resource allocation size in different granularity and show it in Table 1. For example, in case of 20MHz bandwidth, reduced size can be from 2 to 8 bits compare with 1RB granularity.
The granularity of PRB assignment should be determined based on the minimum size of PRB assignment for URLLC data. For example, the coding rate of 40 bits DCI or 30bits DCI with AL16 is 1/30 order. If the similar coding rate is applied to URLLC data, the minimum size of PRB assignment for URLLC data might be roughly estimated considering the minimum TBS size based on the TBS table in [5]. 
[bookmark: _Ref510689829]Table 1 Resource allocation size in different granularity [bit]
	Bandwidth
	1RB granularity
	2RB granularity
	4RB granularity
	8RB granularity
	16RB granularity

	[MHz]
	[RB]
15kHz SCS
	
	
	
	
	

	5
	25
	9
	7
	5
	4
	2

	10
	52
	11
	9
	7
	5
	4

	15
	79
	12
	10
	8
	6
	4

	20
	106
	13
	11
	9
	7
	5

	50
	270
	16
	14
	12
	10
	8



Proposal 1: The necessity of compact DCI is FFS. Channel estimation improvement aspect, identification of URLLC, the coverage alignment with the eMBB cell planning, the minimum size of PRB assignment and so on needs to take into account further. 

Conclusion
In this contribution, we show the simulation results and discuss the necessity of compact DCI. We have the following proposals: 

Observation 1: From the link level simulation with same DMRS density with same PRB bundling size, if target geometry is -2.6 dB, current NR-PDCCH design with AL16 and AL8 can fulfill the URLLC requirement. The gain of compact DCI at 1e-4 or 1e-5 points is 0.5dB.
Proposal 1: The necessity of compact DCI is FFS. Channel estimation improvement aspect, identification of URLLC, the coverage alignment with the eMBB cell planning, the minimum size of PRB assignment and so on needs to take into account further. 
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Annex A
Table 2 gives the link level simulation assumptions used in our evaluation. These assumptions are based on the agreement in RAN1#92 meeting [1]. 
[bookmark: _Ref510000202]Table 2  Link-level simulation assumptions
	Parameters
	Value
	Notes

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

	System bandwidth
	20MHz
	

	Carrier Frequency
	4GHz, 700MHz
	Reported by companies

	Number of symbols for CORESET
	1, 2, 3
	Reported by companies

	CORESET BW (contiguous PRB allocation)
	20MHz, 10MHz 
(optional for PDCCH repetition in frequency)
	

	Subcarrier spacing
	30KHz, other SCS are not precluded
	Reported by companies

	Aggregation level
	Compact DCI study: 8, 16. (1,2,4 are optional)
PDCCH repetition study (40bits): 4, 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-A (delay spread: 30ns)
TDL-C (delay spread: 300ns) 
TDL-B (delay spread 100ns) (optional)
	

	UE speed
	3 km/h
	

	Number of BS antennas
	2Tx
	

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

	Residual target BLER 
	10^-5
	Applied to one-shot tx, 
PDCCH repetition, 
HARQ, and others

	Deployment
	Urban macro as listed in 3GPP 38.802
	

	SINR target
	Compact DCI study: 
5th percentile DL　geometry
PDCCH Repetition study: 
look at link curves directly
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