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1 Introduction

Several open issues on NR DCI format sizes and contents were agreed at the RAN1 #92bis meeting including confirming a previous working assumption on at most 4 DCI sizes monitored in a slot. This contribution addresses several remaining issues to complete the specification on the contents and usage of DCI formats.

2 On DCI payload size matching

It was agreed at the RAN1 #92bis meeting that a UE monitors up to 4 different DCI sizes in a slot, where at most 3 of them are based on the C-RNTI. As a consequence, a previous working assumption was updated and confirmed as follows:

	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


The motivation for this restriction on the DCI size to the initial DL BWP was to enable efficient delivery of broadcast information to a group of UEs for the BWP adaptation scenario where each UE’s active DL BWP contains the same initial DL BWP. Consequently, it was further agreed that

	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


Note that the size of DCI format 1_0 is only dependent on the size of the bandwidth part as all other fields are fixed. Whilst this restriction of the frequency domain RA field to the size of CORESET0 is appropriate for broadcast type information, it may be limiting for unicast scheduling in a SCell and secondly, it is not applicable to UL scheduling, at least on the PCell. We discuss such scenarios and possible refinements to the current agreements.
2.1 On DCI 0_0 size matching for scheduling UL grants in the PCell
It was briefly discussed during the RAN1 #92bis meeting that the restriction on the frequency domain RA field size may not be necessary for DCI format 0_0. To see this, Table 1 compares the payload sizes for DCI formats 0_0 and 1_0 – where the maximum transmission BW configuration is 273 PRBs in 38.104 – with the initial DL BWP sizes of {24, 48, 96} PRBs for the PCell. 

Table 1 Comparison of 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 
	0
	1
	1
	1

	Frequency hopping flag
	1
	0
	0
	0

	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
	0
	2
	2
	2

	TPC command
	2
	2
	2
	2

	PUCCH Resource Indicator
	0
	3
	3
	3

	PDSCH-to-HARQ-ACK timing indicator
	0
	3
	3
	3

	
	
	
	
	

	Number of information bits
	36
	37
	39
	41

	Number of Padding bits for 0_0
	
	1
	3
	5


It can be seen that for the largest UL BWP of 273 PRBs there is at least one padding bit for DCI format 0_0 to match format 1_0 when mapped to the initial DL BWP of the PCell (fortunately, it also means that an UL/SUL indication bit can be supported). 

Observation: DCI format 0_0 base payload size is always less than or equal to DCI format 1_0 payload size of the initial DL BWP of the PCell. Therefore, it is an unnecessary scheduling restriction to constrain the frequency domain RA field of format 0_0 to match the size of the initial DL BWP as currently described in 38.212.  

2.2 On DCI size matching for scheduling assignments on a SCell

A UE is not expected to receive SI or paging on a SCell or the PSCell for NR-NR DC. However, the UE may be configured to perform random access on the PSCell/SCell and this requires that a Type1-CSS is present. Regarding the DCI size restriction in the agreement referenced above, we consider two cases

· For an secondary TAG, where only CFRA may be configured on a SCell, there is no need to restrict the frequency domain RA field since the RA procedure is UE-specific as the UE is known to the gNB

· For a PSCell, where CBRA may be performed, the gNB may not be able to identify the UE at least until successful decoding of RA Msg3.  

Thus at least for the second case where CBRA is performed, it should be possible to schedule a UE configured with this serving cell as a SCell and also a UE where this serving cell is the PCell over a common bandwidth. Therefore, for a SCell, where a Type1 CSS is configured, the first set of agreements cited above still hold. Specifically, for DCI format 0-0/1-0 in a Type1-CSS the size is determined by the initial DL BWP which can be provided by the higher layer parameter ServingCellConfigCommon. For common RACH resources in a cell, the addressable PDSCH bandwidth for receiving RAR and RA Msg4 should also be common to all UEs in the cell. As such the second set of agreements is also applicable for RA. 

