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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the previous RAN1 meeting, compact DCI were discussed for meeting URLLC reliability requirements and the simulation assumption were reached [1]. In this contribution, we discuss the compact DCI performance and design for URLCC.
2. Discussion
2.1. Simulation results 
When the required SINR values in link performance are below 5th SINR percentile value in system level simulation, the reliability can be met for URLLC service. The system level results can be seen in annex A. the 5th percentile DL geometry system level is shown in table 1. 
 Table 1 5% SINR in system simulation
	Frequency
	5th% SINR

	4GHz
	-2.506 dB

	700MHz
	-3.279 dB


Table 2 and table 3 give the link level performance corresponding to TDL-C and TDL-A channel, respectively.  
Table 2 The required SINR corresponding to 10-5  BLER target in link simulation
	TDL-C (300ns)
	Frequency 
	AL
	40bits
	24 bits
	15 bits

	
	4GHz
	16CCE
	-6.20
	-6.63
	-7.53

	
	
	8 CCE
	-2.87
	-3.73
	-3.82

	
	700MHz
	16 CCE
	-2.17
	-3.00
	-3.63

	
	
	8 CCE
	3.06
	2.30
	1.31



Table 3 The required SINR corresponding to 10-5  BLER target in link simulation 
	TDL-A 
(30ns)
	Frequency 
	AL
	40bits
	24 bits
	15 bits

	
	4GHz
	16 CCE
	-5.20
	-6.00
	-6.66

	
	
	8 CCE
	-2.24
	-2.96
	-3.92

	
	700MHz
	16 CCE
	-1.12
	-1.60
	-2.29

	
	
	8 CCE
	4.43
	3.70
	2.94


According to the simulation results, the required SINR is below the -2.506 dB for 4G and UE with 4-RX cases except 40bits with 8 CCE in TDL-A channel. For 700MHz and UE with2-RX, only 15bits with 16CCE can meet the requirement. Moreover, the reduced DCI payload size can provide the performance gain around 1.5dB and be beneficial for reaching the high reliability target. Thus, compact DCI format with small payload size can be adopted for URLLC.
Observations：
· For 4GHz and UE with 4-RX, the URLLC requirement can be fulfilled by compact DCI with 16 CCE.
· For 700MHz and UE with 2-RX, the URLLC requirement can only be fulfilled by compact DCI with 15bits with 16CCE in TDL –C channel.
· Compact DCI can provide the performance gain around 1.5dB.
Proposal 1: Compact DCI is supported for the reliable PDCCH transmission for URLLC.
Proposal 2: In Rel-15, compact DCI design should target at DCI payload size of less than 20bits.

2.2. Compact DCI
When Compact DCI is introduced, the number of blind decoding can be restricted considering the UEs’ complexity. For example, UEs can be configured to monitor only compact DCI and fallback DCI to avoid increasing blind decoding.  
2.2.1 DL related DCI field
In the following section, the DL-related DCI fields for compact DCI are discussed. 
· Identifier for DCI formats
If compact DCI for DL and UL has different payload size, this field is not needed. Otherwise, 1 bit identifier is used to distinguish UL and DL DCI format for URLLC.
· Frequency domain resource assignment
For URLLC, the wider frequency bandwidth and the shorter duration in time may be used for achieving low latency. If resource allocation type 0 is used, large bitmap size for frequency domain RA field is needed, which increases the RA overhead. Therefore, resource allocation type 1 can be used for URLLC. Based on resource allocation type 1, maximum 16 bits overhead are required with RB granularity in the case of 275 RBs bandwidth. A larger RBG granularity can be considered for further reduction of RA overhead. Generally, URLLC service requires a certain information payload size, e.g., a small packet of size 32 bytes. In the case of code rate =1/3, QPSK modulation, 2 symbols PDSCH length with comb DMRS structure, 22 RBs are required. In an extreme case of RA with 22 RB granularity, 7bits is included in DCI. 
Proposal 3: Resource allocation type 1 with a larger RBG size can be applied for frequency domain RA.
· Time domain resource assignment
Currently, time domain resource assignment indicates the set of OFDM symbols used for PDSCH transmission, the start slot, and the PDSCH mapping type, as shown in table 4. This field is comprised of 4 bits, which indicates the partial combinations due to the limited overhead. Generally, PDSCH mapping type B can be a default configuration and needn’t be indicated. Besides, cross-slot scheduling does not required for URLLC service due to latency requirement. Thus, the starting slot can be absent in compact DCI. 
For compact DCI, the OFDM symbols indication can be refined. Table 5 lists the starting symbol index relative to the start of the slot. 5bits are required for all the combinations. If current mechanism of time domain RA is used, the indication of the starting symbols is restricted due to limited number of states. Taken Figure 1 as an example, DL grants on the different symbols may schedule the corresponding PDSCHs with the same starting symbol.
Table 4 the starting symbol relative to the start of the slot
	Length
	Starting symbols
	The number of combination

