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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#98bis, we made the following agreements:
Agreements:
Support configurable number of bits (0 or 1 bit) for “VRB-to-PRB mapping” in the new DCI format for DL scheduling for Rel-16 URLLC. 
· If 0 bit is configured, non-interleaved VRB-to-PRB mapping as in Rel-15 is applied.  

Agreements:
Support configurable number of bits (0 or 1 or 2 bits) for “Redundancy version” in the new DCI format for DL scheduling for Rel-16 URLLC.
· If 0 bit is configured, RV0 is used. 
· If 1 bit is configured, RV0 and RV3 are indicated dynamically  
Agreements:
· Support configurable number of bits (0 or 1 or 2 or 3 bits) for “Carrier indicator” for the new DCI formats scheduling Rel-16 URLLC.
· The number of bits for “carrier indicator” in the new DCI format for DL scheduling and the new DCI format for UL scheduling can be separately configured.

Agreements:
For the new DCI format for DL scheduling for Rel-16 URLLC, support configurable number of bits for the following fields:
· Antenna port(s) (0 or 4/5/6 bits)
· New RRC configuration parameters are introduced for this configuration
· Transmission configuration indication (0 or 3 bits)
· FFS 1 or 2 bits
· SRS request (0 or 2 or 3 bits)
· FFS 1 bit
· DMRS sequence initialization (0 or 1 bit) 

Agreements:
For resource allocation type 1 for frequency domain resource assignment for the new DCI formats scheduling Rel-16 URLLC, the possible configurable values for the scheduling granularity for starting point and length indication is {2, 4, 8, 16}. 
· If not configured, the granularity is 1 PRB. 
· FFS other possible values
Agreements:
For the new DCI format for UL scheduling for Rel-16 URLLC, support new RRC configuration for CSI Request and the corresponding table:
· #of bits: 0 or 1 or 2 or 3 or 4 or 5 or 6 bits, derived the same way as that of Rel-15 non-fallback DCI

Agreements:
For the new DCI format for UL scheduling for Rel-16 URLLC, support configurable number of bits for the following fields:
· SRS resource indicator (0 or 1 or 2 or 3 or 4 bits)
· FFS details of configuration
· Precoding information and number of layers (0 or 1 or 2 or 3 or 4 or 5 or 6 bits)
· FFS details of configuration
· Antenna port(s) (0 or 2 or 3 or 4 or 5 bits)
· FFS details of configuration
· SRS request (0 or 2 or 3 bits)
· FFS details of configuration
· DMRS sequence initialization (0 or 1 bit) 
· New RRC parameter is introduced to configure whether this field is present in the DCI or not
· If the field is present, then the number of bits is determined in the same way as in Rel-15
· DMRS-PTRS association (0 or 2 bits)
· FFS details of configuration
Agreements:
Support configurable number of bits (0 or 1 bit) for “Frequency hopping flag” in the new DCI format for UL scheduling for Rel-16 URLLC. 
· New RRC parameter is introduced to configure frequency hopping, and the number of bits is determined as the same way in Rel-15   
Agreements:
Support “BWP indicator (0 or 1 or 2 bits)” in the new DCI formats scheduling Rel-16 URLLC in the same way as in Rel-15.
· Same RRC parameters as that for DCI format 0_1/1_1 are used for this configuration.  

Agreements:
[bookmark: _Hlk22339633]Support “TPC command for scheduled PUCCH (2 bits)” in the new DCI format for DL scheduling for Rel-16 URLLC in the same way as in Rel-15 DCI format 1_0/1_1.

Agreements:
Support “TPC command for scheduled PUSCH (2 bits)” in the new DCI format for UL scheduling for Rel-16 URLLC in the same way as in Rel-15 DCI format 0_0/0_1.

