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1 Introduction
Regarding DCI contents and formats, followings are agreed in the previous meeting [1].

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:

· NR supports a DCI format having the same size as the DCI format 1_0 to be used for scheduling RMSI/OSI, for Paging, and for random access.

Agreements:

· For each search space configuration configured by UE-specific RRC signaling, the UE is informed whether the search space configuration is CSS or USS, together with the following information, as part of the search space configuration:

· Which DCI format(s) to monitor

· For a CSS,

· DCI format 0_0 and DCI format 1_0

· In which case, the UE monitors the DCI format with CRC scrambled by C-RNTI, CS-RNTI (if configured), SP-CSI-RNTI (if configured), RA-RNTI, TC-RNTI, P-RNTI, SI-RNTI

· DCI format 2_0

· In which case, the UE monitors the DCI format with CRC scrambled by SFI-RNTI, and the SFI-related parameters SFI-PDCCH is provided as part of the search space configuration

· FFS: how to select one or two decoding candidates if the configured PDCCH candidates are larger than the value

· DCI format 2_1

· In which case, the UE monitors the DCI format with CRC scrambled by INT-RNTI, and the PI-related parameters Preemp-DL is provided as part of the search space configuration

· DCI format 2_2

· In which case, the UE monitors the DCI format with CRC scrambled by TPC-PUSCH-RNTI or TPC-PUCCH-RNTI

· DCI format 2_3

· In which case, the UE monitors the DCI format with CRC scrambled by TPC-SRS-RNTI

· Monitoring of multiple DCI formats can be configured for one CSS

· For USS,

· A UE monitors the DCI format with CRC scrambled by C-RNTI, CS-RNTI (if configured), TC-RNTI (if a certain condition is met), and SP-CSI-RNTI (if configured)

· Further discussion offline the association of the RNTIs with DCI formats 

· Monitoring of multiple DCI formats can be configured for one USS

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

Working assumption:

· Sizes of all DCI bitfields in DCI formats 0-1 and 1-1 in USS determined by current BWP. Data transmitted on the BWP indicated by the BWP index. If the BWP index activates another BWP, transform as follows:

· Zero-pad too small bitfields to match the new BWP

· Truncate too large bitfields to match the new BWP
This contribution discusses remaining issues for DCI formats and contents.

2 Remaining issues for DCI formats and contents
Clarification on DCI format sizes for 2_2 and 2_3
It was agreed as working assumption that payload sizes of DCI format 2_2/2_3 are matched with that of DCI format 0_0/1_0 as defined by the initial BWP. In case of that the UE monitors 2_2/2_3 in CORESET 0, the payload sizes of 2_2/2_3 are definitely same with the that of 0_0/1_0. However, if the UE monitors 2_2/2_3 in the CORESET other than CORESET 0, the payload sizes of 2_2/2_3 may be different to that of 0_0/1_0 since the payload sizes of 0_0/1_0 are determined by the current active BWP not the initial BWP. Therefore, the current working assumption should be modified to ensure the same sizes between 2_2/2_3 and 0_0/1_0 regardless of the BWP where the DCI formats are monitored.
Proposal 1. The current working assumption on payload sizes for 2_2 and 2_3 is modified as below:

· (working assumption) Payload sizes for 2-2 and 2-3 are padded (if needed) to match the size of formats 0-0/1-0. 
The following TP summarizes our proposal:
==================== Begin of Text Proposal for Section 7.3.1.3.3 in TS38.212 ========================
If the number of information bits in format 2_2 is less than the payload size of format 0_0 in the same serving cell, zeros shall be appended to format 2_2 until the payload size equals that of format 0_0 as defined in the initial bandwidth part in the same serving cell
===================== End of Text Proposal for Section 7.3.1.3.3 in TS38.212 =========================

==================== Begin of Text Proposal for Section 7.3.1.3.4 in TS38.212 ========================
If the number of information bits in format 2_3 is less than the payload size of format 0_0 in the same serving cell, zeros shall be appended to format 2_3 until the payload size equals that of format 0_0 as defined in the initial bandwidth part in the same serving cell.
===================== End of Text Proposal for Section 7.3.1.3.4 in TS38.212 =========================

Compact DCI

The expected payload sizes for DCI format 0_0 and 1_0 are summarized in the below Table 1 and 2, respectively. 

Table 1. Field for DCI format 0_0

	Field for Format 0_0
	Size (bits)

	Identifier for DCI formats
	[1]

	Frequency domain resource assignment
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	Time domain resource assignment
	≤4

	Frequency hopping flag
	1

	Modulation and coding scheme
	5

	New data indicator
	1

	Redundancy version
	2

	HARQ process number
	4

	TPC command for scheduled PUSCH
	[2]

	UL/SUL indicator
	0, 1

	Total payload size
	30 ~ 37

	After CRC attachement
	54 ~ 61


Table 2. Field for DCI format 1_0

	Field for Format 1_0
	Size (bits)

	Identifier for DCI formats
	[1]

	Frequency domain resource assignment
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	Time domain resource assignment
	≤4

	VRB-to-PRB mapping
	1

	Modulation and coding scheme
	5

	New data indicator
	1

	Redundancy version
	2

	HARQ process number
	4

	Downlink assignment index
	2

	TPC command for scheduled PUCCH
	[2]