	2
	0~11
	29

	4
	0~9
	

	7
	0~6
	


 


Fig.1 DL grant on the different symbol is restricted to schedule PDSCH with the same starting symbol
Considering the latency requirement of URLLC, indication of the relative location of starting symbols is a better choice, for example, the offset of starting symbol relative to the end of the monitoring CORESET is indicated, as shown in table 5. Compared to table 4, more flexible positions indication can be achieved in DCI for a DL scheduling. Thus, signaling overhead can be reduced. Furthermore, starting symbol position and duration for PDSCH can be configured by RRC signaling. In this case, no indication is needed and this field can be absent in DCI. 
Table 5 the starting symbol relative to the end of the CORESET 
	Length
	Offset

	2
	0,1

	4
	0,1

	7
	0,1


Notes: Offset 0 expresses CORESET is embedded in PDSCH transmission. Offset 1 expresses the starting symbol of PDSCH is next to the end of the monitoring CORESET in time domain. Other value is FFS.
Proposal 4: Time domain resource assignment with 0-2bits indicates the starting symbol relative to the end of the CORESET. 
· VRB-to-PRB mapping
VRB-to-PRB mapping can achieve the distributed resource allocation, which can obtain frequency diversity gain. If this field is triggered, the localized or distributed mapping can be applied. Similar to previous discussion, localized mapping with frequency hopping is beneficial for gNB scheduling, while distributed mapping can obtain more flexible resource allocation. 1 bit can be used for triggering VRB-to-PRB mapping. If a mapping pattern is configured by RRC signaling, this field can also be absent in DCI.
· MCS and RV
For URLLC service with the different reliability requirement, the lower code-rate entries should be added to meet 10-3 or 10-5 BLER requirement. High modulation order can be removed for saving the number of entries. According to URLLC service character, a single TB transmission is sufficient. It can be FFS whether URLLC service support higher data rate. If so, MCS table can include more entries. Thus, 2 - 4bits MCS field can be considered. 
Considering the latency requirement, the self-decodable RV is suggested, e.g. {0, 0, 0, 0} and {0, 3, 0, 3} is used with 1 bit overhead. Furthermore, if a certain RV sequence is configured by RRC signaling, this field can be absent.
· HARQ process number 
For URLLC service, non-slot scheduling is suitable to reduce HARQ round trip time. Thus, the number of HARQ processes can be decreased. Moreover, if high data rate is not required for URLCC service, HARQ process number field with 2 or 3 bits is sufficient. Similar to discussion in grant free section, a time window with a certain number of (re)transmission occasions can be configured for a UE. During this time window, UEs use the same HARQ ID. Considering the latency of service, after the time window, data in the buffer is deemed as expired. Therefore, the same HARQ process ID can be reused for the new data. When 1 HARQ process ID is configured by RRC signaling, this field can be absent.
· New data indicator
As discussed hereinbefore, if multiple (re)transmissions with the same HARQ ID is only restricted in a window, this information can be implicitly obtained. In this case, this field can be absent.
· PDSCH-to-HARQ feedback timing indicator
In fallback DCI, this field indicates the slot number of HARQ-ACK relative to the slot of PDSCH reception. For URLLC service, the reduced feedback timeline can be considered. Because the ARI indicates the symbols, the reduced value range can be adopted. For example, 1bit indicates the HARQ timing, in which a code-point expresses PUCCH transmission on the same slot with PDSCH, another code-point expresses PUCCH transmission on the subsequent slot after PDSCH slot. In this case, the PDSCH-to-HARQ feedback timing indicator in compact DCI is beneficial for low latency scenario. If the fixed n+k timing is configured by RRC signaling, this field can be absent. 
The compact DCI fields for DL are listed in table 6.
Table 6 compact DCI field for DL:
	Compact DCI for DL assignment
	Bits
	Comment

