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1 [bookmark: _Ref513464071]Introduction
In RAN1 meeting #96bis [1] #97 [2], agreements have been made on specific fields in the compact DCI to be used for R16 URLLC and on a framework for defining the limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span. 

In this document, we focus on the structure of the compact DCI and discuss optimization of additional compact DCI fields. 
2 URLLC DCI
NR R16 URLLC focuses on four types of use cases: power distribution, factory automation, R15 enabled use cases (e.g., AR/VR) and the 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 the reliable URLLC data transmissions, the DCI for URLLC should be transmitted at even higher reliability. It has been shown that by reducing the payload size of the R15 PDCCH from 40 bits to e.g. 15 bits, an improvement in the link level PDCCH reliability, the PDCCH resource utilization and the PDCCH blocking probability can be achieved [3]. The reduction of DCI payload size for URLLC can result in a lower effective coding rate and higher coding gain if the DCI transmission resources are kept the same as R15. This results in more reliable transmissions of DCI, and subsequently, more reliable transmissions of URLLC data. 
If the coding rate is kept the same, reduction of the DCI payload size for URLLC may be beneficial in improving PDCCH blocking, helping to reduce the latency of overall transmission from data arrival to acknowledgement of the transmitted signal. Given that the compact DCI will have configurable elements, it is necessary for the configured values to be communicated to the UE. The sizes of the DCI fields can be configured semi-statically as in R15 or set dynamically by the gNB e.g. the UE would like to modify the size of the compact DCI without the need for a re-configuration. 
One design aspect is how to achieve the minimum size of the URLLC DCI which is from discussions should be at least 10 bits smaller that the fallback DCI i.e. DCI 1_0. It is already agreed that a potential reduction of the number of bits for some DCI field are supported, that some of the fields of R15 DCI format 1_1 can be removed or be configured with size 0 and that others may be configured with multiple sizes greater than zero. Here, we provide our views on how to achieve the DCI size reduction compared to the fallback DCI. 
1. Modulation and coding schemes
A total of three MCS tables are defined in NR. Two MCS tables (i.e., MCS table 1 and MCS table 3) are used for R15 URLLC, since the 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 R16 URLLC, the size of MCS field could be reduced. For example, we could use a 4-bit field in the compact DCI to indicate a combed MCS index of a given MCS table, to be able to adapt to a wider range of channel conditions though with a coarser granularity. Alternatively, a 4-bit field in the compact DCI can be used to indicate a subset of MCS entries which corresponds to more conservative link adaptation.
Proposal 1: Support reducing the MCS field size for URLLC DCI by indicating a subset of entries of the MCS table.
· FFS: whether the selected subset of entries of the MCS table is configurable
2. HARQ process number
In R15 NR, up to 16 HARQ processes can be configured for a UE. Accordingly, the “HARQ process number” field in R15 DCI formats have 4 bits. Due to the low latency requirements of URLLC and fast HARQ round trip time in NR, it may not be necessary to use the 16 HARQ processes for some URLLC use cases. Therefore, to save overhead, we believe that URLLC DCI can support a reduced number of HARQ processes (e.g., 4 HARQ processes which corresponds to 2 bits for the HARQ process number field).
Proposal 2: Support reducing the HARQ process number field size for URLLC DCI to indicate a subset of HARQ processes.
· FFS: whether the number of bits for the HARQ process field is configurable
3. 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 specific set of RVs e.g. (RV0, RV3) or (RV0, RV0). Then only 1 bit, instead of 2 bits, is needed to indicate the redundancy version.
Besides the above fields, we can 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 can 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 can be reduced in the compact DCI since the low latency requirements of URLLC may restrict this timing value to a smaller set for some applications. 
Proposal 3: Support reducing the number of bits for the redundancy version field for URLLC DCI to indicate a subset of redundancy versions.
· FFS: whether the number of bits for the redundancy version field is configurable


3 Conclusion
In this contribution, we provided our views on the PDCCH enhancement for eURLLC. Our proposals are as follows:
Proposal 1: Support reducing the MCS field size for URLLC DCI by indicating a subset of entries of the MCS table.
· FFS: whether the selected subset of entries of the MCS table is configurable
Proposal 2: Support reducing the HARQ process number field size for URLLC DCI to indicate a subset of HARQ processes.
· FFS: whether the number of bits for the HARQ process field is configurable
Proposal 3: Support reducing the number of bits for the redundancy version field for URLLC DCI to indicate a subset of redundancy versions.
· FFS: whether the number of bits for the redundancy version field is configurable
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5 Appendix
In RAN1 meeting #96bis [1], the following agreements have been made about the URLLC PDCCH and DCI: 

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)

Agreements:
The following field from Rel-15 DCI format 0_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 UL DCI format scheduling Rel-16 URLLC: 
· CBG transmission information 

In RAN1 meeting #97 [2], the following agreements have been made about the URLLC PDCCH and DCI:
Agreements:
· Support configurable TDRA table as in Rel-15 DCI format 1_1 (i.e. 0, 1, 2, 3 or 4 bits for time domain resource assignment) for the DL DCI format scheduling Rel-16 URLLC

Agreements:
Support at least resource allocation type 1 for frequency domain resource assignment for the DCI format scheduling Rel-16 DL URLLC with one of the following modifications compared to Rel-15: 
· Option 1: a single configurable scheduling granularity applicable for both the starting point and length indication
· Alt.1: The scheduling granularity reuses the RBG sizes for RA 0 and can be configured between configuration 1 and 2 as in Rel-15
· Alt. 2: A new RRC parameter to configure the scheduling granularity  
· Option 2: Separate configurable starting point granularity and length indication granularity 

Agreements:
Take the following framework as the working assumption for defining the limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span: 
· PDCCH monitoring span follows the definition in UE feature 3-5b as a starting point  
· FFS whether any modification needed  

Agreements:
· The per-CC limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span for a certain combination (X, Y, ) is C
· FFS aspects related to UE capability
· FFS the limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is same or different across different spans within a slot 
· Example of combinations as shown in the following table:
· FFS the value of C
· Companies are encouraged to report the potential aspects that have impact on the value of C 
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	Note: 
· The table here doesn’t mean increased PDCCH monitoring capability is supported for all SCS. N/A can be filled in the corresponding cell for the SCS not applicable 


· FFS interaction with Rel-15-based limitation, e.g., whether to increase the limit for PDCCH monitoring case 1 under the increased PDCCH monitoring capability on the maximum number of non-overlapped CCEs per slot for channel estimation  

