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In RAN#83 plenary meeting a new WI on Physical Layer Enhancements for NR URLLC for Rel-16 was agreed. One of the identified objectives of this WI is related to the PDCCH:

· Specification of PDCCH enhancements [RAN1]
· DCI format(s) with configurable sizes for some fields, with a minimum DCI size targeting a reduction of 10~16 bits relative to Rel-15 DCI format 0_0/1_0 and a maximum DCI size that can be larger than Rel-15 DCI format 0_0/1_0, and provide the possibility to align with the size of the DCI format 0_0/1_0 (including possible zero padding if any) 
· Increased PDCCH monitoring capability on at least the maximum number of non-overlapped CCEs per slot for channel estimation for at least one SCS subject to restrictions including, but not necessary limited to, those identified in TR 38.824. Enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions) can be further considered.

In RAN1 meeting #96 [1], the following agreements have been made about the URLLC DCI: 

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
Agreements:
· To include the following recommendations in the TR:
For PDCCH enhancement, it is recommended to support the following in Rel-16:
-	DCI format(s) with configurable sizes for some fields and potential reduction of the number of bits for some field(s) compared to Rel-15 DCI, while enabling the minimum DCI size target a reduction of 10~16 bits less than the DCI format size of Rel-15 fallback DCI and the maximum DCI size can be larger than Rel-15 fallback DCI, and provide the possibility to align with the size of the Rel-15 fallback DCI (including possible zero padding if any).  

In this contribution, we discuss the DCI for URLLC, including the associated changes in each DCI field. 
URLLC DCI
The NR Rel-16 URLLC focuses on four types of use cases: power distribution, factory automation, Rel-15 enabled use case (e.g., AR/VR) and transport industry. Each use case has its own traffic model with specific latency and reliability requirements. The highest reliability requirement is , e.g., for factory automation, and the lowest latency requirement is 1 ms. To ensure reliable URLLC data transmissions, the DCI for URLLC should be transmitted at even higher reliability. The reduction of DCI payload size for URLLC implies a lower effective coding rate and higher coding gain. This results in more reliable transmissions of DCI, and subsequently, more reliable transmissions of URLLC data. 
It is already agreed that potential reduction of the number of bits for some DCI field are supported. Here, we provide our views on how to achieve the DCI size reduction. Among the fields of DCI formats 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. If the granularity is increased to 16 PRBs, then the size of this field is as large as 8 bits.
2. Modulation and coding schemes
A total of three MCS tables are defined in NR [3]. Two MCS tables (i.e., MCS table 1 and MCS table 3) are used for Rel-15 URLLC, since 256 QAM is not supported for URLLC due to its high reliability requirements. Each of the two MCS tables contains 32 entries and a 5-bit field is defined in DCI to indicate the MCS index. 
In Rel-16 URLLC, the size of MCS field could be reduced. For example, we could use a 4-bit field in compact DCI to indicate the combed MCS index of a given MCS table. The increase of MCS index granularity will potentially result in increased data transmission resources. However, many URLLC use cases (e.g., power distribution, or factory automation) have small data packet sizes, implying the amount of increased data transmission resources is limited.
 
3. HARQ process number
Up to 16 HARQ processes are supported in Rel-15 NR. 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, all the 16 HARQ processes may not be necessary for URLLC use cases. Some URLLC applications may only need 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, instead of 2 bits, 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.
Based on the above discussion, at least 10 bits could be saved in the compact DCI from DCI formats 0_0 or 1_0.
Proposal 1: Support the option of reduced field size (compared to R15 fallback DCI) for the following DCI fields for URLLC:
· Frequency domain resource assignment
· Modulation and coding schemes
· HARQ process number
· Redundancy version

Conclusion
In this contribution, we provided our views on the DCI enhancement for URLLC. Our proposals are as follows:
Proposal 1: Support the option of reduced field size (compared to R15 fallback DCI) for the following DCI fields for URLLC:
· Frequency domain resource assignment
· Modulation and coding schemes
· HARQ process number
· Redundancy version
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