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Introduction
In RAN1 Ad-Hoc 1901 meeting, the following agreements were made on PDCCH enhancements for NR URLLC [1]:
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
· Note: The DCI format may be impacted by other objectives in this study item and/or the following work item, e.g. PDCCH repetition mechanism and/or UCI enhancement, or may be impacted by objectives in other study item and/or work item, e.g. multi-TRP transmission from Rel-16 work item   
Conclusion:
· PDCCH repetition is not considered further in this study item

In this contribution, we discuss further issues on PDCCH enhancements for URLLC. This contribution is a revision of R1-1900686.

Discussion
New DCI format for URLLC
In this section, we present our preference on the listed options for the URLLC DCI format size and provide a bit more details on the preferred option.
In the Ad-Hoc 1901 meeting, it was agreed to support potential size reduction of some fields for URLLC DCI compared to Rel-15 DCI. Consequently, there will be a new DCI payload composition and interpretation, and its outcome would be the introduction of a new DCI format (note that it was agreed in RAN1 #95 that there will be no change of DCI format 0_0/1_0 in CSS). Therefore, Option 5 is inconsistent with the agreement and can be safely removed from the table. Secondly, given the results of extensive simulation campaigns and follow-up observations until the last meeting, it is hard to motivate to support Option 1 (original proposal of compact DCI) considering its impact on BD complexity and potential specification work to resolve it together.
Different from Option 1, Option 2, 3, & 4 can support configurable DCI field sizes. While in Option 2 the DCI size is aligned all the time with Rel-15 fallback DCI by padding zero(s), Option 3 & 4 do not apply zero padding from which increased coding gain can be appreciated. As a result, they can have various DCI sizes (with 1-bit granularity).
Comparing Option 2 & 3, the only benefit of Option 3 over Option 2 is potential (small) PDCCH decoding performance gain from payload size reduction under a certain condition (e.g., when Option 2 pads a large number of zeros). In addition, Option 3 is a subset of Option 4, and there seems no harm to have Option 4 comparing with having Option 3. Therefore, in our view Option 3 is worse than Option 2 & 4.
One issue with Option 2 is that it necessitates a mechanism to distinguish multiple DCI formats of the same size at the UE side. However, the same issue may hold in Option 4 (& 3) since it also allows the same DCI size as Rel-15 fallback DCI. Some manners to avoid the same size case in Option 4 can be considered (e.g., padding a zero to one side as was done in Rel-15 between fallback DCI and non-fallback DCI), but this may bring other issues. Therefore it can be argued that Option 2 is much simpler than Option 4 since there is no need to treat additional DCI size. Another benefit of Option 2 over Option 4 (& 3) is that the URLLC DCI can be used during RRC reconfiguration depending on the design. With Option 4, the DCI payload size may change by RRC reconfiguration. Thus, the Rel-15 fallback DCI should replace the URLLC DCI during the reconfiguration period, which may degrade the performance of the data channel and may even make it difficult to guarantee the reliability in some condition.
One potential advantage of Option 4 over Option 2 is that it supports DCI size larger than Rel-15 fallback DCI. However, removing or reducing redundant bits in some fields can leave sufficient room to define necessary fields required for URLLC improvement. Therefore, it is questionable if such larger DCI size is necessary for Rel-16 URLLC.
Based on the arguments above, it is proposed to choose Option 2 for the DCI design for Rel-16 URLLC.
Proposal 1: Down-select to Option 2 for the DCI format size for Rel-16 URLLC.

For Option 2 (and probably also for Option 3 & 4), a new RNTI can be provided to differentiate the pairs of DCI formats having the same size. On the other hand, in the late Rel-15, a new C-RNTI, i.e., MCS-C-RNTI, was introduced to support dynamic MCS table indication. Therefore, one option for the new URLLC RNTI is reusing the MCS-C-RNTI. However, a consequence of this option is that the scheduling from the URLLC DCI should be always based on the URLLC MCS table, which may degrade the SE for high-geometry UEs. Also, this fixed coupling is not desirable in terms of future proof design, i.e., there may be many use cases not yet identified each requiring different requirements. So our preference is to define a new RNTI, e.g., 2nd C-RNTI, on top of the current C-RNTI for somewhat general purpose. The mapping between a RNTI and a set of functionalities, e.g., DCI differentiation, MCS table indication, transmission prioritization, etc., can be decided by the gNB depending on situations.
Proposal 2: The new RNTI can be used for multiple purposes. The mapping relation between a RNTI and a set of functionalities can be configured by the gNB.

