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1 Introduction

NR DCI formats have been specified in TS 38.212. This contribution addresses some open issues regarding usage of fallback DCI formats, DCI format size matching and PDCCH orders.  Related agreements made at the RAN1 #AH-1801 meeting are 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
Working assumption:

· The number of bits in the resource allocation field for format 0-0 and 1-0 depends on search space:

· In CSS(s) in CORESET 0, use initial DL BWP for DCI size determination and RB numbering

· FFS If a UE monitors 0-0/1-0 in CSS in CORESET 0 in a slot, it does not monitor formats 0-0 or 1-0 (or 2-x family in case they have a size aligned with 0-0/1-0) in any other search space

· Otherwise, use active BWP for DCI size determination and RB numbering


2 Discussion
2.1 On DCI payload size matching

A design objective for PDCCH processing is to limit the number of blind decoding operations in a slot, which depends in part on the number of different DCI payload sizes. To simplify network operation, it was also proposed, as shown by the preceding working assumption, to support a bandwidth adaptation case where the active DL BWP fully contains the initial DL BWP (equivalent to CORESET 0). As such 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. This helps to reduce the total number of DCI payload sizes monitored by the UE if the UE does not additionally monitor DCI 0_0/1_0 in any other search space. 
However, it should be noted that this advantage is only applicable for the specific BW adaptation scenario where the initial DL BWP is a subset of the RBs constituting the active DL BWP. Secondly, if a UE is configured to monitor DCI 0_0/1_0 in a USS, 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.
One issue with size matching DCI formats 0_0 and 1_0 was brought up during the email discussion to update TS 38.212 after the RAN1 #AH-1801 meeting. The initial UL BWP is indicated by RMSI and there is no restriction on its size in PRBs. In contrast, the initial DL BWP is limited to CORESET0 sizes of {24, 48, 96} PRBs. Once the UE determines CORESET0 from PBCH the DCI format 1_0 payload size is determined and used to decode DCI 1_0 scheduling RMSI when mapped to the Type-0 CSS. If the UL BWP configured by RMSI is larger than the initial DL BWP it could happen that DCI 0_0 payload size is larger than DCI format 1_0. Following the current 38.212 specification, DCI 1_0 would then be zero padded to match DCI 0_0. This creates a situation where a UE monitors two different payload sizes for 1_0; a first one for receiving RMSI and potentially a second one for receiving all other types of control information including OSI, paging and RAR. This may be okay in terms of limiting blind decodes because the UE does not monitor for RMSI and paging/OSI/RAR at the same time. Nevertheless it is still helpful to see if this is a major issue. 
Table 1 compares the base payload sizes for DCI formats 0_0 and 1_0 where a worst case initial UL BWP of 275 PRBs is compared with the CORESET0 sizes of {24, 48, 96} PRBs. Here we assume the time domain resource assignment field is set to 2 bits and is the same for both UL and DL scheduling. 
Table 1 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

	
	275 RBs
	24 RBs
	48 RBs
	96 RBs

	Identifier
	1
	1
	1
	1

	Frequency-domain RA
	16
	9
	11
	13

	Time-domain RA
	2
	2
	2
	2

	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
	0
	2
	2
	2

	TPC command
	2
	2
	2
	2

	PUCCH Resource Indicator
	N/A
	2
	2
	2

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

	UL/SUL indicator
	
	N/A
	N/A
	N/A

	
	
	
	
	

	Number of information bits
	34
	34
	36
	38


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. Therefore, the only possibility for DCI 0_0 to be larger than 1_0 is if different time domain resource assignment bit field sizes are agreed, which is unlikely.

Observation: DCI format 0_0 payload size is always less than or equal to DCI format 1_0 payload size for any combination of initial UL and initial DL BWP sizes and the same time resource assignment field.  

When search spaces associated with CORESET0 can be monitored in the active DL BWP, the total possible number of DCI payload sizes can be determined as:   

1. DCI formats 2_2 and 2_3 are matched to same size based on initial BWP. 

a. DCI formats 0_0/1_0 are: 

i. Matched to same size when monitored in any CSS associated with CORESET 0.

ii. Matched to a different size if the UE is configured to monitor in a search space associated with a different CORESET.