Proposal 1: For DCI format 1-0 mapped to a Type1-CSS on a SCell the addressable PDSCH bandwidth is equal to the initial DL BWP configured in the SCell.
Therefore, the number of unique DCI format sizes on a SCell when addressed to the C-RNTI may consist of

· CSS: 0_0/1_0 when a Type1-CSS is configured

· USS: {0_1, 1_1} or 0_0/1_0 depending on configuration
If DCI 0_1 and 1_1 are configured in any USS on the SCell, the size budget is use up when a Type-1 CSS is present and as such the size of DCI 0_0/1_0 in a USS follows that of the CSS per the first set of agreements cited above. Again similarly to the PCell it may not be necessary to tie the frequency domain allocation field of DCI format 0_0 on a SCell to follow the configured initial DL BWP on the SCell. It is sufficient that the size matches that of DCI format 1_0 on any serving cell.
Proposal 2: relax the condition on size of the frequency resource allocation field of DCI format 0_0 in 38.212 as follows: the frequency domain resource assignment field is of size
– 
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is the size of the active UL BWP if this size would result in a total payload size before padding that is no greater than the size of DCI format 1_0 when mapped to the same search space
– Otherwise, the bit width of the frequency domain resource allocation field in DCI format 0_0 is reduced such that the size of DCI format 0_0 equals to the size of the DCI format 1_0 when mapped to the same search space.

2.3 Frequency domain assignment translation

One open issue is the translation of the frequency domain RA field in a DCI format matched to the initial DL BWP to the addressable bandwidth of the active DL/UL BWP. This is needed at least for the case where the size of DCI format 0_0/1_0 in the USS of the active DL BWP is determined by the initial DL BWP due to size budget limitations. There are two possible solutions.
Option 1: truncation/padding

Similarly to the agreement on BWP switching, the frequency domain RA field can be zero-padded to match the size required by the active DL BWP. 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 was deemed sufficient for dynamic BWP switching as it is not expected to occur frequently and even then it is expected only a small number of PRBs would anyway be scheduled in the target BWP since the UE has not yet reported any CQI measurements to the network. However, this may be a considerable restriction for normal PDSCH scheduling using DCI format 1_0. 
Option 2: BW scaling
This RA mechanism generalizes the Type1 resource allocation such that each scheduling unit is now a group of RBs rather than a single RB. There are two roughly equivalent mechanisms to do this. A first mechanism is similar to LTE DCI format 1C, but here a step size 
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can be defined such that the required number of bits 
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The step size can be a power of 2 so that it is easily divisible by, or is a factor of, the RBG sizes given in Table 5.1.2.2.1-1 of 38.214, which helps to avoid orphan RBs when scheduling UEs operating with different resource allocation types in the same slot. 

A different mechanism is to directly scale the starting PRB, S, and number of PRBs, L determined from the RIV given value according to the size of the initial BWP. The final starting PRB index and number of PRBs are obtained by scaling to give S’ = k * S and L’ = k * L, where the factor k is given by k = max (1, floor (NBWP,active/NBWP,0)). A possible enhancement is to restrict the scaling factor to a power of 2 so that it is easily divisible by, or is a factor of, the RBG sizes given in Table 5.1.2.2.1-1 of 38.214. For example, the scaling factor can be given by 
[image: image5.wmf]ë

û

(

)

ë

û

BWP,0

active

BWP,

2

/

,

1

max

log

2

N

N


Proposal 3: for scheduling PDSCH/PUSCH on a first BWP from a DCI format 0_0/1_0 whose frequency domain RA field is based on a smaller BWP, contiguous resource allocation can be applied to PRB groups or direct scaling of the starting symbol and length derived from the RIV value by a factor k, where k is a power of 2.
3 Other Aspects

3.1 PDCCH order
Some contents of the PDCCH order scheduling contention free RA (CFRA) were agreed under the RACH procedure agenda at RAN1 #92bis.  