When the new RNTI is configured to UE, the UE may not need to monitor both C-RNTI and the new RNTI in every search space all the time. For example, URLLC transmission can take place only on a certain search space in a certain bandwidth part. In this case, the UE is required to monitor only that search space using the new RNTI when the associated bandwidth part is active. To support this kind of flexibility, it should be allowed to associate the scheduling RNTIs to search space(s). Note that if the UE monitors both RNTIs in every search space, it may unnecessarily increase the PDCCH false alarm rate.
Proposal 3: A scheduling RNTI can be associated with search space(s) where it is to be monitored.

Increased PDCCH monitoring capability
The maximum numbers of PDCCH candidates and CCEs per slot were defined in Rel-15 NR to prevent unrealistic PDCCH monitoring configuration. However, the current PDCCH monitoring capability is not sufficient especially when the subcarrier spacing is small. For example, the BD and the CCE limits for 15kHz subcarrier spacing are 44 and 56, respectively. If we assume 7 non-overlapping monitoring occasions in a slot for a USS supporting URLLC scheduling (as in Fig. 1) each of which having 16 CCEs, then the total number of CCEs becomes 7*16=112, which is the double number of the allowed capability. In our view, 16 CCEs per each monitoring occasion is not an over-allocation considering various Rel-16 URLLC requirements, i.e., reliability and latency, potentially large packet size, and potentially large number of UEs, various cell layouts, etc. Therefore, the limit should be increased at least for 15kHz subcarrier spacing if we want support URLLC based on 15kHz. The problem is less severe for 30kHz but it still requires some enhancement.

       
Fig. 1. An example of SS set configuration
There are two options for enhancement of the PDCCH monitoring capability. The first option is to increase the maximum numbers of BDs and CCEs, e.g., to double the BD limit (2*44=88) and the CCE limit (2*56=112). The second option is to reduce the applied time duration, e.g., from one slot to a half-slot. Both examples double the BD and CCE limits, but the second option is preferable as it may relieve the UE processing complexity.
Proposal 4: Support the following PDCCH monitoring capability: the maximum numbers of PDCCH candidates and CCEs in the current specification are allowed per a half-slot with the numbers unchanged.

As shown in Fig. 2, a PDCCH monitoring occasion may cross a half-slot boundary. How to count the BDs and CCEs of this monitoring occasion needs to be handled if the second option is adopted. For simplicity, UE may not expect this case, at the expense of losing some additional transmission flexibility (already a PDCCH monitoring occasion cannot cross the slot boundary). Alternatively, the PDCCH candidates and CCEs in that monitoring occasion can be counted in one of the two half-slots. Considering that the CSS set(s) consumes some numbers usually in the first half-slot, it would be beneficial for the BDs and CCEs at the boundary to be counted in the second half-slot.


Fig. 2. A PDCCH monitoring occasion crossing a half-slot boundary
Even if the PDCCH monitoring capability is enhanced, there still is a possibility that PDCCH candidates in a USS set for URLLC are dropped by the priority rule. Therefore, the PDCCH candidate mapping based on service priority can be considered to guarantee the monitoring for the URLLC DCI reception. For example, the DCI format or RNTI for URLLC can be prioritized over that of eMBB. This type of prioritization may be applied on top of the existing mapping rule based on SS set ID. Details may depend on the outcome of the compact DCI discussion.
Observation 1: Even if the PDCCH monitoring capability is enhanced, there still is a possibility that PDCCH candidates in a USS set for URLLC are dropped by the priority rule.
Proposal 5: Consider the PDCCH candidate mapping based on service priority.

Conclusion
In this contribution, we provide our view on PDCCH enhancements for NR URLLC, from which the following observation and proposals are drawn:
Proposal 1: Down-select to Option 2 for the DCI format size for Rel-16 URLLC.
Proposal 2: The new RNTI can be used for multiple purposes. The mapping relation between a RNTI and a set of functionalities can be configured by the gNB.
Proposal 3: A scheduling RNTI can be associated with search space(s) where it is to be monitored.
Proposal 4: Support the following PDCCH monitoring capability: the maximum numbers of PDCCH candidates and CCEs in the current specification are allowed per a half-slot with the numbers unchanged.
Observation 1: Even if the PDCCH monitoring capability is enhanced, there still is a possibility that PDCCH candidates in a USS set for URLLC are dropped by the priority rule.
Proposal 5: Consider the PDCCH candidate mapping based on service priority.
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