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Introduction
DCI contents and size alignment were discussed at the RAN1 #92 meeting. The current slate of agreements is as follows:
	Agreements:
· DCI format 0_1 and 1_1 are monitored only in USS.
· DCI format 0_0 and 1_0 are monitored in CSS.
· DCI format 0_0 and 1_0 can be monitored in USS.
· They have the same DCI payload size.
· One of the following is configured by RRC signaling for the USS:
· Monitoring DCI format 0_1 and 1_1 only
· Monitoring DCI format 0_0 and 1_0 only

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



This contribution is an update of [1] focusing on how/whether to meet the objective of three payload sizes that can be addressed to the C-RNTI and one that is addressed to some other RNTI.
Discussion
On DCI payload size matching
It can be seen from the agreements that there are three inter-related working assumptions that need to be confirmed or otherwise resolved. The number of possible DCI format sizes based on the working assumptions is shown in Table 1. 

[bookmark: _Ref510615723]Table 1Possible DCI payload sizes based on BWP, CORESET and search spaces
	Size
	DCI formats
	C-RNTI-based
	Search space and CORESET

	1
	0_1
	Yes
	USS in a configured CORESET

	2
	1_1
	Yes
	USS in a configured CORESET

	3
	2_0
	No
	CSS in a configusred CORESET 

	4
	2_1
	No
	CSS in a configured CORESET

	5
	0_0/1_0/2_2/2_3
	Yes
	CSS in CORESET0

	6
	0_0/1_0
	Yes
	CSS/USS in a configured CORESET



If the size of DCI formats 0_0/1_0 (or more specifically the frequency RA field size) is determined only by the initial DL BWP regardless of which configured BWP is currently active, this will result in the target of 3 C-RNTI-based sizes. However, this could introduce severe scheduling restrictions depending on the BW difference between the active and initial BWPs. There are then two main categories of solutions for handling DCI formats 0_0/1_0:

· Option 1: Restrict the size of DCI formats 0_0/1_0 taking into account the scheduling restrictions.
· Option 2: Relax the design target and allow up to 4 C-RNTI-based payload sizes.

Of the Option1-based solutions listed in the RAN1 #92 working assumption, aligning DCI formats 0_1 and 1_1 is against the agreement that they can be of different sizes given that these formats support a diverse array of configurable features. In the same vein, precluding the possibility to configure one of these formats also eliminates configuration of many NR features as they are configured by RRC signaling.

Fixing the RA field of DCI 0_0/1_0 to always match the size of the initial DL BWP provides a solution with scheduling restrictions when the active BWP is larger than the initial BWP. One proposed solution is to not monitor DCI 0_0/1_0 in the USS. Note that this does not really solve the issue because a UE may receive PDCCH addressed to the C-RNTI in either a configured CSS (Type1 and Type3) or USS in the active BWP. 

It should be noted that the reason for constraining the size of 0_0/1_0 to CORESET0 is motivated by the BWP adaptation case where the active DL BWP fully contains the initial DL BWP (equivalent to CORESET 0). Thus, all UEs detecting the same SS/PBCH block could always receive common information mapped to at least Types 0/0A/2 search spaces associated with CORESET0, regardless of whether or not the UEs are in Idle or Connected mode. Furthermore, since BWPs are UE-specific whereas DCI formats 2_2 and 2_3 are group-common this proposal also supports the scheduling of group power control commands in one PDCCH to a group of UEs that may be configured with different BWPs. 

However, it should be noted that this advantage is only applicable for the specific BW adaptation scenario where the initial DL BWP is contained in the active DL BWP. Secondly, if a UE is configured to monitor DCI 0_0/1_0 in a USS or in a CSS that is not associated with CORESET0, limiting the frequency domain resource allocation to the initial BWP results in a scheduling restriction when the active BWP is larger than the initial BWP. Therefore, if the RA field size is determined by the initial DL BWP, the RA field should be interpreted in a way that limits the scheduling restrictions. Some possible solutions are now considered.