Agreements:

· PDCCH order for RACH procedure includes the following fields:

· Random Access Preamble index – 6 bits. Indicating which Random access preamble to use in case of contention-free random access procedure, or the value 000000 in case of contention-based random access procedure

· For CFRA only:

· FFS BWP index. Indicating which BWP to transmit the Random access preamble on

· SUL indicator – 1 bit. Indicating whether to transmit the Random access preamble on SUL or normal uplink carrier

· SSB index - 6 bits are used to indicate an SSB index, which, in turn, identifies a group of RACH occasions

· RACH occasion index - 3 bits are used to indicate the relative RACH occasion index that corresponds to the indicated SSB index identified group of RACH occasions
Regarding indication of the BWP index, it was left to the scheduling agenda to make a decision. A previous LS from RAN2 had stated their assumption that the BWP index would be provided but the benefit in terms of network flexibility, if any, is questionable. If a PDCCH order is received and PRACH resources are configured in the active UL BWP, there doesn’t seem to be a strong motivation to compel the UE to change BWPs given that the PDCCH flexibly indicates either CFRA or CBRA (if a dedicated RACH preamble is not available). In contrast if PRACH resources are not configured in the active BWP, the UE then switches to the initial UL BWP. Note that this behavior is already described in TS 38.321 v.15.1.0.
RAN2 has also indicated in an LS to RAN1 [2] their preference to change the name of the RACH occasion index to PRACH mask index similarly to LTE and to increase the size to 4 bits. This can be readily supported. We also note that a PDCCH order can be defined in PDCCH format 1_0 similarly to LTE.
Proposal 4: A PDCCH order is transmitted in DCI format 1_0 addressed to C-RNTI with the following additional details 

· It does not contain a BWP index. 
· A 4-bit PRACH mask index replaces the 3-bit RACH occasion index.

A TP for introducing the PDCCH order into 38.212 is provided below
------------------------------------- Begin TP for 38.212 Sec. 7.3.1.2.1 -------------------------------------------------------
7.3.1.2.1
Format 1_0
DCI format 1_0 is used for the scheduling of PDSCH in one DL cell. 

The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by C-RNTI:
-
Identifier for DCI formats – 1 bits
-
The value of this bit field is always set to 1, indicating a DL DCI format
-
Frequency domain resource assignment – 
[image: image6.wmf]é

ù

)

2

/

)

1

(

(

log

BWP

DL,

RB

BWP

DL,

RB

2

+

N

N

 bits
-

[image: image7.wmf]BWP

DL,

RB

N

 is the size of the active DL bandwidth part in case DCI format 1_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 for the cell, and 
-
the total number of different DCI sizes with C-RNTI monitored per slot is no more than 3 for the cell
otherwise, 
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 is the size of the initial DL bandwidth part.
DCI format 1_0 is used for a random access procedure initiated by a PDCCH order only if format 1_0 CRC is scrambled by the C-RNTI, all the bits of the frequency domain resource assignment field are set to 1 and all the remaining fields are set as follows:

- Random Access Preamble Index – 6 bits. If the value is not equal to 000000

- UL/SUL indicator – 0 bit if a UE is not configured with SUL in the cell or if a UE is configured with SUL in the cell but only the PUCCH carrier in the cell is configured for PUSCH transmission; 1 bit for a UE configured with SUL in the cell as defined in Table 7.3.1.1.1-1.
- SSB index – 6 bits 

- PRACH mask index – 4 bits
- All the remaining bits in format 1_0 are set to zero
Otherwise,
-
Time domain resource assignment – 4 bits as defined in Subclause 5.1.2.1 of [6, TS 38.214]

-
VRB-to-PRB mapping – 1 bit according to Table 7.3.1.1.2-33
-
Modulation and coding scheme – 5 bits as defined in Subclause 5.1.3 of [6, TS 38.214]
-
New data indicator – 1 bit
-
Redundancy version – 2 bits as defined in Table 7.3.1.1.1-2

-
HARQ process number – 4 bits
-
Downlink assignment index – 2 bits as defined in Subclause 9.1.3 of [5, TS 38.213], as counter DAI
-
TPC command for scheduled PUCCH – 2 bits as defined in Subclause 7.2.1 of [5, TS 38.213]
-
PUCCH resource indicator – 3 bits as defined in Subclause 9.2.3 of [5, TS 38.213]
-
PDSCH-to-HARQ_feedback timing indicator – 3 bits as defined in Subclause 9.2.3 of [5, TS38.213]
<Rest omitted>
------------------------------------- End TP for 38.212 Sec. 7.3.1.2.1 -------------------------------------------------------
3.2 Necessity for DCI format identifiers

