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Introduction
In RAN1 meeting #92 [1], it was agreed to study the necessity of compact DCI and PDCCH repetition. Also, the link-level simulation assumptions for this study were agreed as shown in Appendix A. 
In this contribution, we provide our view on the fields of the DCI compact followed by simulation results based on the agreed simulation assumptions.
Contents of Compact DCI
The contents of DCI format 0_0 and 0_1 are specified in [2]. These two DCI formats are designed for the eMBB use case. The KPI of the URLLC use case is different from that of the eMBB use case [3]. Hence, it is desirable to study the DCI format for URLLC. Specifically, some fields in DCI format 0_0 and 0_1 may not fit for the URLLC use case. The reduction of DCI payloads for URLLC implies a lower effective code rate. This results in more reliable transmissions of DCI, and subsequently, more reliable transmissions of URLLC data. The reliable transmissions of DCI are essential to achieve the reliability target of  for URLLC. 
Among the fields of DCI format 0_0 and 0_1, we think the following fields could be reduced:
1. Frequency domain resource assignment

The “Frequency domain resource assignment” field in DCI formats 0_0 and 0_1 contains bits, where  is the number of available PRBs in the UL or DL BWP. This field could be as large as 16 bits when  is equal to 275. The resource indication value of resource allocation type 1 is based on the fine granularity of 1 PRB. For URLLC, the resource allocation granularity could be increased from 1 PRB to several PRBs. This reduces the size of the “Frequency domain resource assignment” field in the compact DCI. For example, if the granularity is increased to 8 PRBs, then the size of this field is as large as 10 bits.
2. Modulation and coding schemes
The high reliability requirements of URLLC imply that high code rates and high modulation orders may not fit for URLLC data transmissions. It was agreed [1] that 256 QAM is not supported for the new CQI and MCS tables for URLLC. Further reduction on modulation order and code rate for URLLC MCS table is under discussion.
The low latency requirements of URLLC suggest the number of retransmissions is limited. This further requests the high reliability of each single transmission. Therefore, a URLLC MCS table may only focus on the region of low code rates and low modulation orders.
In our companion contribution [4], we propose the designs of URLLC CQI and MCS tables, which may only contain 16 or 8 entries. In other words, 4 or 3 bits are enough for the MCS field in the compact DCI for URLLC.
3. HARQ process number
Up to 16 HARQ processes is supported for the eMBB use case. Accordingly, the “HARQ process number” field in DCI formats 0_0 and 0_1 has 4 bits. Due to the low latency requirements of URLLC and fast HARQ round trip time in NR, the whole 16 HARQ processes may not be necessary for the URLLC use case. It is expected that URLLC may only support 4 HARQ processes, and hence, the HARQ process number field in the compact DCI for URLLC may only have 2 bits.
4. Redundancy version
Due to the low latency requirements of URLLC, the number of retransmissions may be limited. It is feasible to limit the redundancy versions to (RV0, RV3) or (RV0, RV2). Then only 1 bit is needed to indicate the redundancy version.

Besides the above fields, we may further examine other fields in DCI formats 0_0 or 1_0 for potential payload reduction in the compact DCI for URLLC. For example, the “Downlink assignment index” field in DCI format 1_0 may be omitted in the compact DCI if the HARQ-ACK feedback multiplex is not supported in URLLC. The “PDSCH-to-HARQ_feedback timing indictor” field in DCI format 1_0 may be reduced in the compact DCI since the low latency requirements of URLLC may restrict this timing value to a smaller set. Based on the above analysis, at least 10 bits could be saved in the compact DCI from DCI formats 0_0 or 1_0. 
Observation 1: At least 10 bits could be saved in the compact DCI from DCI formats 0_0 or 1_0.
In the next section, we provide simulation results of the BLER performance improvement of the compact DCI.
Simulation Results 
For URLLC applications, compact DCI can be used to increase reliability and coverage of downlink control channel by lowering the coding rate. In this section, we provide simulation results for compact DCI assuming 1-symbol and 2-symbol CORESETs. Using the agreed bandwidth assumptions for the simulation (i.e., 20MHz), the size of the CORESETs is assumed to be 48 RBs for the case of 30 KHz subcarrier spacing. Also, in all simulations, the channel is assumed to be TDL-A (delay spread: 30ns) with UE speed of 3 km/h and 1 million TTIs are tested. The reason to focus on this channel model which is not highly frequency selective is that this channel is the most challenging environment for achieving the reliability requirement of the URLLC (due to the lack of frequency diversity).
[bookmark: _Hlk510693784]Figure 1 shows the performance of PDCCH with various DCI sizes for the aggregation level of 8, and carrier frequency of 4GHz for a 1-symbol CORESET. Figure 2 shows the same comparison for the case of aggregation level of 16 with a 2-symbol CORESET. Based on the system-level simulation results (see Appendix B), the 5th percentile DL geometry for 20 MHz bandwidth at 4GHz corresponds to SNR of -4.48 dB. As shown in the simulation results in Figure 1 and Figure 2, the compact DCI improves the performance by about 1 dB across various BLERs, considering the realistic channel estimation.
Observation 2: Compact DCI provides about 1 dB gain for URLLC.   
It can be seen in Figure 1 that, regardless of the DCI size, the PDCCH BLER performance with realistic channel estimation doesn’t meet the URLLC requirement of 10-5 with the aggregation level of 8 for the case of one-shot transmission, while this requirement can be met with ideal channel estimation. It can be observed that the channel estimation error is the significant contributor to the performance degradation of URLLC. Therefore, the performance target for URLLC even with the aggregation level of 8 could be achieved by improving the channel estimation performance using the wideband RS together with the compact DCI.

