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Introduction
In Rel-16 eURRLC, the agenda item PDCCH enhancements for eURLLC addresses Rel-16 uplink and downlink DCI format design and Rel-16 PDCCH monitoring enhancements necessary for enhanced URLLC and IIOT operation.
In this contribution, we discuss the open issues from RAN1 #101-bis-e related to increased PDCCH monitoring capability and provide possible solutions to complete the PDCCH enhancement design.
Capability Scaling for Carrier Aggregation 
In RAN1 #100-e [2] and RAN1 #101-bis-e [3], there were extensive discussions on how to handle the CA case when the reported capability is less than the actual configured number of CCs. An agreement on the definition of aligned and non-aligned spans was made with an associated TP [4] that was captured in 38.213 [5].  The agreements were as follows [1]:

	Agreements:
If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than non-overlapping CCEs for any set of spans across the active DL BWP(s) of scheduling cell(s) from the downlink cells if the spans on different downlink cells from the  downlink cells are not aligned, with at most one span per scheduling cell for each set, where

· is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
· If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by . 
· The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of  , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.   

Agreements:  Spans on cells from the  downlink cells are considered as aligned if the union of PDCCH monitoring occasions on all the cells results to PDCCH monitoring according to the combination  ; Otherwise, they are considered as not aligned.





In the email discussion, it was observed that the although the definition of the aligned and non-aligned spans was accurate for most of the scenarios discussed, there was a corner case that resulted in an inaccurate classification. This is illustrated below in Figure 1. 
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[bookmark: _Ref40416198]Figure 1: Aligned/Non-aligned Span Corner Case
As observed during the email discussion for the approval of the TP, the scenario in Figure 1would result in a classification as aligned even though the spans on the two CCs are visually unaligned and use of the aligned definition for estimating the CA limits could result in aggressive limits for the UE. As suggested by Intel, a more appropriate definition could be as follows:
“per span on the active DL BWP(s) of all scheduling cell(s) from the    downlink cells, if the union of PDCCH monitoring occasions any pairs of spans on all scheduling cells from the     downlink cells are within a same set of up to  consecutive Y symbols, or have first symbols separated by at least X  symbols results to PDCCH monitoring according to the combination

Proposal 1: Modify the aligned/non-aligned span definition to account for all known cases. 

For the M-TRP system, the equation for estimating can be extended in a simple manner to incorporate the possibility of a cell configured in the multi-DCI mode.

If a UE is configured with  downlink cells, for the UE to determine UE capability pdcch-BlindDetectionCA, the number of supported serving cells for PDCCH monitoring per slot is  , where indicates the number of cells for single-DCI or single-TRP mode,   indicates the number of cells for multi-DCI mode and  is derived from a variable, R, a UE capability with R = 1 (single DCI TRP operation) or 2 (multi-DCI TRP operation). The maximum number of total PDCCH candidates and non-overlapped CCEs are scaled by r times compared to Rel-15 per cell for the   cells, i.e. the cells with multi-DCI multi-TRP operation.

In a multi-DCI M-TRP system, for     downlink cells, if a UE is configured with  , (where Z is a pre-defined limit,  e.g. 4),  with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, the UE is not required to monitor more than   non-overlapping CCEs per span on the active DL BWP(s) of scheduling cell(s) from the  downlink cells, where
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Proposal 2: The capability scaling for Carrier Aggregation when the reported capability is less than the actual configured number of CCs should be extended to the multi-TRP case. 

DCI Size Alignment
In RAN1 #100-e, there were extensive discussions on extending DCI size alignment in TS 38.212 based on the introduction of the new DCI formats 0_2 and 1_2. However, in RAN1 #100-bis-e, the discussions were postponed due to the heavy workload.

From the discussions, two main options were introduced with the key ideas of each option as follows:

Option 1: Support zero padding in the same manner as Rel-15.
Option 2: Given that DCI format x_2 is configurable, it is feasible that the gNB handle the configuration.
Option 3: Compromise  

From our point of view, we agree with the cons identified by the FL that Option 1 may place an undue burden on the UE implementation for a feature that can be very simply handled by the gNB and as such we support Option 2  as follows:

· A UE is not expected to monitor a first decoding candidate with DCI format 0_0/1_0  and a second candidate with DCI format 0_2/1_2, where the two decoding candidates are mapped to the same resource and the DCI formats 0_0/1_0 and 0_2/1_2 have the same size.  
· A UE is not expected to monitor a first decoding candidate with DCI format 0_1/1_1  and a second candidate with DCI format 0_2/1_2, where the two decoding candidates are mapped to the same resource and the DCI formats 0_1/1_1 and 0_2/1_2 have the same size.  

Proposal 3:
For DCI size alignment with the introduction of the new DCI formats:
· A UE is not expected to monitor a first decoding candidate with DCI format 0_0/1_0  and a second candidate with DCI format 0_2/1_2, where the two decoding candidates are mapped to the same resource and the DCI formats 0_0/1_0 and 0_2/1_2 have the same size.  
· A UE is not expected to monitor a first decoding candidate with DCI format 0_1/1_1  and a second candidate with DCI format 0_2/1_2, where the two decoding candidates are mapped to the same resource and the DCI formats 0_1/1_1 and 0_2/1_2 have the same size.  

