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1 Introduction
In this contribution, we discuss the remaining issues on DCI contents and formats, including

· Number of valid DCI in a slot
· DCI size budget
· DCI format 0_0/1_0 to another BWP other than the size-defining BWP
2 Number of valid DCI in a slot

In TS 38.202, the simultaneous reception of physical channels and physical signals is provided. With this information, the UE knows the combination of physical channels it may need to receive and decode simultaneously. But, there is still no restriction on the maximum number of valid DCI in a slot. Therefore, the UE implementation needs to consider the worst case, i.e., maximum number of DCI and corresponding PDSCH receptions.

Similar as defining the maximum number of BD and CCE for CE to reduce the UE complexity, it is rational to also define the maximum number of valid DCI in a slot, and at lease the following factors should be considered:
· Broadcast DCIs for system information, paging and random access

· UE-group DCIs for slot format indicator, pre-emption indication and power control

· DL/UL UE-specific DCIs in slot-based and non-slot-based scheduling

· DL/UL UE-specific DCIs for cross-carrier scheduling

Taking the UE processing time and complexity into considerations, we propose that the maximum number of valid DCI is 4 for all SCS per slot per carrier when the cross-carrier scheduling is not applied.

Proposal #1: When cross-carrier scheduling is not used, the maximum number of valid DCI is 4 for all SCS per slot per carrier.

3 DCI size budget

In NR PDCCH, the following working assumptions for DCI size budgets were agreed to ease the UE burden on blind decode.
Agreements:

· To 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
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

Agreements:

Confirm the following working assumption:

· (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
To deliver the common message, e.g., system information, paging, etc., to the UEs monitoring the same CORESET without transmitting many duplicated PDCCHs and corresponding PDSCHs, the payload size of DCI format 0_0/1_0 monitored in CSS is given by the initial active DL BWP. Moreover, the payload size of DCI format 0_0/1_0 is also given by the initial DL BWP if the DCI size budget is exceeded. According to the above agreements, the DCI payload sizes for different formats are summarized in Table 1.

Table 1. Payload sizes of DCI formats
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From Table 1, the UE may need to monitor at most a total of 5 DCI sizes in a slot. The DCI sizes including

· Size #1: DCI format 0_0/1_0/2_2/2_3 in CSS and DCI format 0_0/1_0 in USS
· Size #2: DCI format 2_0 in CSS

· Size #3: DCI format 2_1 in CSS

· Size #4: DCI format 0_1 in USS

· Size #5: DCI format 1_1 in USS

As a result, it violates the agreements in RAN1 meetings. When the UE is configured to monitor DCI format 2_0 or 2_1, the payload size for the DCI format is also provided for blind decoding. When the DCI size budget is not fulfilled and UE is configured to monitor DCI format 2_0 and 2_1 with different configured sizes in a slot, one of the following alternatives can be used to solve the problem.

· Alt 1. The UE assumes the payload size used for decoding both DCI format 2_0 and 2_1 is the larger size between the configured payload sizes for DCI format 2_0 and 2_1 in this slot. For example, a UE is configured to monitor DCI format 2_0 and 2_1 with payload size 128 bits and 126 bits, respectively. In Alt 1, in this slot, the UE uses 128 bits to blindly decode both DCI format 2_0 and 2_1. When DCI format 2_1 is detected, the UE truncates the last 2 bits and uses 126-bit bit sequence for DCI content interpretation.

· Alt 2. The UE is not required to monitor DCI format 2_1 in this slot. That is, PDCCH candidates for blindly decoding DCI format 2_1 are dropped in this slot. Without receiving the information carried by DCI format 2_1, the UE may fail to decode PDSCH if there is scheduled data intended to it. In this case, the network can retransmit DCI format 2_1 in the following slots or retransmit the data when receiving the NACK from the UE.
Considering the PDSCH performance, we prefer Alt 1.

