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

· DCI bitfields interpretation during BWP switch
· DCI format 0_0/1_0 to another BWP other than the size-defining BWP


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

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 1_0/0_0 monitored in CSS is given by the initial active DL BWP. The agreements including

Agreements:
· 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:
· DCI formats 0-0/1-0, 0-1, and 1-1 can have different sizes. 

· DCI formats 0-1 and 1-1 can be received in USS only. The size is determined by the active BWP.

According to the agreements in RAN1 meetings, 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, it can be observed that the UE may need to monitor at most 4 DCI sizes for C-RNTI and a total of 6 DCI sizes in a slot. The DCI sizes including

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

· Size #2: DCI format 2_0 in CSS

· Size #3: DCI format 2_1 in CSS

· Size #4: DCI format 0_0/1_0 in USS

· Size #5: DCI format 0_1 in USS

· Size #6: DCI format 1_1 in USS

As a result, it violates the working assumptions in RAN1 meetings. In the following, we discuss the DCI size budget separately for C-RNTI and DCI size budget regardless of RNTI type.
Issue #1: Monitored DCI size more than 3 for C-RNTI in a slot:

The DCI size budget for C-RNTI is exceeded when a UE is configured to monitor DCI format 0_1/1_1 in USS, DCI format 0_0/1_0 in CSS, and DCI format 0_0/1_0 in USS. No matter DCI format 0_0/1_0 is transmitted in CSS or USS, it can be used to schedule UE-specific data. However, compared with DCI format 0_0/1_0 in USS, the DCI format 0_0/1_0 in CSS can also transmit the common message, e.g., system message. And compared with DCI format 0_0/1_0, the DCI format 0_1/1_1 allows to schedule PDSCH to UEs with advanced MIMO schemes or features. Consequently, it is reasonable to keep DCI format 0_0/1_0 in CSS for transmitting both common message and UE-specific data and DCI format 1_0/1_1 for supporting advanced NR functionalities. Figure 1 depicts the example. Assume that a UE is configured to monitor DCI format 0_0/1_0 in CSS, DCI format 0_0/1_0 in USS and DCI format 1_0/1_1 in USS per 10 slots, per 5 slots and per slot, respectively. Based on above discussions, the UE is not required to monitor DCI format 0_0/1_0 in USS in slot #0, #10, #20, and so on.
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Figure 1. Illustration of Proposal#1

Proposal #1:

· Within a slot, when a UE is configured to monitor DCI format 0_0/1_0 in USS, DCI format 0_0/1_0 in CSS, and DCI format 1_0/1_1 in USS, the UE is not required to monitor DCI format 0_0/1_0 in USS in this slot.
Issue #2: Monitored DCI size more than 6 (regardless of RNTI) in a slot:

When a UE is configured to monitor DCI format 2_0 and 2_1, the network also configures the corresponding DCI payload sizes for UE blind decodes. The payload sizes for DCI format 2_0 and 2_1 are configured separately by UE-specific RRC signaling and they can be the same or different. When the DCI size budget is exceeded in one slot, and the UE is configured to monitor DCI format 2_0 and 2_1 with different configured payload sizes within this slot. One of the following alternatives can be used to reduce the number of monitored DCI sizes.

· 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.

By using Proposals #1 and #2, the DCI size budget defined in NR DL control channel can be fulfilled.


3. Interpretation of the DCI fields during BWP switching
In this section, we discuss the interpretation of the DCI fields during BWP switching. In RAN1 NR AH1801 meeting [1], four options has been discussed. 
· Option 1

· DCI information relates to current BWP. DCI size determined by current BWP. PDSCH is received in current slot (or later slot in case of cross-slot scheduling)

· If BWP index differs from current BWP, then a new BWP is activated X us later (X depends on the BWP transition latency and possibly K0)

· A future DCI in the new BWP can schedule data using the new BWP

· Option 3b

· Sizes of all DCI bitfields 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

· Option 3c

· Sizes of all DCI bitfields 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

· Note: It is assumed that it is possible to switch BWP without scheduling data, e.g.  by scheduling using a null assignment

· Option 4

· If the UE is supposed to switch BWP no payload is scheduled

For option 1, BWP index in the DCI indicates the new BWP but the scheduling information applies to current BWP. That is, to change the active BWP the gNB need to schedule data transmission in the current BWP. If there is no data to be scheduled then the active BWP can never be changed. For option 4, since there is no data scheduled, it leads to a degradation in spectral efficiency. For option 3b and option 3c, when the DCI schedules the transmission in the new BWP and the size of the DCI field in the current BWP is different from that in the new BWP, following rules are applied
· The DCI field in the current BWP has a size larger than that in the new BWP