Agreements:
Support the HARQ process number field in the new DCI format in DL and in the new DCI format in UL to be additionally configurable to 0 or 1 bit.
· The values of the HARQ process number field can map from 0 to 2^(the number of bits)-1. 
· Note: no additional specification effort for configuring 0 bit or 1 bit is expected
Agreements:
Reuse the same non-configurable 1 bit of “UL-SCH indicator” as in Rel-15 DCI format 0_1 for the new DCI format for UL scheduling 

Agreements:
Support “UL/SUL indicator (0 or 1 bit)” in the new DCI format for UL scheduling for Rel-16 URLLC as in Rel-15 DCI format 0_1. 
· Same RRC configuration for DCI format 0_1 and the new DCI format for UL scheduling 

Agreements:
Support configurable size for “PUCCH resource indicator (0 or 1 or 2 or 3 bits)” for the new DCI format for DL scheduling.  
· New RRC parameter is introduced to for the configuration
Agreements:
Support configurable size for “PDSCH-to-HARQ_feedback timing indicator (0 or 1 or 2 or 3 bits)” for the new DCI format for DL scheduling.  
· New RRC parameter is introduced to for the configuration

Agreements:
Support configurable size for “beta offset indicator (0 or 1 or 2 bits)” for the new DCI format for UL scheduling.  
· New RRC parameter is introduced to for the configuration
Agreements:
Support configurable size for “Downlink assignment index (0 or 1 or 2 or 4 bits)” for the new DCI format for UL scheduling.  
· New RRC parameter is introduced to for the configuration

Agreements:
Support configurable size for “Downlink assignment index (0 or 1 or 2 or 4 bits)” for the new DCI format for DL scheduling.  
· New RRC parameter is introduced to for the configuration

In an email discussion [98b-NR-22] we agreed the following:
For time domain resource allocation indication for PDSCH for Rel-16 URLLC in new DCI format, using the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected as the reference of the SLIV is supported.
· A RRC parameter is used to enable the utilization of the new reference  
· When the RRC parameter enables the utilization of the new reference, the new reference is applied for TDRA entries with K0=0
· FFS: Other entries with K0>0 can also be included in the same TDRA table 
· For other entries (if any) in the same TDRA table, the reference is slot boundary as in Rel-15.

PDSCH mapping type A is not supported with the new reference. 

This contribution considers some remaining issues on PDCCH enhancements for eURLLC.  
2. Discussions 
The DCI fields agreed to be considered for size reduction [1] are:
· Frequency domain resource assignment (FDRA) (agreed for Type 1 RA in RAN1#98bis)
· Time domain resource assignment (TDRA)
· Modulation and coding scheme (MCS)
· HARQ process number (agreed in RAN1#98)
· Redundancy version (RV) (agreed in RAN1#98bis)
· PUCCH resource indicator (PRI) (agreed in RAN1#98bis)
· PDSCH-to-HARQ_feedback timing indicator (agreed in RAN1#98bis)
· Downlink assignment index (DAI) (agreed in RAN1#98bis)

The field size for HARQ process number was agreed in RAN1#98 whilst those for RV, PRI, PDSCH-to-HARQ_feedback timing indicator and DAI were agreed in RAN1#98bis.  The remaining DCI field sizes to be considered are FDRA Type 0, TDRA and MCS.

2.1 Frequency Domain Resource Assignment (FDRA)
Resource Allocation Type 0 allows for discontinuous allocations in the frequency domain, which can offer frequency diversity and also provides further flexibility for the gNB to minimize pre-emption.  Hence, we see a benefit to also support RA Type 0.  Since RA Type 0 already allows for different RBG sizes, no further changes are required.
Proposal 1: Support Resource Allocation Type 0 for frequency domain resource assignment for the DCI format scheduling Rel-16 DL URLLC.  No changes required from Rel-15.

