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In the RAN1 #92bis meeting, some agreements on DCI contents and formats were achieved as [1]:
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 
· Otherwise, for format 0-0/1-0, the size is given by the initial DL BWP

Agreements:
· For DCI format 1-0 in CSS with P-RNTI, SI-RNTI, RA-RNTI, C-RNTI, CS-RNTI, or TC-RNTI:
· the RB numbering for the scheduled PDSCH starts from the lowest RB in the CORESET the DCI is received in
· the maximum number of RBs possible to indicate in the DCI is given by the size of the initial DL BWP.
· The case of TC-RNTI is a working assumption
· The case of C-RNTI/CS-RNTI is at least applicable to non-CA case and Pcell in CA
· FFS other cases

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

The contribution discusses the remaining issues on DCI contents and formats, including the interpretation of the frequency-domain field in a DCI and DCI size budget in CC with cross-carrier scheduling. The discussion on DCI contents/formats for RMSI/OSI/Paging/RAR/PDCCH order can be found in our companion contributions [2] [3] [4].

Discussion  
Interpretation of frequency-domain RA field in UE-specific fallback DCI
From the discussion in RAN1#92bis meeting, for some scenarios, e.g. when the DCI size budget is not fulfilled, the size of frequency resource allocation field in UE-specific fallback DCIs in active BWP are determined by initial DL BWP, and the PDSCH/PUSCH scheduled by fallback DCIs is transmitted in active DL/UL BWP. For DCI format 0_0/1_0, only the frequency resource allocation (RA) type 1 is used, the starting number of VRB and the length of contiguously allocated resource blocks are combined to be encoded as a resource indication value (RIV). But since the bandwidth of the initial DL BWP is most likely smaller than the current active BWP, then the frequency RA field with smaller size would be used to indicate frequency RA in a wider active BWP, how to interpret the frequency-domain field in a DCI with a size defined from a BWP (size determined BWP) with a different size than the BWP it is applied to needs further discussion. 
One possible solution is the zero padding method as in BWP switching DCI, the small frequency RA field is zero padded in front of MSB to match the active BWP, then the RIV is obtained directly from padded field and is interpreted based on active BWP. 
For RA type 1, as the zero-padding bits are inserted in front of MSB of frequency RA field, the obtained RIV values can be small. Then interpretation of small RIV value can be more possible resulted in small length of allocated VRB for PDSCH/PUSCH with flexible starting number of VRB. Thus, the UE is more possible to be scheduled with narrow band PDSCH/PUSCH, however in wideband active BWP, UE is potential to transmit or receive large data packet. In order to solve this problem, two options are suggested as follows:
Option 1: The RIV is interpreted according to the initial BWP, resulting in start index and length. The start index/length is scaled by a factor K and then applied to the active BWP.
In option 1, UE first derive starting index (denoted as S) and length (denoted as L) based on initial BWP and then starting index and length is scaled by a factor K. To schedule large number of VRBs in active DL BWP, the scaling factor K can be derived by K =floor(Nactive/Ninitial), where Nactive is the bandwidth of active BWP and Ninitial is the bandwidth of initial BWP. The scaled starting index (denoted as S’=K*S) and the scaled length (denoted as L’=K*L) are applied to the active DL BWP.
Option 2: The RIV is obtained by scaling the value of frequency RA field with factor K, and then the RIV is interpreted based on the active BWP.
In Option 2, the value of the frequency-domain RA field is scaled by a factor K. In other words, RIV = floor(K*n), where n is the value of the frequency domain RA field, then the RIV is interpreted based on active BWP. As the obtained RIV value is scaled to be large, then wide band PDSCH/PUSCH scheduling can be possible. Then in order to make full use of all the values of frequency domain RA field and scheduling wide band PDSCH/PUSCH for UE, the obtained RIV should be large and within the range of RIV values needed for active BWP. The range of RIV values is from 0 to Nactive*(Nactive+1)/2-1, and when the number of frequency RA field bits is B, the total number of frequency RA field values is 2B. Considering that the flexibility of both the starting index and length of scheduled PDSCH/PUSCH are needed, the possible RIV value can evenly distributed within the range of RIV values need for active BWP, then the value of K can be K = (Nactive*(Nactive+1)/2)/(2B).
Figure 1 shows the comparison (in terms of the potential starting indices and lengths that can be scheduled in resource allocation type 1) between Option1 and Option2, the bandwidth of initial BWP and active BWP are 25PRBs and 133PRBs, the size of frequency domain RA field in the fallback DCI is 9bits. For Option 1, the value of K =floor(Nactive/Ninitial)=floor(133/25)=5; while for Option 2, the value of K= (Nactive*(Nactive+1)/2)/(2B)=(133*134/2)/(29).
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Figure 1. Comparison of potential starting indices and lengths between Option1 and Option2

Table 1 is the comparison for the number of starting VRB index, number of lengths and number of valid RIVs used for scheduling PDSCH/PUSCH between Option 1 and Option 2.
Table 1. Comparison of Option 1 and Option 2
	
	Option 1
	Option 2

	Number of starting VRB index
(possible starting VRB index)
	25
	123

	Number of lengths
(possible lengths)
	25
	125

	Number of valid RIVs
	325
	512



From Figure 1 and Table 1, it can be seen that Option 2 can provide more flexibility of the values of starting VRB index and length than Option 1, Option 2 should be supported.

Proposal 1: For UE-specific fallback DCI with size determined by initial BWP, the RIV value is obtained by scaling the value of frequency RA field with factor K = (Nactive*(Nactive+1)/2)/(2B), then the RIV value is interpreted based on active BWP, where Nactive is the bandwidth of the active BWP and B is the number of bits of the frequency RA field.   