In this case, truncation is used. That is, the field used for the scheduled BWP can be obtained by extracting the LSB of the corresponding field in the scheduling DCI. In this case there is no performance loss because all the possible scheduling combinations can be signaled by the scheduling DCI. For example, suppose the frequency-domain resource assignment in the old BWP has 16 bits and the frequency-domain resource assignment in the new BWP has 11 bits. Then the 11 bit used for indicating the frequency-domain resource assignment in the new BWP can be put in the LSB of the frequency-domain resource assignment field (16 bits) in the scheduling DCI.
· The DCI field in the current BWP has a size smaller than that in the new BWP

In this case, padding is used. That is, the field used for the scheduled BWP can be obtained by padding zeros in the LSB or MSB of the corresponding field in the scheduling DCI. In this case the number of the scheduling combinations is limited because some bits in the field are fixed. For example, suppose the frequency-domain resource assignment in the old BWP has 11 bits and the frequency-domain resource assignment in the new BWP has 16 bits. Then the 16 bit used for indicating the frequency-domain resource assignment in the new BWP can be obtained by padding zeros in the LSB or MSB of the frequency-domain resource assignment field (11 bits) in the DCI. 
For Frequency-domain resource assignment, padding zero bits in the MSB results in a limitation in the length of the scheduled RBs for the frequency domain resource allocation when resource allocation type 1 is used. For example, Figure 2 show the starting positions and lengths for resource allocation type 1. Figure 2(a) and (b) show the case when zero bits are, respectively, padded in MSB and LSB. In the simulation we assume the current BWP contains 48 PRBs (11bits) and the new BWP contains 275 PRBs (16bits). From the results we can see that when the bits are padded in MSB, the possible PRB length is very restricted, i.e., either smalle than 8 PRBs or larger than 268 PRBs. When the bits are padded in LSB, the range of the possible PRB length is much wider, i.e., from 1 to 270 PRBs. Thus for frequency-domain resource assignment, zero bits should be padded in LSB. For the other DCI fields, padding zero bits in the MSB or LSB can be considered.
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Figure 2. Starting positions and lengths using resource allocation type 1: (a) padding MSB (b) padding in LSB.
· For option 3c, no data can be scheduled for the new BWP. This can be achieved by signaling all zero bits in the frequency resource allocation.
When the DCI field in the current BWP has a smaller size, the consequence by applying option 3b and option 3c is the limitations on the number of possible scheduling combinations. For the following fields, although the number of scheduling combination is limited, the communication between gNB and UE still works fine without significant performance loss.
· Frequency-domain resource assignment
· Time-domain resource assignment
· VRB-to-PRB mapping

· PRB bundling size indicator

· ZP CSI-RS trigger

· Modulation and coding scheme/New data indicator/Redundancy version 

· Antenna ports

· Transmission configuration indication

· Frequency hopping flag

· Precoding information and number of layers

· CSI request

· PTRS-DMRS

· Beta_offset

· DMRS sequence initialization
However, for rate matching indicator, the limitation in the number of scheduling combination may cause wrong rate matching and thus the PDSCH transmission may fail. Similarly, for SRS resource indicator, the limitation in the number of scheduling combination may cause the wrong indication of the SRS resource and result in a failure in the PUSCH transmission. If option 3c is used, the gNB can choose not to schedule data for the new BWP. For option 3b, HARQ-ACK retransmission can be applied if the transmission failed. In our view, either option 3b or option 3c can be supported by NR. Therefore, we have

Proposal #3: During BWP switching, option 3b or option 3c can be supported for interpretation of the DCI fields.
Proposal #4: For frequency domain resource allocation, when the current BWP has a smaller bandwidth than the new BWP, zero bits should be padded in LSB to match the field size of the new BWP.


4. DCI format 0-0/1-0 to another BWP other than the size-defining BWP
As mentioned in Section 2, the payload size for DCI format 0_0/1_0 in CSS and USS is given by the initial active BWP and active BWP, 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. Unlike the issue discussed in BWP switching (Section 3), for DCI format 0_0/1_0, only F-RA bitfield in DCI is relevant to BWP.
Scenario #1: A UE is configured a larger active DL BWP including initial active DL BWP, and the UE is configured to monitor CSS in CORESET-0 configured by MIB. 

· Figure 3 is an example. For the CORESET-0, i.e., RMSI CORESET, there are two possible groups of UEs monitoring it for common message or UE-specific data reception.

· Group #1. UEs are during initial access and staying on the initial active DL BWP.

· Group #2. UEs are not during initial access and configured to monitor CSS and/or USS in CORESET-0 in their active DL BWPs. 

In order to save the signaling overhead for common message transmission, the PDCCH and corresponding PDSCH should be both transmitted within the initial active DL BWP such that the UEs in Group #1 and #2 can all receive the signal. However, for the UEs in Group #2, they may have difficulty in interpreting bitfield of F-RA in DCI. 

· Alt 1. When receiving DCI format 1_0 in CSS in CORESET-0, UE assumes the bitfield of F-RA in DCI format 1_0 schedules PDSCH within the initial active DL BWP.

