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Introduction
In RAN1 NRAH#1901, it was concluded that PDCCH repetition is not considered further in the study item for NR URLLC. Further, the following were agreed for the DCI format size.

Agreements:
For the DCI format scheduling Rel-16 NR URLLC, 
· Support potential reduction of the number of bits for at least one of the following fields compared to Rel-15 DCI 
· Frequency domain resource assignment
· Time domain resource assignment
· Modulation and coding scheme
· HARQ process number
· Redundancy version 
· PUCCH resource indicator
· PDSCH-to-HARQ_feedback timing indicator
· Downlink assignment index
· Note: Reduction of other fields are not precluded 
· Down-select one of the following options for the DCI format size – targeting down-selection in RAN1#96 (not to be captured in the TR for now)
· Option 1: Fixed DCI size targeting a reduction of 10~16 bits reduction compared to the DCI format size of Rel-15 fallback DCI
· Option 2: aligned with Rel-15 fallback DCI
· Option 3: configurable DCI size with the limitation as below  
· Minimum DCI size should target 10~16 bits reduction compared to the DCI format size of Rel-15 fallback DCI
· Maximum size should be equal to the DCI format size of Rel-15 fallback DCI
· Option 4: DCI with 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)
· Option 5: no introduction of new DCI format due to this SI

Several other open issues remain for DL control enhancements including the UE capability for PDCCH monitoring. This contribution considers the DCI format design and other issues for DL control enhancements in NR URLLC [1]. 


PDCCH for URLLC
DCI Formats
The design requirements of DCI formats for URLLC were extensively discussed in RAN1 NRAH#1801. In summary, a DCI format should fulfill associated scheduling objectives for a wide variety of currently identified URLLC services (variable latency and/or reliability targets) and also offer forward compatibility. Additionally, a DCI format should be able to address all NR numerologies. These considerations imply that hard-coding of DCI format fields should be avoided. Also, specification and deployment complexity where adjustments to DCI format field sizes are made when other fields are added/removed should also be avoided. Some examples for the need of flexible DCI format design include:
a) Scheduling timings or HARQ-ACK timings can be in symbols for 15 kHz SCS but can be in slots for 60 kHz SCS, particularly considering TDD operation
b) Need for a DAI field depends on latency requirement, SCS, and TDD operation 
c) Number of HARQ processes and number of RVs depends on the application, the TBS, the target code rate/BLER, etc.
d) MCS range depends on the application (TBS, BLER target) 
e) Whether or not FH is used can be either semi-statically configured or dynamically indicated given that URLLC PDSCH/PUSCH transmissions are wideband and that channel estimation accuracy depends on the SINR
f) Depending on enhancements on UL power control, TPC command may need to have variable number of bits
g) Other fields that are already configurable from Rel-15 and fields associated with time/frequency domain resource allocation granularity 

Option 1 considers a fixed DCI format size targeting a reduction of 10~16 bits compared to the Rel-15 fallback DCI format size. Clearly, this cannot offer a solution for all possible deployments and additionally support inclusion of fields that do not exist in the Rel-15 fallback DCI format such as MIMO-related fields from the non-fallback DCI format. As previously mentioned, sizing and resizing of fields depending on the ones included in the DCI format is pointless and should be avoided for simple specification/implementation.

Option 2 is similar to option 1 with the only difference being that the Rel-15 fallback DCI format size is maintained. Therefore, option 2 practically inherits all drawbacks of option 1 while also not offering any link budget gains. One argument for option 2 has been that no link budget gains are needed for URLLC because an aggregation level of 16 CCEs can achieve a 10-6 BLER. This argument is equivalent to saying that no fallback DCI format was needed in LTE/NR Rel-15 or that no reduced DCI format size was needed for eMTC/NB-IoT because coverage could be met with the Rel-8 fallback DCI format and a larger number of repetitions. In fact, also considering the shortest latency requirements, not enabling a compact DCI format size for URLLC would result to an even worse design than not having a fallback DCI format in Rel-15 or not having a compact DCI format in LTE eMTC/NB-IoT. Another argument for option 2 has been the limit of 3 DCI format sizes that can be monitored by a Rel-16 UE supporting both eMBB and URLLC. This limit was introduced to comply with ongoing Rel-15 UE implementations and is not strictly needed for Rel-16 UEs supporting both eMBB and URLLC. Nevertheless, with a configurable DCI format size for URLLC, the number of DCI format sizes a UE needs to decode at a given PDCCH monitoring occasion is a simple gNB implementation issue and the previous argument is therefore inapplicable.  