Proposal #2: In a slot, when the DCI size budget is exceeded and the UE is configured to monitor DCI format 2_0 and 2_1 with different configured payload sizes within this slot:

· The UE assumes the payload size used for decoding both DCI format 2_0 and 2_1 is the larger size between the configured payload sizes for DCI format 2_0 and 2_1 in this slot.
4 DCI format 0_0/1_0 to another BWP other than the size-defining BWP 
As mentioned in Section 3, the payload size for DCI format 0_0/1_0 in CSS and USS is given by the initial active BWP and active BWP if the DCI size budget is fulfilled, respectively. One of the benefits of having payload size of DCI format 1_0 in CSS determined by initial active DL BWP is that the network can share the common message for UEs monitoring the same CORESET. However, if one UE is configured an active BWP which bandwidth is different from that of initial active BWP, the UE will have trouble in interpreting the frequency domain resource assignment (F-RA) in DCI because the bitfield doesn’t meet the need of that of current active BWP. The following lists the options for solving the issue.
· Alt 1) Zero padding and truncation
This alternative is adopted in BWP switching, the agreements are listed below.

Agreements:

Confirm the following working assumption with updates:

· Sizes of all DCI bitfields in DCI formats 0-1 and 1-1 in USS determined by current BWP. Data transmitted on the BWP indicated by the BWP index. If the BWP index activates another BWP, transform as follows:

· Zero-pad too small bitfields to match the new BWP

· Truncate too large bitfields to match the new BWP
· The truncation is done from MSB (including the bit indicating the resource allocation type)

· Zero-padding is done for MSB
The benefit of using the same alternative, i.e., Alt 1, as that of BWP switching here is that the UE can always have consistent UE behaviour on interpreting the DCI F-RA field. But, padding zero bits in the MSB results in a limitation on the length of scheduled RBs for the frequency domain resource allocation when RA type 1 is used. Figure 1 shows the starting positions and lengths for RA type 1 for zero bits padding in MSB. In the simulation, we assume the initial DL BWP contains 48 PRBs (11 bits) and active BWP includes 275 PRBs (16 bits). From the results, it can be observed that the possible PRB length is very limited, i.e., either smaller than 8 PRBs or larger than 268 PRBs. This will restrict the scheduling flexibility severely. In the BWP switching, it is rational to schedule only few PRBs during BWP switching because no CSI reporting is available for new BWP during switching and the BWP switching may not happen frequently. But, it is common to use DCI format 0_0/1_0 to schedule PUSCH/PDSCH. Therefore, the scheduling constraint due to Alt 1 cannot be acceptable.
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Figure 1. Starting positions and lengths using resource allocation type 1
· Alt 2) RIV is calculated based on initial DL BWP, but the starting position and length are scaled by a factor K

In Alt 2, the RIV is interpreted based on initial DL BWP, and the resulting starting position and length are scaled by a factor K and applied to active BWP. Compared with Alt 1, more combinations of starting position and length are supported in this alternative. But considering the UE implementation complexity, it is better to have limited number, e.g., 8 values, on scaling factor K, that is, the scaling factor K is not an arbitrary value.
Since Alt 2 has higher scheduling flexibility, we prefer it and propose

Proposal #3: When the DCI format 0_0/1_0 is not transmitted in the size-defining BWP, the UE interprets the frequency domain RA field of DCI by calculating RIV based on size-defining BWP with starting position and length scaled by K
5 Conclusions

In this paper, we discuss the remaining issues in DCI contents and formats, and the proposals are listed as follows.
Proposal #1: When cross-carrier scheduling is not used, the maximum number of valid DCI is 4 for all SCS per slot per carrier.

Proposal #2: In a slot, when the DCI size budget is exceeded and the UE is configured to monitor DCI format 2_0 and 2_1 with different configured payload sizes within this slot:

· The UE assumes the payload size used for decoding both DCI format 2_0 and 2_1 is the larger size between the configured payload sizes for DCI format 2_0 and 2_1 in this slot.
Proposal #3: When the DCI format 0_0/1_0 is not transmitted in the size-defining BWP, the UE interprets the frequency domain RA field of DCI by calculating RIV based on size-defining BWP with starting position and length scaled by K
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