Solutions to apply the RA field of the initial DL BWP to a different DL/UL BWP
First we consider PUSCH scheduling in the initial UL BWP which is configured by RMSI.  Table 2 compares the payload sizes for DCI formats 0_0 and 1_0 – where the maximum transmission BW configuration is 273 PRBs in 38.101-1 – with the initial DL BWP sizes of {24, 48, 96} PRBs. The time domain resource assignment field is set to 4 bits since this field would not be configurable for fallback DCI formats. 
[bookmark: _Ref506363696]Table 2 Comparison of base payload sizes for DCI format 0_0 and 1_0 for different initial BWP sizes
	Field name
	Format 0_0
	Format 1_0

	
	273 RBs
	24 RBs
	48 RBs
	96 RBs

	Identifier
	1
	1
	1
	1

	Frequency-domain RA
	16
	9
	11
	13

	Time-domain RA
	4
	4
	4
	4

	VRB-to-PRB 
	N/A
	1
	1
	1

	Frequency hopping flag
	1
	N/A
	N/A
	N/A

	Modulation and coding scheme 
	5
	5
	5
	5

	New data indicator
	1
	1
	1
	1

	Redundancy version
	2
	2
	2
	2

	HARQ process number 
	4
	4
	4
	4

	DAI
	N/A
	2
	2
	2

	TPC command
	2
	2
	2
	2

	PUCCH Resource Indicator
	N/A
	3
	3
	3

	PDSCH-to-HARQ-ACK timing indicator
	N/A
	3
	3
	3

	Support UL/SUL indicator field
	Yes
	
	
	

	
	
	
	
	

	Number of information bits
	36
	37
	39
	41

	Number of Padding bits for 0_0
	
	1
	3
	5



It can be seen that in the most extreme – and unlikely case – of the largest UL BWP and the smallest initial DL BWP, the payload size is the same if the single padding bit is used for UL/SUL indication. Therefore, there is no need to put any constraint on UL scheduling in an active BWP as currently captured in 38.212.

Observation: DCI format 0_0 payload size is always less than or equal to DCI format 1_0 payload size for the initial DL BWP of the PCell.  

Proposal: remove conditions on the size of the active BWP currently captured for DCI format 0_0 in 38.212.

The situation is rather different for PDSCH scheduling, and three solutions can be considered.

Option 1A: addressable PDSCH BW is determined by the initial BWP
For this option the addressable PDSCH BW on the active DL BWP is equal to the size of the initial DL BWP. If the initial BWP is fully contained in the active BWP, the addressable BW is same as the initial BWP as shown in Figure 1(a). This facilitates scheduling of group-common information to a set of UEs with different active DL BWPs. Alternatively a more general solution that works for other cases such as load balancing is where the resource allocation is relative to the lowest PRB of the BWP as shown in Figure 1(b). It was argued in [3] that for the load balancing case of Figure 1(b) BWP switching is not very frequent and RRC-based switching is sufficient. If the BW difference between the initial and active DL BWPs is considerable, this leads to severe scheduling restrictions.


[image: ]
[bookmark: _Ref509925654]Figure 1 Addressable BW on the active BWP determined by the initial BWP for (a) Initial BWP is a subset of active BWP and (b) Initial BWP does not overlap with active BWP

Option 1B: truncation/padding
Here the RA field is truncated or padded as required to match the size required for the active DL BWP. This is a well established procedure from LTE, where it was used for RB allocation of RA Msg3 as provided in the RAR. A similar solution has also been adopted as a working assumption for DCI-based BWP switching. The RIV allocation scheme is designed such that indexing from 0 to 2b-1, where b is the RIV size, allows a large number of starting positions as the allocation size is slowly increased. If the active DL BWP is considerably larger than the initial DL BWP there is adequate flexibility in locating the starting PRB within the BWP but only a few PRBs can be scheduled when padding is used. This is okay for dynamic BWP switching, where typically only a very small number of PRBs would anyway be scheduled as the UE has not yet performed or reported any measurements on the target BWP. A similar consideration is true for RA Msg3 payload size. However, this may be a considerable restriction for normal PDSCH scheduling using DCI format 1_0. 

Option 1C: BW scaling
This method generalizes the Type1 resource allocation such that each scheduling unit is now a group of RBs rather than a single RB. It is similar to LTE DCI format 1C, but here a step size can be defined such that the required number of bits 


This allows flexibility in starting position and number of RBs but with coarser granularity of an RB group similar to Type0 RA. 