DCI size budget in CC with cross-carrier scheduling other CC(s)
In RAN1#92bis meeting, it was agreed that for one carrier, at most 4 different DCI sizes are monitored by the UE per slot and at most 3 of different DCI sizes are scrambled by C-RNTI. However, in CA (Carrier Aggregation) scenario, if a CC is configured to support cross-carrier scheduling, multiple DCI format 0_1/1_1 size may exist in this CC due to different bandwidth of the active BWP in different scheduled CCs. Then the number of different DCI format sizes (including multiple sizes of DCI format 0_1/1_1) that UE has to monitor in this CC may exceed current DCI size budget. In order to fulfill the current DCI size budget, one possible solution is to padding some bits to align all the DCI format 1_1 to the same size, and align all the DCI format 0_1 to the same other size. However, there are may be dramatic variations on multiple DCI format 0_1/1_1 sizes since multiple function fields are configurable to provide adequate scheduling flexibility, the amount of padding bits needed may be large, which will result in performance loss. From the analysis in contribution [5] that for CC supporting cross-carrier scheduling, the number of PDCCH blind decoding of UE in this CC can be increased, then the value of DCI size budget can be relaxed to be larger, and the value can be determined based on UE capability which is reported to the network or predefined in specification.
Proposal 2: The DCI size budget for the CC supporting cross-carrier scheduling can be increased considering more sizes of DCI format 0_1/1_1 may be monitored by UE in this CC.
The DCIs transmitted in CC supporting cross-carrier scheduling can be configured to schedule PDSCHs transmitted in 8 DL CCs and PUSCHs transmitted in 8 UL CCs, then the possible maximum different size of DCI format 0_1/1_1 can be 16, considering UE can be configured to monitor other DCI format, then the number of DCI sizes that monitored by UE in CC supporting cross-carrier scheduling may be larger than 16. Considering the blind decoding limitation of UE capability, it is almost impossible that UE can monitor so many DCI sizes in a single CC in a slot, and the DCI size budget for the CC supporting cross-carrier scheduling can’t be relaxed to large enough. 
Then for CC supporting cross-carrier scheduling, when the number of different sizes of DCI format 0_1/1_1 monitored by UE is large that DCI size budget can’t be fulfilled, the solution to decrease sizes of DCI format 0_1/1_1 monitored by UE should be considered. One possible solution is UE can drop the monitoring of some DCI format 0_1/1_1, e.g. the UE can drop the monitoring of some DCI format 0_1/1_1 that schedule PDSCHs/PUSCHs transmitted in CCs with larger indices. Another possible solution is some sizes of DCI format 0_1/1_1 can be aligned to same size to fulfill DCI size budget. One simple way is some small sizes of DCI format 0_1/1_1 can be aligned to the same larger size together.
Proposal 3: In CC with cross-carrier scheduling other CC(s), if DCI sizes budget can’t be fulfilled due to the increased number of different sizes of DCI format 0_1/1_1, following options can be considered to meet the DCI size budget:
· Option1: the monitoring of some DCI format 0_1/1_1 can be dropped by UE;
· Option2: some sizes of DCI format 0_1/1_1 can be aligned to the same size.

  Identifier for DCI formats for format 2-0/2-1/2-2/2-3 and DCI size
In TS 38.212 , the size of  DCI formats identifier for format 0-0/0-1/1-0/1-1 is already decided to 1 bit.  For format 2-0/2-1/2-2/2-3， the size of  identifier for DCI formats is suggested  to be 1 bit，but it is not  decided yet. In current specific, each DCI format has individual identifier, such as DCI format 2-0 with CRC scrambled by SFI-RNTI、DCI format 2-1 with CRC scrambled by INT-RNTI、DCI format 2-2 with CRC scrambled by TPC-PUSCH-RNTI/ TPC-PUCCH-RNTI and DCI format 2-2 with CRC scrambled by TPC-SRS-RNTI. And these RNTI scrambling format 2-0/2-1/2-2/2-3 is not re-used to other DCI format, so the identifier for DCI formats—[1] bit is not necessary.
Proposal 4: For DCI format 2-0/2-1/2-2/2-3, the [1] bit of identifier for DCI formats is not needed.

Conclusion
The contribution discusses the remaining issues on DCI contents and formats, mainly focuses on the interpretation of the frequency-domain field in a DCI. Based on above discussions, the following proposals are given:
Proposal 1: For UE-specific fallback DCI with size determined by initial BWP, the RIV value is obtained by scaling the value of frequency RA field with factor K = (Nactive*(Nactive+1)/2)/(2B), then the RIV value is interpreted based on active BWP, where Nactive is the bandwidth of the active BWP and B is the number of bits of the frequency RA field.   
Proposal 2: The DCI size budget for the CC supporting cross-carrier scheduling can be increased considering more sizes of DCI format 0_1/1_1 may be monitored by UE in this CC.
Proposal 3: In CC with cross-carrier scheduling other CC(s), if DCI sizes budget can’t be fulfilled due to the increased number of different sizes of DCI format 0_1/1_1, following options can be considered to meet the DCI size budget:
· Option1: the monitoring of some DCI format 0_1/1_1 can be dropped by UE;
· Option2: some sizes of DCI format 0_1/1_1 can be aligned to the same size.
Proposal 4: For DCI format 2-0/2-1/2-2/2-3, the [1] bit of identifier for DCI formats is not needed.
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