Option 3 solves most drawbacks of options 1 and 2 but places an artificial/arbitrary upper limit for the DCI size which will then require unnecessary specification/implementation complexity. 

Option 5 has all drawbacks of the previous options and, in addition, whenever a field that does not exist in the fallback DCI format needs to be used, the non-fallback DCI format is the only choice. 
 
Option 4 satisfies all design considerations and offers the simplest specification/implementation. 

Proposal 1: Rel-16 URLLC support a DCI format with configurable sizes for some fields
· The maximum DCI format size can be larger than Rel-15 fallback DCI format size
· The minimum DCI format size targets a reduction of 10~16 bits relative to the Rel-15 fallback DCI format size
· The DCI format size can be aligned with the Rel-15 fallback DCI format size (with zero padding, if any)


Possible fields with configurable size can practically include all fields. Details for the fields that can be included in the DCI format for Rel-16 URLLC and for their sizes can be left for the WI phase, similar to Rel-15. The Rel-15 fallback DCI format fields can be a starting point and additional fields, such as MIMO-related ones, from the Rel-15 non-fallback DCI format can be considered. 

In addition to the PDCCH link budget and detection reliability, if multiple UEs need to be scheduled at a same time, the PDCCH capacity and blocking probability become the bottleneck. Although a reduced DCI format size can help, its impact is rather marginal and solutions that completely eliminate the problem are needed. 

One such solution is the support of a broadcast/multicast DCI format to address cases where ommon data needs to be transmitted to multiple UEs, such as for example for a grid or machinery failure. Similar to LTE, the specification/implementation complexity is expected to be trivial and mainly involved an additional RNTI. 

Another approach is to have triggered PDSCH receptions and PUSCH transmissions. This is particularly suitable for the applications requiring extreme reliability requirements that are also associated with small TB sizes and for which link adaptation based on small time-scale CSI feedback can actually be detrimental or even infeasible if the shortest latency is also required. The eMBB solution for similar cases is SPS PDSCH/PUSCH but this is inefficient for sporadic traffic. Triggered PDSCH transmissions or PUSCH receptions using a UE-group common DCI format and with RRC configured parameters can be a supplementary solution for the network to use in case it needs to simultaneously schedule multiple UEs and has minimal impact on UE complexity. For UEs supporting both eMBB and URLLC services (AR/VR), triggered PDSCH/PUSCH can avoid increasing UE complexity as a single PDCCH can schedule multiple UEs (no need to increase PDCCH candidates or non-overlapping CCEs). Latency may also be reduced for PDCCH processing as DCI format parsing is not needed.
  
Proposal 2: Support multicast scheduling by introducing a corresponding RNTI.

Proposal 3: Support triggered PDSCH receptions and PUSCH transmissions with RRC-configured parameters.


UE Capability for PDCCH monitoring 
UEs that support only URLLC services can be expected to monitor a single DCI format in the USS. Increasing the maximum number of PDCCH candidates per slot, compared to Rel-15 for the corresponding SCS [2], is unnecessary. A reduction should instead be considered to reduce complexity for such machine-type UEs. 
 
Proposal 4: Consider reducing the maximum number of monitored PDCCH candidates per slot for a UE supporting only Rel-16 URLLC services relative to a Rel-15 UE. 