· The scheduling of PDSCH corresponding to PDCCH with CRC scrambled by C-RNTI is restricted although the data is intended to a specific UE. However, for UEs in Group #2, they can be further configured other USS/CSS in CORESET-0 or other CORESETs. If the network wants to schedule UE-specific data without scheduling restriction, it can transmit the PDCCH in other search spaces other than CSS of CORESET-0.  

· Alt 2. When receiving DCI format 1_0 in CSS in CORESET-0

· If the PDCCH is for C-RNTI, the UE interprets the bitfield of F-RA based on current active DL BWP, that is, the PDSCH can be scheduled within the active DL BWP;

· Otherwise, the UE assumes the bitfield of F-RA in DCI format 1_0 schedules PDSCH within the initial active DL BWP.

In alternative 2, there is no scheduling restriction for PDSCH for C-RNTI. But the UE complexity is higher than that of Alt 1.  The UEs in Group #2 can interpret the F-RA field based on the methods proposed in BWP switching.
Take the UE complexity into consideration, we prefer Alt 1 and propose

Proposal#5: When receiving DCI format 1_0 in CSS in CORESET-0, UE assumes the bitfield of F-RA in DCI format 1_0 schedules PDSCH within the initial active DL BWP
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Figure 3. Illustration of Scenario #1
Scenario #2. A UE is configured an active DL BWP and receives DCI format 1_0 in CSS in a CORESET which is not configured by MIB, i.e., not CORESET-0. Note that the active DL BWP can either include or not include initial active DL BWP.

For simplicity, it assumes the active DL BWP does not include initial active DL BWP. Take the signaling overhead and UE complexity into considerations, Scenario #2 can be further categorized into Scenario #2-1 and #2-2 depicted in Figure 4 and Figure 5, respectively.
In Scenario #2-1, the network saves signaling overhead for common message, i.e., transmits only one PDCCH and one corresponding PDSCH to a group UEs, only when the group of UEs have active DL BWP fully overlapped in frequency and time. To reduce the PDCCH overhead for scheduling common message, the network can allocate CORESETs for these UEs in the same group partially or fully overlapped time and frequency resources. The DCI format 1_0 which is not for C-RNTI should be transmitted in CSS in the overlapped region of CORESETs. But the corresponding PDSCH can be scheduled in anywhere of the active DL BWP because BWP for different UEs are fully overlapped in frequency and time. With this, the UEs need to interpret the F-RA field due to the inconsistence of bandwidth of initial active DL BWP and current active DL BWP. 
In Scenario #2-1, the monitored CORESETs for receiving common message should be different for different groups of UEs, where the active DL BWP for a group of UEs are fully overlapped in frequency and time. Otherwise, the UEs might have misunderstanding about the translation of F-RA field.
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Figure 4. Illustration of Scenario #2-1

In Scenario #2-2, the network always can save signaling overhead for common message delivery if the UEs have partially or fully overlapped active DL BWP in frequency and time. In this case, the DCI format 1_0 which is not for C-RNTI should be transmitted in CSS in the overlapped region of CORESETs (BW-x region in Figure 5). And unlike the Scenario #2-1, to transmit only one corresponding PDSCH, the PDSCH should be scheduled within the BW-x (a region circled by dotted line) because the UEs have no idea about how large and where the overlapped region is. The BW-x is defined as the spanned region of frequency resources that UEs decode PDCCH for DCI format 1_0 with non C-RNTI successfully. And the F-RA field of received DCI contents should be interpreted based on the BW-x. But if the PDCCH for DCI format 1_0 monitored in CSS is for C-RNTI, then the F-RA field translation is based on the current active DL BWP of the UE. That is, for C-RNTI, the corresponding PDSCH can be scheduled in anywhere of the active DL BWP.

Observation #1: To ease the UE complexity on DCI content interpretation, we prefer Scenario #2-1. That is, the network only saves the common message overhead when the active DL BWP for UEs are fully overlapped in frequency and time.
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Figure 5. Illustration of Scenario #2-2



5. Conclusion
In this work, we provide views on the remaining issues on DCI formats and contents. The proposals and observations are listed as follows.

Proposal #1:

· Within a slot, when a UE is configured to monitor DCI format 0_0/1_0 in USS, DCI format 0_0/1_0 in CSS, and DCI format 1_0/1_1 in USS, the UE is not required to monitor DCI format 0_0/1_0 in USS in this slot.
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: During BWP switching, option 3b or option 3c can be supported for interpretation of the DCI fields.

Proposal #4: For frequency domain resource allocation, when the current BWP has a smaller bandwidth than the new BWP, zero bits should be padded in LSB to match the field size of the new BWP.
Proposal#5: When receiving DCI format 1_0 in CSS in CORESET-0, UE assumes the bitfield of F-RA in DCI format 1_0 schedules PDSCH within the initial active DL BWP

Observation #1: To ease the UE complexity on DCI content interpretation, we prefer Scenario #2-1. That is, the network only saves the common message overhead when the active DL BWP for UEs are fully overlapped in frequency and time.
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