An open issue is the necessity for format identifiers for DCI formats other than 0_0/1_0. A prior working assumption from the RAN1 #91 meeting stated the following with respect to the format identifier for DL DCI:
Working assumption:

· For DL DCI, 

· The column “’Conf.?” indicates whether the field is present only if a certain feature is configured (“C”) or always present 

· Note: if the field is configured to be present, the bitwidth for the field may or may not depend on the configuration (to be further discussed)

· The column “Fallb.?” indicates whether the field is included in the fallback DCI or not (in the excel sheet the fallback format is listed in a separate tab)

· Note: The column “Bits” is intended to define the bitwidth for the non-fallback DCI. For the case when the field is indicated as present in the fallback DCI, the bitwidth of the field in the fallback DCI may be the same or less that that of the non-fallback DCI (to be further discussed)

· Note: there may be zero or more padding bits (to be further discussed)

· Note: the table below is NOT intended to revert any previous agreements

	Field
	Bits
	Conf?
	Fallb?
	Description

	Header
	1?
	
	F
	At least to distinguish UL and DL with the same DCI size
FFS if more bits are needed


The absence of “C” in the “Conf” column may imply that the header field is always present. On the other hand the description of the header field states that it is used to distinguish UL and DL at least for the same DCI size. While the header field is clearly needed for formats 0_0/1_0 it is not clear why it would be needed for formats 0_1 and 1_1 where the sizes are in general different. Although it may be possible to match 0_1 and 1_1 in size for specific transmission configurations, this is not generally true. Since the payloads are determined by UE-specific transmission features (MIMO related parameters, rate matching etc.), the header field should only be present when the sizes match. 
Regarding DCI formats 2_0/2_1/2_2/2_3, they are distinguished by the RNTI and a format identifier is not needed.

Proposal 5:

· If the payload sizes match for DCI formats 0_1 and 1_1, a 1-bit format identifier field is added to each format to distinguish DL and UL; otherwise, if the payload sizes do not match, no format identifier is present.

· A format identifier field is not supported for DCI formats 2_0/2_1/2_2/2_3. 
4 Conclusion
This contribution discussed a few open issues regarding DCI size alignment. The observations and proposals are summarized as follows:
Observation: DCI format 0_0 base payload size is always less than or equal to DCI format 1_0 payload size of the initial DL BWP of the PCell. Therefore, it is an unnecessary scheduling restriction to constrain the frequency domain RA field of format 0_0 to match the size of the initial DL BWP as currently described in 38.212.  

Proposal 1: For DCI format 1-0 mapped to a Type1-CSS on a SCell the addressable PDSCH bandwidth is equal to the initial DL BWP configured in the SCell.
Proposal 2: relax the condition on size of the frequency resource allocation field of DCI format 0_0 in 38.212 as follows: the frequency domain resource assignment field is of size
– 
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is the size of the active UL BWP if this size would result in a total payload size before padding that is no greater than the size of DCI format 1_0 when mapped to the same search space

– Otherwise, the bit width of the frequency domain resource allocation field in DCI format 0_0 is reduced such that the size of DCI format 0_0 equals to the size of the DCI format 1_0 when mapped to the same search space.

Proposal 3: for scheduling PDSCH/PUSCH on a first BWP from a DCI format 0_0/1_0 whose frequency domain RA field is based on a smaller BWP, contiguous resource allocation can be applied to PRB groups or direct scaling of the starting symbol and length derived from the RIV value by a factor k, where k is a power of 2.
Proposal 4: Additional details for the PDCCH order are as follows (a TP is also provided)

· It is transmitted in DCI format 1_0 addressed to C-RNTI. 

· It does not contain a BWP index. 

· A 4-bit PRACH mask index replaces the 3-bit RACH occasion index.

Proposal 5:

· If the payload sizes match for DCI formats 0_1 and 1_1, a 1-bit format identifier field is added to each format to distinguish DL and UL; otherwise, if the payload sizes do not match, no format identifier is present.

· A format identifier field is not supported for DCI formats 2_0/2_1/2_2/2_3. 
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