2. DCI formats 0_1 and 1_1 have unique sizes.

3. Given that the payload sizes for DCI formats 2_0 and 2_1 are configured by the higher layer parameters, SFI-DCI-payload-length and INT-DCI-payload-length respectively, they can be flexibly matched to one of the other sizes or associated with a unique size by gNB configuration.

It can be observed that to limit the number of payload sizes to 4, the UE should not be configured to monitor DCI formats 0_0/1_0 in any other search space.

For other operational scenarios, where a UE does not monitor search spaces associated with CORESET 0 in the active DL BWP, the number of possible payload sizes increases. For example,   

1. DCI formats 2_2 and 2_3 are matched to same size based on the initial DL BWP and are monitored in a CSS.
2. The UE is configured to monitor for DCI formats 0_0/1_0 in a CSS but the frequency domain RA field is determined by the BW of the active BWP. The same payload size can be used if a UE also monitors 0_0/1_0 in the USS. 
3. DCI formats 0_1 and 1_1 have unique sizes.

For this case it can be observed that 5 payload sizes are possible for this scenario if the sizes are formed as follows: (1) 2_2/2_3 according to CSS0, (2) 0_0/1_0 according to USS, (3) 0_1, (4) 1_1, (5) 2_0, where DCI format 2_1 can be flexibly matched to one of the other five sizes by configuration. One solution to restrict to a maximum of 4 different payload sizes could be to match all DCI formats of the 2_x family. However, to ensure the utmost reliability for DCI 2_0 (largest coding gain for a fixed AL), it should be possible to configure SFI-DCI-payload-length equal to 12 bits. 

Therefore, a different solution is to match DCI formats 2_1/2_2/2_3 with 0_0/1_0 when the UE does not monitor a CSS in CORESET 0. Alternatively the maximum number of payload sizes is increased to 5 and can be made a UE capability if necessary.
Proposal:

· DCI formats 0_1, 1_1 and 2_0 may have unique payload sizes.
· If a UE is configured to monitor a CSS in CORESET0, when the active DL BWP contains the initial DL BWP,
· Payload sizes for formats 2_1, 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.
· If the maximum number of DCI payload sizes monitored in a slot is 4
· The UE is not configured to monitor for DCI 0_0/1_0 in any other search space
· Otherwise, if the maximum number of DCI payload sizes monitored in a slot is 5
· The UE may be configured to monitor for DCI 0_0/1_0 in a different search space not associated with CORESET0. The payload size is a function of the active DL BWP. 
· If a UE is not configured to monitor a CSS in CORESET0, 
· The payload size of format 0_0/1_0 is determined by the BW of the active DL/UL BWPs and is the same for the CSS and USS.
· The payload sizes of formats 2_1, 2_2 and 2_3 are padded (if needed) to match the size of 0_0/1_0 as defined by the active BWPs.
2.2 PDCCH order
An open issue is the DCI format used for a PDCCH order initiating a RA procedure as requested by RAN2 [1]. During LTE Release 8 standardization, DCI format 1A was selected to carry the PDCCH order [2]. A similar solution can be followed in NR by reusing DCI format 1_0 with CRC scrambled by the C-RNTI. To maximize the possible scheduling opportunities, it should be possible to transmit a PDCCH order in both the USS and CSS. The required information fields from the RAN2 LS are RA preamble index, BWP index and the SUL indicator (already agreed in RAN1) if the serving cell contains both UL and SUL carriers and the UE can be configured to transmit PRACH on both. One issue is that DCI format 1_0 does not contain the SUL indication or BWP indication field. These fields could be added seamlessly provided the DCI is unambiguously interpreted as a PDCCH order. The applicable information fields can be defined as follows:
Proposal: a PDCCH order initiating a RA procedure is conveyed in DCI format 1_0 with CRC scrambled by the C-RNTI and mapped to a CSS or USS. The information fields are set as follows
· DCI format Identifier
- 1 bit

· Frequency domain RA
- all bits are set to 1

· Time domain RA

- [2] bits. Same size as determined for format 1_0 when mapped to Type0 CSS. Actual timing values are to be determined in the RA procedure session.
· Preamble index

- 6 bits

· UL/SUL indicator 
- 1 bit (if applicable)
· BWP indicator

- [0 – 2] bits (if applicable)

· All other bits are set to zero.
A corresponding text proposal for 38.212 is provided in the appendix.

