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Introduction
We had achieved some agreements around DCI sizes as listed below in the previous meetings [1].
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
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.
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
· 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

In this contribution, we provide our considerations on DCI size which are still open after the previous meeting.
Discussion
C-RNTI size and DCI size budget
We had agreed at most 4 different DCI sizes are monitored by the UE per slot, and at most 3 different DCI sizes are monitored per C-RNTI per slot.
Initial BWP
When UE monitors DCI in initial BWP, there are five DCI sizes monitored per slot according to the recent agreements and working assumptions:
· DCI 0-0/1-0 and DCI 2-2/2-3
· DCI 0-1
· DCI 1-1
· DCI 2-0
· DCI 2-1
When UE monitors DCI in initial BWP, there are four DCI sizes monitored per C-RNTI per slot according to the recent agreements and working assumptions:
· DCI 0-0/1-0 
· DCI 0-1
· DCI 1-1
Observation 1. When UE monitors DCI in initial BWP, there are five DCI sizes monitored per slot.
Non-Initial BWP
When UE monitors DCI in non-initial BWP, there are at most five DCI sizes monitored per slot if DCI 0-1 and DCI 1-1 is configured in USS according to the recent agreements and working assumptions. If DCI 0-0/1-0 is configured in USS, gNB can’t configure DCI 0-1 and DCI 1-1 in USS simultaneously, and there are four DCI sizes monitored per slot which can meet the DCI size budget per slot. So we only have to consider the case of DCI 0-1 and DCI 1-1 is configured in USS:
· DCI 0-0/1-0 in CSS and DCI 2-2/2-3 
· DCI 0-1
· DCI 1-1
· DCI 2-0
· DCI 2-1
When UE monitors DCI in non-initial BWP, there are at most three DCI sizes monitored per C-RNTI per slot if DCI 0-1 and DCI 1-1 is configured in USS. 
· DCI 0-0/1-0 in CSS
· DCI 0-1
· DCI 1-1
When UE monitors DCI in non-initial BWP, if DCI 0-0/1-0 is configured in USS, gNB can’t configure DCI 0-1 and DCI 1-1 in USS simultaneously, and there are two DCI sizes monitored per slot which can meet the DCI size budget per slot.
· DCI 0-0/1-0 in CSS
· DCI 0-0/1-0 in USS
Observation 2. When UE monitors DCI in non-initial BWP, there are at most five DCI sizes monitored per slot.
In summary, it can’t meet the DCI size budget per slot, but can meet the C-RNTI size budget per slot for both cases. And option 1~option 5 had been provided in RAN1 92 meeting, option 6 is a method we promoted.
Option 1: Size of DCI format 0-0/1-0 in USS is given by the initial DL BWP
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Option 2: Align DCI format 0-1 and 1-1
Option 3: Configure active BWP such that the DCI size is the same as of the initial BWP
Option 4: Do not configure 0-1 and 1-1
Option 5: Do not configure 0-0/1-0 in USS
Option 6: Others
First of all, option 3 is precluding the case that active BWP may have a wider BW and is aimed for higher throughput and improved system performance. If we limit active BWP with the same frequency PRB numbers as initial BWP, it is not fair and loses flexibility for some wider system bandwidth such as 275 PRB bandwidth to allocate more continuous PRBs as a BWP.
Secondly, option 4 is not preferable because the most of NR features cannot be implemented with only DCI 0-0/0-1, such as MIMO schemes including DMRS ports, SRS resource indications, TCI state, and schedule schemes including flexible and UE-specific time domain resource allocation, DAI indications, CBG based transmission and etc. So we do not think that option 4 is a proper method to meet the budget of DCI sizes and C-RNTI size.
Thirdly, for option 1 and option 5, they can both reduce one DCI size when DCI format 0-0/1-0 in USS is configured. But as known as the discussion above, it is not the limited point if DCI format 0-0/1-0 in USS is configured. 
[bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: _GoBack]At last, regarding to option 2, if UE is configured with DCI format 0-1 and 1-1 in USS for one cell, it requires some padding bits to the smaller of the two formats. Compared with all these options, we think it is a better choice. So it is proposed to align DCI size of format 0-1 and 1-1.
Proposal 1. Align DCI size of format 0-1 and 1-1.

Interpret the frequency-domain field
Interpreting the frequency-domain field bits based on a BWP in one DCI format to another BWP is required. At least for the DCI format 0-0/1-0 in CSS is defined by the initial BWP even if another (differently sized) BWP is active in the UE, and one DCI format 0-1/1-1 contains a different BWP index with the active BWP.  
For DCI formats 0-0/1-0, only resource-allocation type 1 is used. For DCI formats 0-1/1-1, resource-allocation type 0 only, or resource-allocation type 1 only, or both resource-allocation type 0 and 1 is used. 
It is more adjustable for RA type 0 when applied to interpret case discussed above, for RA type 0 is based on RBG which will be changed to the RBG size in the new BWP. Frequency resource allocation field can be truncated or padded to match the need of the active BWP. 
But for RA type 1, several solutions have been discussed for DCI 1-0/0-0 in USS or DCI 0-1/1-1 indicate BWP switching. If initial BWP is wider than or equal to active BWP for DCI 1-0/0-0 in USS, or if active BWP is wider than or equal to the scheduled BWP, RIV field is truncated to match the need of the active BWP. When initial BWP (BWP1) is narrower than the active BWP (BWP2) for DCI 1-0/0-0 in USS, or if active BWP (BWP1) is narrow than the scheduled BWP (BWP2), the methods contains:
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Option 1: RIV is interpreted according to BWP1, resulting in start and length. The start/length is applied to BWP2.
· Option 2: RIV field is padded to match BWP2. It results in severe length limitations for the wider BWP as stated in [2].
· Option 3: RIV is interpreted according to BWP1, resulting in start and length. The start/length is scaled by a factor K and then applied to the BWP2. It is similar to the way format 1C is handled in LTE. Allows for a wider range in start and length.
Compared with Option 3, Option 1 and 2 have limited scheduled bandwidth, and especially option 2 can’t work when BWP1 and BWP 2 have larger distant PRB numbers. And according to option 3, we provide a method with the start point of LTE format 1C, and can be applied to both interpretation cases.
RIV is interpreted according to BWP1, resulting in start and length of RB group. The start/length is scaled by one or two calculated factor K1 and K2 based on the PRB number of BWP1 and BWP2, similarly as CB numbers in CBG.
· 



Each of the first  RB group contains K1=VRBs, where RB group , includes VRBs . 
· 

Each of the last RB groups includes K2= VRBs.
Proposal 2. Option 3 that RIV is interpreted according to BWP1 is adopted and enhanced scaled factor of K1 and K2 similarly with CBG calculation should be applied. 
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following observations and proposals.
Observation 1.	When UE monitors DCI in initial BWP, there are five DCI sizes monitored per slot.
Observation 2.	When UE monitors DCI in non-initial BWP, there are at most five DCI sizes monitored per slot.
Proposal 1.	Align DCI size of format 0-1 and 1-1.
Proposal 2.	Option 3 that RIV is interpreted according to BWP1 is adopted and enhanced scaled factor of K1 and K2 similarly with CBG calculation should be applied.
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