Summary of options: Of the three options it can be seen that BW scaling is the most flexible RA scheme. On the other hand it may still cause scheduling restrictions because active DL BWPs may overlap for different UEs and the required step size is also different. This could cause orphan RBs that cannot be scheduled over the wideband carrier. 
Therefore, given the limitation of the three solutions in the Option 1 category, our preference is to increase the number of C-RNTI-based payload sizes to 4. 

Proposal: when monitoring for DCI in a BWP, the size of DCI format 0-0/1-0 is determined by
· The initial DL BWP if monitored in a CSS associated with CORESET0
· The size of the active DL BWP if monitored in a search space associated with a UE-specific CORESET.

The non-C-RNTI-based sizes still need to be matched and given that the DCI 2_0 and 2_1 sizes are configurable it is straightforward for the network to match at least one of them to the other DCI sizes by RRC configuration. Given that DCI format 2_0 provides slot format that affects system operation in general, it should be as reliable as possible and the network should have the flexibility to configure the minimum payload size of 12 bits. DCI format 2_1 can then be matched to one of the C-RNTI-based sizes such as 0_0/1_0 in the active BWP or matched to 2_0 if the payload of 2_0 is at least 14 bits.

Proposal: DCI format 2_0 is configured with a unique payload size while DCI format 2_1 is matched to 2_0 or 0_0/1_0 in the initial or active DL BWP. 
Conclusion
This contribution discussed a few open issues regarding DCI size alignment. The proposals are as follows:
· Observation: DCI format 0_0 payload size is always less than or equal to DCI format 1_0 payload size for the initial DL BWP of the PCell.  

· Proposal: remove conditions on the size of the active BWP currently captured for DCI format 0_0 in 38.212. A text proposal is provided in the Appendix.

· Proposal: when monitoring for DCI in a BWP, the size of DCI format 0-0/1-0 is determined by
· The initial DL BWP if monitored in a CSS associated with CORESET0
· The size of the active DL BWP if monitored in a search space associated with a UE-specific CORESET

· Proposal: DCI format 2_0 is configured with a unique payload size while DCI format 2_1 is matched to 2_0 or 0_0/1_0 in the initial or active DL BWP. 
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APPENDIX
------------------------------------------------- Start of Text Proposal to 38.212 ---------------------------------------------
[bookmark: _Toc505960306][bookmark: _Toc508812081]7.3.1.1.1	Format 0_0
DCI format 0_0 is used for the scheduling of PUSCH in one cell. 
The following information is transmitted by means of the DCI format 0_0 with CRC scrambled by C-RNTI:
-	Identifier for DCI formats – 1 bit
-	The value of this bit field is always set to 0, indicating an UL DCI format

-	Frequency domain resource assignment –bits where

-	 is the size of the active initial bandwidth part in case DCI format 0_0 is monitored in the common search space

-	 is the size of the active bandwidth part in case DCI format 0_0 is monitored in the UE specific search space and satisfying
		-	the total number of different DCI sizes monitored per slot is no more than 4, and 
		-	the total number of different DCI sizes with C-RNTI monitored per slot is no more than 3
-	For PUSCH hopping with resource allocation type 1:



-	 MSB bits are used to indicate the frequency offset according to Subclause 6.3 of [6, TS38.214], where  if the higher layer parameter Frequency-hopping-offsets-set contains two offset values and   if the higher layer parameter Frequency-hopping-offsets-set contains four offset values
------------------------------------------------- End of Text Proposal to 38.212 ---------------------------------------------

oleObject1.bin

image3.wmf
BWP

UL,

RB

N


oleObject2.bin

oleObject3.bin

image4.wmf
UL_hop

N


oleObject4.bin

image5.wmf
1

UL_hop

=

N


oleObject5.bin

image6.wmf
2

UL_hop

=

N


oleObject6.bin

image1.emf
(a)

Active DL 

BWP

(b)

Initial DL 

BWP

Addressable 

BW = Initial 

BWP

Active DL 

BWP

Addressable 

BW = Size of 

Initial BWP


image2.wmf
é

ù

)

2

/

)

1

(

(

log

BWP

UL,

RB

BWP

UL,

RB

2

+

N

N