In Rel-16, for UEs that support both eMBB and URLLC services, the URLLC service is AR/VR and it requires 1 ms air interface latency and the largest reception reliability (10-5 BLER) for the smaller TB sizes (e.g. 32 bytes) [1]. The larger latency requirements (7 ms) for the larger TB sizes (4096 and 10K bytes) can be met with Rel-15 operation and so can the smaller ones (1 ms) for large SCS (e.g. 60 kHz or larger). For small SCS (15/30 kHz), triggered PDSCH/PUSCH can avoid increasing UE complexity without any material disadvantage. This is because, for the small TB sizes requiring the largest reception reliability, short-term link adaptation is not only unnecessary (e.g. due to additional CSI-RS/PUCCH overhead) but, due to the additional latency, interference variations, and the potential CSI measurement/reporting errors for which there is much smaller tolerance than for eMBB, it is also likely to be detrimental. 
     
Observation 1: Triggered PDSCH/PUSCH using UE-group common PDCCH and RRC configured parameters similar to SPS PDSCH/PUSCH suffice for AR/VR services and operation with small SCS. Increasing the maximum number of monitored PDCCH candidates per slot compared to Rel-15 is not necessary for operation with any SCS. 

The maximum number of non-overlapping CCEs per slot from Rel-15 is a more difficult limit to maintain than the maximum number of monitored PDCCH candidates per slot. Triggered PDSCH/PUSCH transmissions together with proper configuration by the gNB can minimize a potential increase. Similar to the maximum number of PDCCH candidates, an increase for SCS of 60 kHz or larger is not necessary (and it is challenging for the UE implementation). 

Figure 1 shows an example for a gNB configuration to a UE for PDCCH monitoring occasions in a slot for 15 kHz SCS. The UE is configured one CORESET over 48 RBs and 2 symbols. This is sufficient for operation in a 10 Mhz BWP and to provide a PDCCH candidate with aggregation level of 16 CCEs. For the search space sets, the UE is configured a monitoring pattern every 2 symbols within the slot for the CORESET starting from the first symbol. With wideband RS (i.e. precoderGranularity = allContiguousRBs), the UE can combine after descrambling the DMRS in the two symbols of the CORESET before filtering in the frequency domain (single channel estimate) as the time variation over 2 adjacent symbols is negligible. The total number of non-overlapping CCEs is 56 (as in Rel-15). Nevertheless, for UEs supporting both eMBB and URLLC traffic, an increase in the maximum number of non-overlapping CCEs per slot is unavoidable if the UE is to be configured with multiple CORESET for eMBB traffic and/or if UL cancellation of eMBB PUSCH transmissions is introduced using a PDCCH. For UEs supporting only URLLC traffic, an increase in the maximum number of non-overlapping CCEs per slot is less motivated. 
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Figure 1: PDCCH monitoring in a CORESET of 2 symbols and 48 PRBs every 2 symbols of a slot.

Proposal 5: Further consider during the WI phase an increase in the maximum number of non-overlapping CCEs per slot for SCS of 15/30 kHz at least for UEs supporting both eMBB and URLLC services.


Conclusions
This contribution considered aspects related to DL control signaling for Rel-16 URLLC and proposes the following.

Proposal 1: Rel-16 URLLC support a DCI format with configurable sizes for some fields
· The maximum DCI format size can be larger than Rel-15 fallback DCI format size
· The minimum DCI format size targets a reduction of 10~16 bits relative to the Rel-15 fallback DCI format size
· The DCI format size can be aligned with the Rel-15 fallback DCI format size (with zero padding, if any)

Proposal 2: Support multicast scheduling by introducing a corresponding RNTI.

Proposal 3: Support triggered PDSCH receptions and PUSCH transmissions with RRC-configured parameters.

Proposal 4: Consider reducing the maximum number of monitored PDCCH candidates per slot for a UE supporting only Rel-16 URLLC services relative to a Rel-15 UE. 

Proposal 5: Further consider during the WI phase an increase in the maximum number of non-overlapping CCEs per slot for SCS of 15/30 kHz at least for UEs supporting both eMBB and URLLC services.


In addition, the following observation is made.

Observation 1: Triggered PDSCH/PUSCH using UE-group common PDCCH and RRC configured parameters similar to SPS PDSCH/PUSCH suffice for AR/VR services and operation with small SCS. Increasing the maximum number of monitored PDCCH candidates per slot or the maximum number of non-overlapping CCEs per slot compared to Rel-15 is not necessary for operation with any SCS. 
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