2.2 Time Domain Resource Assignment (TDRA)
It is agreed in an email discussion [98b-NR-22] that for Rel-16 eURLLC PDSCH, the network can configure that the starting symbol, S, of the PDSCH is relative to the start of the PDCCH carrying the DL Grant instead of the slot boundary.  This is applicable for TDRA table entries where K0=0, i.e. when same slot scheduling is used.  There is an FFS as to whether K0>0 entries can be configured in the same TDRA table.  The argument against having cross slot (K0>0) entries in the TDRA table is that there may not be sufficient entries in the table to accommodate same slot and cross slot entries.
Firstly, it has been shown that for K0=0, using this new reference point (i.e. relative to the start of DL Grant) would reduce the number of entries required [2].  
Observation 1: For same slot scheduling, having the starting symbol of PDSCH relative to the start of the PDCCH carrying the DL Grant requires less entries in the TDRA table compared to using the legacy reference point.

Secondly, it isn’t clear why such an unnecessary restriction (i.e. not allowing K0>0 entries) is imposed onto the network scheduling.  If the network deemed there is no need for K0>0 entries or there are not sufficient entries in the TDRA table for its scheduling scheme, the network can configure a TDRA table with only K0=0 entries.  If the network needs to perform cross slot scheduling then it should be able to have K0>0 entries in its TDRA table.
Observation 2: Forcing the network to use only same slot scheduling by not allowing K0>0 entries in the TDRA configuration imposes unnecessary restriction to the network scheduling.

Finally there is absolutely no benefit shown in imposing such an unnecessary restriction as completely barring cross slot scheduling in a TDRA configuration.  We therefore propose that K0>0 entries are allowed in the TDRA table.  It has already been shown by a few companies that for K0>0, the legacy reference point (relative to slot boundary) is beneficial in terms of reducing the number of entries [2], [3] and so for entries for which K0>0, the legacy reference point is used.
Proposal 2: When the RRC enables the utilization of the new reference point, where the PDSCH starting symbol is relative to the start of the PDCCH carrying the DL Grant, for TDRA entries with K0=0:
· Other entries with K0>0 can also be included in the same TDRA table and for these entries (K0>0), the reference starting symbol of the PDSCH is relative to the slot boundary as in Rel-15.

2.3 Modulation and Coding Scheme (MCS)
The size of the MCS field in Rel-15 is 5 bits and it is suggested that a smaller MCS size can be used since high modulation & high code rate schemes are not suitable for URLLC as URLLC requires high reliability: hence the high modulation and code rate schemes can be removed.  However, this reliability aspect has already been addressed with the introduction of a lower spectral efficiency MCS table in Rel-15.
Reducing the size of the MCS would lead to coarser MCS granularity which leads to inefficient allocation of resources.  Alternatively, a localized subset of the Rel-15 MCS table could be used, e.g. a 3 bit MCS field using the lower 8 entries of the Rel-15 MCS table, and the localized subset used is RRC configured.  However, localizing to a subset of the Rel-15 MCS table may not be suitable if the UE moves to a different radio condition and reconfiguring the UE to a different subset of the MCS table would introduce latency.  Hence, we have a preference not to change the size of the MCS field.
Proposal 3: The size of the MCS field is maintained at 5 bits.  

3. Conclusion
In this contribution, we discuss some remaining issues in PDCCH enhancements for eURLLC.  We observe the following:
[bookmark: _GoBack]Observation 1: For same slot scheduling, having the starting symbol of PDSCH relative to the start of the PDCCH carrying the DL Grant requires less entries in the TDRA table compared to using the legacy reference point.
Observation 2: Forcing the network to use only same slot scheduling by not allowing K0>0 entries in the TDRA configuration imposes unnecessary restriction to the network scheduling.

We therefore propose the following:
Proposal 1: Support Resource Allocation Type 0 for frequency domain resource assignment for the DCI format scheduling Rel-16 DL URLLC.  No changes required from Rel-15.
Proposal 2: When the RRC enables the utilization of the new reference point, where the PDSCH starting symbol is relative to the start of the PDCCH carrying the DL Grant, for TDRA entries with K0=0:
· Other entries with K0>0 can also be included in the same TDRA table and for these entries (K0>0), the reference starting symbol of the PDSCH is relative to the slot boundary as in Rel-15.

Proposal 3: The size of the MCS field is maintained at 5 bits.  
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