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1 Introduction
In the previous meetings, some agreements related to DCI formats were achieved. The following agreements were made in RAN1 #96, #96Bis and #97 [1] [2] [3]. 
In RAN1 meeting #96 [1],
Agreements:
For the DCI format(s) (may or may not be new format, to be finalized in the WI phase) scheduling Rel-16 NR URLLC, 
· Support configurable sizes for some fields, while  
· The maximum DCI size can be larger than Rel-15 fallback DCI
· The minimum DCI size target a reduction of 10~16 bits less than the DCI format size of Rel-15 fallback DCI
· Provide the possibility to align with the size of the Rel-15 fallback DCI (including possible zero padding if any)
· Support at least one of the following configurable fields – the set of configurable field(s) including bitwidths to be finalized during the WI phase (which may further depend on DL vs. UL assignments)
· Antenna port(s) [0~2 bits]
· Transmission configuration indication [0~3 bits]
· Rate matching indicator [0~2 bits]
· SRS request [0~3 bits] 
· PRB bundling size indicator [0~1 bit]
· Carrier indicator [0~3 bits]
· CSI request [0~3 bit]
· ZP CSI-RS triggering [0~2 bits] 
· Beta offset indicator [0~2 bits]
· SRS resource indicator [0~4 bits]
· Repetition factor [0~2 bits]
· Priority indication [0~3 bits]
· Note: Other field(s) can be considered if needed 
· Note: This doesn’t imply the necessity to increase the DCI size budget (i.e. “3 +1”) compared to Rel-15
In RAN1 meeting #96b [2],
Agreements:
Support configurable number of bits for the following fields for DL DCI format scheduling Rel-16 URLLC.
· Carrier indicator (0 bit or at least one non-zero bit)
· PRB bundling size indicator (0 or 1 bit)
· Rate matching indicator (0, 1 or 2 bits)
· ZP CSI-RS trigger (0, 1 or 2 bits)
Agreements:
The following fields from Rel-15 DCI format 1_1 are not included (in case new DCI format) or can be configured to be absent (0 bit) as in Rel-15 (in case reusing the existing format) in the DL DCI format scheduling Rel-16 URLLC. 
· Modulation and coding scheme for TB 2
· New data indicator for TB 2
· Redundancy version for TB 2
· CBG transmission information 
· CBG flushing information 
Agreements:
Keep the following two fields without any change from Rel-15 DCI in DCI format scheduling Rel-16 URLLC:
· Identifier for DCI formats (1 bit) (when applicable)
· New data indicator (1 bit)
In RAN1 meeting #97 [3],
Agreement
In case 2 TBs are scheduled in the downlink, the timing of the ACK/NACKs for the scheduled TBs is with respect to the last TB scheduled by the DCI, detailed value FFS.
· For the case of 1 TB scheduling, legacy UE behavior is maintained

Agreements:
· The size of each DCI format is determined by the configuration of the corresponding active bandwidth part of the scheduled cell and shall be adjusted as described in clause 7.3.1.0 if necessary.
The contribution mainly provides some further considerations on DCI formats design for URLLC.

2 DCI formats
The following mainly focuses on redundancy version field. In the Rel-16 NR URLLC, we consider the reduction of redundancy version field in order to improve performance and reduce payload. From the progress of the current discussion, redundancy version for TB 2 is not included in the new DCI format. As for the redundancy version for TB 1, there are 2 bits in the original DCI. In this case, if the maximum number of retransmissions is 4, the redundancy version of the four retransmissions may be 0/2/1/3 or 0/2/3/1, respectively. Consider reducing the redundant version field to 1 bit [4]. According to the reduced redundancy version, the version of the four retransmissions is only 0/2/0/2 or 1/3/1/3.
We consider that we need to evaluate the performance difference between the two cases. 
If the retransmission gains of the reduced redundant versions have some loss, we think that the cost of reducing the field is large and it is not necessary to reduce the redundancy version field. In the case where the difference in retransmission gain is small, it can consider to reduce the field. Simulation was considered to compare the performance before and after redundant version reduction. Simulation results of different retransmission versions are shown in the figure.



Figure1. Performance of different redundant version

Observation 1: When the maximum retransmission is 4, BLER is 1%,
· When the redundancy version of the four retransmissions is 0/2/0/2, the retransmission gain has a loss compared with 0/2/3/1. The loss is about 0.4dB.
· When the redundancy version of the four retransmissions is 1/3/1/3, the retransmission gain has a loss compared with 0/2/3/1. The loss is about 0.6dB.