	Identifier for DCI formats
	1
	If DL and UL DCI have the different payload size, the field can be absent.

	Frequency domain resource assignment
	9
	When RBG size with 2 RBs, payload size is 9 bits assuming 50 RB bandwidth. 

	Time domain resource assignment
	0-[2]
	The starting symbol relative to the end of the CORESET can be considered. [2 bits]
If the starting symbol relative to the CORESET and duration are configured by RRC signaling, this field can be absent.[0 bit]

	VRB-to-PRB mapping
	0-[1]
	This field can achieve the distributed resource allocation. [1bit]
If mapping pattern is configured by RRC signaling, this field can be absent.[0 bit]

	Modulation and coding scheme 
	2-[4]
	Based on the lower modulation orders and code rates, the number of bits can be reduced. [2 bits]
FFS: whether to support the higher data rate. [4 bits]

	New data indicator
	0-[1]
	If multiple transmission with the same HARQ ID is only restricted in a window, this information can be implicitly obtained. In this case, this field can be absent.[0 bit]
Otherwise, 1bit is applied.[1 bit] 

	Redundancy version
	0-[1]
	The self-decodable RV sequence can be applied. [1 bit]
If RV sequence is configured by RRC signaling, this field can be absent.[0 bit]

	HARQ process number 
	0-[3]
	If 1 HARQ process ID is configured  by RRC signaling, this field is absent [0 bit]
Otherwise, up to 3bits is applied. [up to 3bits]  

	Downlink Assignment Index 
	0
	For FDD, this field is not required  

	TPC command for PUCCH 
	0-[2]
	If power control bases on open loop adjustment, this field can be absent.[0 bit]
Otherwise, 2bits are applied. [2 bits]

	PUCCH resource indicator
	0-[2]
	If a PUCCH resource is configured  by RRC signaling, this field can be absent.[0 bit]
Otherwise, 2bits are applied. [2 bits]

	PDSCH-to-HARQ feedback timing indicator
	0-[1]
	Only the lower latency scenario is considered. [1bit]
If the fixed n+k timing is configured  by RRC signaling, this field can be absent.[0 bit]

	RNTI and CRC
	24
	

	Total 
	36-[51]
	


2.2.2 UL related DCI field
For UL related DCI field, more combinations are observed in time domain resource assignment. For PUSCH mapping type B, the different lengths of PUSCH are supported, in which there is a maximum number of 105 combinations from 1 symbol to 14 symbols. gNB can configure a table for a UE with the limited number of entries. Similar to DL case, UL grants on the different symbols are restricted to schedule PUSCH on the same symbol due to the limited starting symbols configuration, as shown in Figure 2. Thus, it is suggested that time domain resource assignment indicates the PUSCH length and the offset relative to the CORESET where the UL grant is monitored. The offset should take into account processing time for UL transmission. Furthermore, when the starting symbol offset and duration are configured by RRC signaling, this field is absent.
The compact DCI fields for UL are listed in table 7.