3 Conclusion
This contribution discussed a few open issues regarding number of DCI payload sizes and definition of a PDCCH order. The following proposals are summarized as follows:
Proposal 1:

· DCI formats 0_1, 1_1 and 2_0 may have unique payload sizes
· If a UE is configured to monitor a CSS in CORESET0, when the active DL BWP contains the initial DL BWP,
· Payload sizes for formats 2_1, 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.
· If the maximum number of DCI payload sizes monitored in a slot is 4
· The UE is not configured to monitor for DCI 0_0/1_0 in any other search space
· Otherwise, if the maximum number of DCI payload sizes monitored in a slot is 5
· The UE may be configured to monitor for DCI 0_0/1_0 in a different search space not associated with CORESET0 with a payload size determined by the active DL BWP 
· If a UE is not configured to monitor a CSS in CORESET0, 
· The payload size of format 0_0/1_0 is determined by the BW of the active DL/UL BWPs and is the same for the CSS and USS.
· The payload sizes of formats 2_1, 2_2 and 2_3 are padded (if needed) to match the size of 0_0/1_0 as defined by the active BWPs
Proposal 2: a PDCCH order initiating a RA procedure is conveyed in DCI format 1_0 with CRC scrambled by the C-RNTI and mapped to a CSS or USS. The information fields are set as follows

· DCI format Identifier
- 1 bit

· Frequency domain RA
- all bits are set to 1

· Time domain RA

- [0-2] bits. Same size as determined for format 1_0 when mapped to Type0 CSS. Actual timing values are to be determined in the RA procedure session.
· Preamble index

- 8 bits

· UL/SUL indicator 
- 1 bit (if applicable)

· BWP indicator

- [0 – 2] bits (if applicable)

· All other bits are set to zero
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5 APPENDIX

------------------------------------------------- Start of Text Proposal to 38.212 ---------------------------------------------

7.3.1.2.1
Format 1_0
DCI format 1_0 is used for the scheduling of PDSCH in one DL cell and random access procedure initiated by a PDCCH order. 

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
Format 1_0 is used for random access procedure initiated by a PDCCH order only if format 1_0 CRC is scrambled with the C-RNTI and all the remaining fields are set as follows:
- Frequency domain resource assignment –
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 bits, where all bits shall be set to 1
- Time domain resource assignment – X bits as defined in Subclause 5.1.2.1 of [6, TS38.214]
- Preamble Index – 6 bits
- UL/SUL indicator – 1 bit if present. Presence of this field is defined in Subclause 8 of [5, TS38.213].
- Bandwidth part indicator – 0, 1 or 2 bits as defined in Table 7.3.1.1.2-1. The bitwidth for this field is determined by the number of UL BWPs configured with PRACH resources.
Otherwise,
-
Frequency domain resource assignment –
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 is the size of the initial bandwidth part in case DCI format 1_0 is monitored in the common search space in CORESET 0

-
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 is the size of the active bandwidth part otherwise

-
Time domain resource assignment – X bits as defined in Subclause 5.1.2.1 of [6, TS38.214]

-
VRB-to-PRB mapping – 1 bit
-
Modulation and coding scheme – 5 bits as defined in Subclause 5.1.3 of [6, TS38.214]
-
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, TS38.213], as counter DAI
-
TPC command for scheduled PUCCH – [2] bits as defined in Subclause 7.2.1 of [5, TS38.213]
-
PUCCH resource indicator – [2] bits as defined in Subclause 9.2.3 of [5, TS38.213]
-
PDSCH-to-HARQ_feedback timing indicator – [3] bits as defined in Subclause x.x of [5, TS38.213] 
The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by P-RNTI:

· Short Messages Indicator – 1 bit. This bit is used to indicate whether the short message only or scheduling information only is carried in the Paging DCI.

The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by SI-RNTI:
-
XXX – x bit
The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by RA-RNTI:
-
XXX – x bit
The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by CS-RNTI:
-
XXX – x bit
If the number of information bits in format 1_0 prior to padding is less than the payload size of format 0_0 for scheduling the same serving cell, zeros shall be appended to format 1_0 until the payload size equals that of format 0_0.
------------------------------------------------- End of Text Proposal to 38.212 ---------------------------------------------
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