Proposal 1: Further evaluate the impact of reducing redundant version fields to 1bit on retransmission performance and reduce redundant version fields according to the impact on performance.

3 RV TB1 field design
Assuming a maximum retransmission number of 4, when the redundancy version for TB 1 is reduced to 1 bit, we can only get two redundancy version. If there are some other information known, consider whether we can use more redundancy versions or not. Combining the sub-frame number information, the retransmission gain can be guaranteed under the premise of reducing the redundancy version size. Consider the compact information transmitted in the URLLC scenario, the following three common cases are listed.
Case 1: Four retransmissions in one sub-frame
In this case, combining the parity information of the sub-frame number with the DCI information, two version numbers can be used after four retransmissions. So the transmission performance will be poor.



Figure2. Transmitting RV TB 1 four times in one sub-frame.

Case 2: Four retransmissions in two sub-frames with two retransmissions per sub-frame
In this case, combining the parity information of the sub-frame number with the DCI information, four version numbers can be used after four retransmissions. So the transmission performance is not affected by reasonable configuration.



Figure3. Transmitting RV TB 1 twice per sub-frame.

Case 3: Four retransmissions in two sub-frames with one retransmission in one sub-frame and three in the other
In this case, combining the parity information of the sub-frame number with the DCI information, three version numbers can be used after four retransmissions. So the transmission performance will be affected to some extent, but not as seriously as Case 1.



Figure4. Transmitting RV TB 1 three times in one sub-frame and once in the other.

Case 4: Four retransmissions in four sub-frames
In this case, combining the parity information of the sub-frame number with the DCI information, four version numbers can be used after four retransmissions. So the transmission performance is not affected by reasonable configuration.



Figure5. Transmitting RV TB 1 once per sub-frame.

Observation 2: Transmitting RV TB 1 once or twice per sub-frame and we will get four retransmitted version numbers. The retransmission performance is not affected.
Observation 3: Transmitting RV TB 1 three times in one sub-frame and once in the other and we will get three retransmitted version numbers. The retransmission gain will be reduced.
Observation 4: Transmitting RV TB 1 four times per sub-frame and we will get two retransmitted version numbers. The retransmission gain will decreases further.
Proposal 2: When the maximum retransmission times are 4, the combination of sub-frame number information can avoid the performance loss caused by RV TB 1 deletion to a certain extent. 

4 Conclusion
In this contribution, some PDCCH enhancements were discussed and proposed for consideration. Based on above discussions, our observations and proposals in this contribution are summarized as follows.
Observation 1: When the maximum retransmission is 4, BLER is 1%,
· When the redundancy version of the four retransmissions is 0/2/0/2, the retransmission gain has a loss compared with 0/2/3/1. The loss is about 0.4dB.
· When the redundancy version of the four retransmissions is 1/3/1/3, the retransmission gain has a loss compared with 0/2/3/1. The loss is about 0.6dB.
Proposal 1: Further evaluate the impact of reducing redundant version fields to 1bit on retransmission performance and reduce redundant version fields according to the impact on performance.
Observation 2: Transmitting RV TB 1 once or twice per sub-frame and we will get four retransmitted version numbers. The retransmission performance is not affected.
Observation 3: Transmitting RV TB 1 three times in one sub-frame and once in the other and we will get three retransmitted version numbers. The retransmission gain will be reduced.
Observation 4: Transmitting RV TB 1 four times per sub-frame and we will get two retransmitted version numbers. The retransmission gain will decreases further.
Proposal 2: When the maximum retransmission times are 4, the combination of sub-frame number information can avoid the performance loss caused by RV TB 1 deletion to a certain extent.
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Appendix
Simulation parameters are shown in the following table.
Table 1: Different redundant version simulation parameters
	Parameter
	Value

	SCS
	60kHz

	TTI length
	Mini-slot:  4symbol

	RV version
	{0,2,0,2}  {0,2,3,1}  {1,3,1,3}

	Repetition number
	K = 4

	Transfer mode
	1 layer 2 port 
Codebook-based closed-loop reuse

	TB size
	256 bits

	Channel coding
	LDPC

	Channel model
	NLOS: TDL-C

	Simulation bandwidth
	80 MHz (for carrier frequency of 4 GHz)

	Number of users in simulation
	1

	Channel estimation
	Realistic

	Antenna configuration
	2Tx*8Rx, cross-polarized
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