Fig.2 UL grant on the different symbol is restricted to schedule PUSCH with the same starting symbol 
Proposal 5: For time domain resource assignment, the time offset of starting symbol of PUSCH relative to the CORESET where UL grant is monitored and the duration of PUSCH are indicated for a UE.
Table 7 compact DCI field for UL:
	compact DCI for UL assignment
	Bits
	Comment

	Identifier for DCI formats
	1
	If DL and UL DCI have the different payload size, the field can be absent.

	Frequency domain resource assignment
	9
	When RBG size with 2 RBs, payload size is 9 bits assuming 50 RB bandwidth. 

	Time domain resource assignment
	0-[2]
	The starting symbol relative to the end of the CORESET can be considered. [2 bits]
If the starting symbol relative to the CORESET and duration are configured by RRC signaling, this field can be absent.[0 bit]

	Modulation and coding scheme 
	2-[4]
	Based on the lower modulation orders and code rates, the number of bits can be reduced. [2 bits]
FFS: whether to support the higher data rate. [4 bits]

	New data indicator
	0-[1]
	If multiple transmission with the same HARQ ID is only restricted in a window, this information can be implicitly obtained. In this case, this field can be absent.[0 bit]
Otherwise, 1bit is applied.[1 bit]

	Redundancy version
	0-[1]
	The self-decodable RV sequence can be applied. [1 bit]
If RV sequence is configured by RRC signaling, this field can be absent.[0 bit]

	HARQ process number 
	0-[3]
	If 1 HARQ process ID is configured  by RRC signaling, this field is absent [0 bit]
Otherwise, up to 3bits is applied. [up to 3bits]  

	TPC command for PUSCH 
	0-[2]
	If power control bases on open loop adjustment, this field can be absent.[0 bit]
Otherwise, 2bits are applied. [2 bits]

	RNTI and CRC
	24
	

	Total 
	36-[47]
	


Proposal 6: Table 6 and table 7 are used for compact DCI design.
3. Conclusion
In the contribution, we have some investigations on the compact DCI content for URLLC, and propose that,
Observations：
· For 4GHz and UE with 4-RX, the URLLC requirement can be fulfilled by compact DCI with 16 CCE.
· For 700MHz and UE with 2-RX, the URLLC requirement can only be fulfilled by compact DCI with 15bits with 16CCE in TDL –C channel.
· Compact DCI can provide the performance gain around 1.5dB.

Proposal 1: Compact DCI is supported for the reliable PDCCH transmission for URLLC.
Proposal 2: In Rel-15, compact DCI design should target at DCI payload size of less than 20bits.
Proposal 3: Resource allocation type 1 with a larger RBG size can be applied for frequency domain RA.
Proposal 4: Time domain resource assignment with 0-2bits indicates the starting symbol relative to the end of the CORESET. 
Proposal 5: For time domain resource assignment, the time offset of starting symbol of PUSCH relative to the CORESET where UL grant is monitored and the duration of PUSCH are indicated for a UE.
Proposal 6: Table 6 and table 7 are used for compact DCI design.
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Annex A : System simulation results
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Fig.A1 Geometry SINR for 700MHz                                                        Fig.A2 Geometry SINR for 4GHz
· Table A1 Baseline parameter for Urban Macro – URLLC
	Urban Macro - URLLC
	Config. A
	Config. B

	Carrier frequency for evaluation
	4 GHz
	700 MHz

	BS antenna height
	25 m
	25 m

	Total transmit power per TRxP
	46 dBm for 10 MHz bandwidth
	46 dBm for 10 MHz bandwidth

	UE power class
	23 dBm
	23 dBm

	Percentage of high loss and low loss building type 
	100% low loss  (applies to Channel model B)
	100% low loss  (applies to Channel model B)