In offline discussions with companies, it also appears that different companies have different understandings concerning the DCI size alignment procedure in Rel-15:
· Understanding 1: DCI size alignment is performed over all search spaces configured at a BWP and across all slots, then for a given DCI format at a given search space, the DCI size is the same across slots;
· Understanding 2: DCI size alignment is performed on a slot by slot basis  over search spaces present in each slot, then for a given DCI format at a given search space, the DCI size may vary across slots.

We have checked the discussion history on DCI size alignment in Rel-15:

At RAN1 NR Ad Hoc meeting in Jan. 2018, the following working assumptions were reached:

Agreements: For one carrier:
· (working assumption) Payload sizes for 2-2 and 2-3 are padded (if needed) to match the size of formats 0-0/1-0 as defined by the initial BWP
· (working assumption) At most 4 different DCI sizes are monitored by the UE per slot
· At most 3 different DCI sizes are monitored per C-RNTI per slot
· Payload size for formats 0-1 and 1-1 may differ

Working assumption:
· The number of bits in the resource allocation field for format 0-0 and 1-0 depends on search space:
· In CSS(s) in CORESET 0, use initial DL BWP for DCI size determination and RB numbering
· FFS If a UE monitors 0-0/1-0 in CSS in CORESET 0 in a slot, it does not monitor formats 0-0 or 1-0 (or 2-x family in case they have a size aligned with 0-0/1-0) in any other search space
· Otherwise, use active BWP for DCI size determination and RB numbering

At RAN1 #92, the following were reached:
Agreement: Above working assumption is replaced by the following:
· When monitoring for DCI in a BWP, the size of DCI format 0-0/1-0 is given by
· For format 0-0/1-0 (regardless of RNTI) in CSS, the size is given by the initial DL BWP
· For format 0-0/1-0 in USS, the size is given by the active BWP as long as the DCI size budget is fulfilled 
· FFS: Otherwise, for format 0-0/1-0, the size is given by the initial DL BWP
· FFS: how to meet the C-RNTI size and DCI size budget per slot
· align 0-1 and 1-1
· configure active BWP such that the DCI size is the same as of the initial BWP
· do not configure 0-1 and 1-1
· do not configure 0-0/1-0 in USS
· other are not precluded
· FFS: for format 0-0/1-0, how to interpret the frequency-domain field in a DCI with a size defined from a BWP with a different size than the BWP it is applied to

At RAN1 #92bis, the following were reached:

Agreement:
· Confirm the following working assumption:
· (working assumption) At most 4 different DCI sizes are monitored by the UE per slot
· At most 3 different DCI sizes are monitored per C-RNTI per slot
Conclusion:
· It is understood that DCI sizes to monitor do not vary dynamically from slot-to-slot (other than impact due to BWP switching) but are based on RRC configuration, CSS vs. USS, and/or active BWP.

Agreements:
· To confirm the following working assumption with update
Working assumption:
· When monitoring for DCI in a BWP, the size of DCI format 0-0/1-0 is given by
· For format 0-0/1-0 (regardless of RNTI) in CSS, the size is given by the initial DL BWP
· For format 0-0/1-0 in USS, the size is given by the active BWP as long as the DCI size budget is fulfilled 
· FFS: Otherwise, for format 0-0/1-0, the size is given by the initial DL BWP

From the discussion history, it can be seen while the early working assumptions might leave a room for different readings on how to ensure at most 4 DCI sizes are monitored by a UE per slot:
· DCI size alignment is per slot, the limit is checked and met on a slot by slot basis;
· DCI size alignment is per BWP, the limit is checked and met by examining all search spaces and across slots, and consequently there are at 4 DCI sizes per slot;

The conclusion from RAN1 #92bis indicates unambiguously that DCI size alignment is not performed on a slot-by-slot basis (otherwise DCI sizes to monitor can vary dynamically from slot to slot).  We conclude previous RAN1 decisions support the position that DCI size alignment is conducted for a BWP across slots rather than on a slot-by-slot basis. To facilitate discussion on DCI size alignment, we have

Proposal 4: Note it in the chairman’s notes that DCI size alignment is conducted for search spaces in a BWP across slots rather than on a slot-by-slot basis.  
Conclusion
In this contribution, we discussed the remaining issues for PDCCH enhancements in R16 eURLLC. Based on the discussion, the following proposals have been made:
Proposal 1: Modify the aligned/non-aligned span definition to account for all known cases. 

Proposal 2: The capability scaling for Carrier Aggregation when the reported capability is less than the actual configured number of CCs should be extended to the multi-TRP case. 

Proposal 3:
For DCI size alignment with the introduction of the new DCI formats:
· A UE is not expected to monitor a first decoding candidate with DCI format 0_0/1_0  and a second candidate with DCI format 0_2/1_2, where the two decoding candidates are mapped to the same resource and the DCI formats 0_0/1_0 and 0_2/1_2 have the same size.  
· A UE is not expected to monitor a first decoding candidate with DCI format 0_1/1_1  and a second candidate with DCI format 0_2/1_2, where the two decoding candidates are mapped to the same resource and the DCI formats 0_1/1_1 and 0_2/1_2 have the same size.  
Proposal 4: Note it in the chairman’s notes that DCI size alignment is conducted for a BWP across slots rather than on a slot-by-slot basis.  
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