On the other hand, the block error rate of less than 10-5 can be achieved by using the aggregation level of 16 as shown in Figure 2. However, using the aggregation level of 16 will result in higher resource overhead for control channels. 
[bookmark: _GoBack]Observation 3: Channel estimation error is a significant source of performance degradation for URLLC.  
In Figure 3, the performance of PDCCH with various DCI sizes for the aggregation level of 16, subcarrier spacing of 15KHz and carrier frequency of 700MHz for a 1-symbol CORESET is shown. Based on the system-level simulation results (see Appendix B), the 5th percentile DL geometry for 20 MHz bandwidth at 700MHz corresponds to SNR of -3.67 dB. As can be seen from Figure 3, regardless of the DCI size, the PDCCH BLER performance doesn’t meet the URLLC requirement of 10-5 even with the aggregation level of 16 for the case of one-shot transmission. This can be partly attributed to the loss of receive diversy gain and antenna gain due to the use of only two receive antennas. Therefore, other complementary mechanisms such as PDCCH repetition with soft combining [5] and/or wideband RS to improve channel estimation and/or using the HARQ mechanism are needed to meet the stringent requirement for URLLC applications. 
Proposal 1: NR should support the compact DCI as one solution to achieve the BLER perfomance target for URLLC.
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[bookmark: _Ref510690967]Figure 1. Performance of PDCCH with various DCI sizes for 4GHz & AL= 8
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[bookmark: _Ref510691089]Figure 2. Performance of PDCCH with various DCI sizes for 4GHz & AL= 16 [image: ]
[bookmark: _Ref510693657]Figure 3. Performance of PDCCH with various DCI sizes for 700MHz & AL= 16
Summary
In this contribution, we discussed the contents of the compact DCI for URLLC. The simulation results were presented for the performance of compact DCI for URLLC applications using the agreed evaluation assumptions. The following observations are concluded from the simulation results:
Observation 1: At least 10 bits could be saved in the compact DCI from DCI formats 0_0 or 1_0.
[bookmark: _Ref455734493][bookmark: _Ref434502751][bookmark: _Ref419296613][bookmark: _Ref434227915][bookmark: _Ref434501473]Observation 2: Compact DCI provides about 1 dB gain for URLLC.  
Observation 3: Channel estimation error is a significant source of performance degradation for URLLC.
Proposal 1: NR should support the compact DCI as one solution to achieve the BLER perfomance target for URLLC.
References
[1] [bookmark: _Ref510595808]Chairman’s Notes, 3GPP TSG RAN WG1 #92 Meeting, Athens, Greece, Feb. 2018.
[2] [bookmark: _Ref510425789]R1-1803553, 3GPP TS 38.212, NR; Physical layer procedures for data, v15.0.1, Mar. 2018. 
[3] [bookmark: _Ref503267626]3GPP TR38.913, Study on Scenarios and Requirements for Next Generation Access Technologies, v14.3.0, Jun. 2017. 
[4] [bookmark: _Ref510631163]R1-1804851, “Remaining details of CQI and MCS tables for URLLC,” InterDigital, Apr. 2018. 
[5] [bookmark: _Ref510785612]R1-1804853, “Evaluation of PDCCH Repetition for URLLC,” InterDigital, Apr. 2018.

Appendix A: Agreed Link-Level Simulation Assumptions [1]

	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 4G, 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
	



Appendix B: System-Level Simulation results
[image: ]
Figure 4. System-level simulation results for 20 MHz bandwidth at 4GHz

[image: ]
Figure 5. System-level simulation results for 20 MHz bandwidth at 700MHz
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