	Inter-site distance
	500 m
	500 m

	Number of antenna elements per TRxP
	64 Tx/Rx = (M,N,P,Mg,Ng) = (8,4,2,1,1), (dH,dV) = (0.5, 0.8)λ

+45°, -45° polarization
	16 Tx/Rx = (M,N,P,Mg,Ng) = (8,1,2,1,1), (dH,dV) = (0.5, 0.8)λ

+45°, -45° polarization

	Number of TXRU per TRxP
	8TXRU=(Mp,Np,P,Mg,Ng) = (1,4,2,1,1)
	2TXRU=(Mp,Np,P,Mg,Ng) = (1,1,2,1,1)

	Number of UE antenna elements 
	2Tx/Rx = (M,N,P,Mg,Ng) = (1,1,2,1,1), (dH,dV) = (0.5, 0.5)λ

0°, 90° polarization
	2Tx/Rx = (M,N,P,Mg,Ng) = (1,1,2,1,1), (dH,dV) = (0.5, 0.5)λ

0°, 90° polarization

	Number of TXRU per UE
	2TXRU (1-to-1 mapping)
	2TXRU (1-to-1 mapping)

	Device deployment
	80% outdoor, 20% indoor
Randomly and uniformly distributed over the area
	80% outdoor, 20% indoor
Randomly and uniformly distributed over the area

	UE mobility model
	Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction
	Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction

	UE speeds of interest
	3 km/h for indoor and 30 km/h for outdoor
	3 km/h for indoor and 30 km/h for outdoor

	Inter-site interference modeling
	Explicitly modelled
	Explicitly modelled

	BS noise figure
	5 dB
	5 dB

	UE noise figure
	9 dB 
(NOTE: this parameter is different from TR38.802)
	9 dB 
(NOTE: this parameter is different from TR38.802)

	BS antenna element gain
	8 dBi
	8 dBi

	UE antenna element gain
	0 dBi
	0 dBi

	Thermal noise level
	-174 dBm/Hz
	-174 dBm/Hz

	Traffic model
	Full buffer
	Full buffer

	Simulation bandwidth
	10 MHz
	10 MHz

	UE density
	10 UEs per TRxP
	10 UEs per TRxP

	UE antenna height
	1.5 m
	1.5 m

	Channel model variant
	Alt. 1: Channel model A
Alt. 2: Channel model B
	Alt. 1: Channel model A
Alt. 2: Channel model B

	TRxP number per site
	3
	3

	Mechanic tilt 
	90° in GCS (pointing to horizontal direction)
	90° in GCS (pointing to horizontal direction)

	Electronic tilt
	[100°] in LCS
	[100°] in LCS

	Handover margin (dB)
	0
	0

	TRxP boresight
	30 / 150 / 270 degrees 
[image: 说明: cid:part2.8A6ED6C4.F25E5382@vivo.com]
	30 / 150 / 270 degrees 
[image: 说明: cid:part3.E9423584.9ADF2ABB@vivo.com]

	UT attachment
	Based on RSRP (formula) from port 0
	Based on RSRP (formula) from port 0

	Wrapping around method
	Geographical distance based wrapping
	Geographical distance based wrapping

	Minimum distance of TRxP and UE
	d2D_min=10m 
	d2D_min=10m 

	Polarized antenna model
	Model-2 in TR36.873
	Model-2 in TR36.873



Annex B : Link simulation parameters
Table B1: Link simulation parameters
	Parameters
	Value

	DCI payload (excluding 24bits CRC)
	24bits, 15bits  

	System bandwidth
	20MHz

	Carrier Frequency
	4GHz, 700MHz

	Number of symbols for CORESET
	2

	CORESET BW (contiguous PRB allocation)
	20MHz

	Subcarrier spacing
	30KHz, other SCS are not precluded

	Aggregation level
	Compact DCI study: 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) 

	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
PDCCH Repetition study: look at link curves directly
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