	PUCCH resource indicator
	[2]

	PDSCH-to-HARQ_feedback timing indicator
	[3]

	Total payload size
	38 ~ 45

	After CRC attachement
	62 ~ 69


If the number of information bits in DCI format 0_0 is less than the payload size of format 1_0 for scheduling the same serving cell, zeros are padded to DCI format 0_0 until the payload size equals that of DCI format 1_0. As a result, the UE will monitor DCI format 0_0/1_0 having format size around 60bits (range of 62 ~ 69 bits) including CRC in the CSS to receive SI, RA messages (i.e., RAR, msg.3 reTx and msg.4), or paging. However, it was observed in [2] that the target requirement of the coverage, i.e., 1% BLER at -6dB, cannot be achieved for 64bits DCI sizes when AL=8. Although AL 16 is supported in NR, it cannot be applicable for some RMSI CORESET configurations such as 24-RB with 2-symbol or 48-RB with 1-symbol. Even though the RMSI CORESET is configured with an adequate size enabling AL 16, most of CCEs of that CORESET may be allocated only for the DCI scheduling SI/RA messages/paging. Note that the CORESET for broadcast OSI and paging reuses the same configuration for RMSI CORESET as indicated in PBCH. The CORESET for RAR is configured via RACH configuration where the default value is the same as RMSI CORESET. If USS is also configured in the RMSI CORESET, the chance to transmit UE-specific DCI at the same time with common DCI will be very limited. Therefore, introducing a compact DCI may resolve many of problems caused by large DCI sizes of the current 0_0/1_0. Using compact DCI gives enhanced coverage, flexibility in RMSI CORESET configuration, and more efficient utilization of the RMSI CORESET resources. Our view on DCI fields for compact DCI is summarized in Table 3. The expected DCI size including CRC is around 40 bits. Compact DCI can be scrambled by SI-RNTI, P-RNTI, TC-RNTI and RA-RNTI. Details on DCI contents of compact DCI for each of use-case can be found in our companion contributions [3, 4, 5].
Table 3. Field for compact DCI

	Field for Format
	Size (bits)

	Identifier for DCI formats
	1

	Frequency domain resource assignment
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	Time domain resource assignment
	≤2

	Modulation and coding scheme
	5

	Total payload size
	17 ~ 21

	After CRC attachement
	41 ~ 45


Proposal 2: Compact DCI is introduced in NR.

- The compact DCI is monitored in CSS.
- The compact DCI can be scrambled by SI-RNTI, P-RNTI, TC-RNTI or RA-RNTI.
- The number of bits in the resource allocation field for compact DCI is determined by initial BWP.

The following TP summarizes our proposal:
====================== Begin of Text Proposal for Section 7.3.1.1 in TS38.212 =======================
7.3.1.1.3
Format 0_2
DCI format 0_2 is used for the scheduling of PUSCH in one cell. 

The following information is transmitted by means of the DCI format 0_2 with CRC scrambled by TC-RNTI:
-
Identifier for DCI formats – [1] bit
-
Frequency domain resource assignment –
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 is the size of the initial bandwidth part
-
Time domain resource assignment – 2 bits as defined in Subclause 6.x.x.x of [6, TS38.214]
-
Modulation and coding scheme – 5 bits as defined in Subclause 6.1.3 of [6, TS38.214]
If the number of information bits in format 0_2 prior to padding is less than the payload size of format 1_2 for scheduling the same serving cell, zeros shall be appended to format 0_2 until the payload size equals that of format 1_2.
====================== End of Text Proposal for Section 7.3.1.1 in TS38.212 =========================

======================= Begin of Text Proposal for Section 7.3.1.2 in TS38.212 =======================
7.3.1.2.3
Format 1_2
DCI format 1_2 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

-
Frequency domain resource assignment –
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 is the size of the initial bandwidth part
-
Time domain resource assignment – 2 bits as defined in Subclause 5.x.x.x of [6, TS38.214]
-
Modulation and coding scheme – 5 bits as defined in Subclause 5.1.3 of [6, TS38.214]
======================= End of Text Proposal for Section 7.3.1.2 in TS38.212 ========================

DCI format sizes for 2_0 and 2_1

How to align payload sizes for 2_0 (for SFI) and 2_1 (for PI) is still open. The payload sizes for 2_0/2_1 are configured by higher layer signaling. If cross carrier indication is configured, a mapping for each serving cell to a field in DCI format is also configured. For DCI format 2_1, since each PI field is 14 bits, total payload size will be 14 * N bits when there are N serving cells. The payload size of 2_1 is quiet large, so that it is more desirable to align the size of 2_1 to that of fallback DCI 0_0/1_0. For DCI format 2_0, the exact bit field size for a serving cell is not decided yet, but, 4bits are typically assumed per cell. Therefore, it would be more efficient to align the size of 2_0 to that of compact DCI if compact DCI is introduced.
Proposal 3: Payload size of DCI format 2_0 is matched with that of compact DCI.

Proposal 4: Payload size of DCI format 2_1 is matched with that of DCI format 0_0/1_0.

====================== Begin of Text Proposal for Section 7.3.1.3.1 in TS38.212 ======================
If the number of information bits in format 2_0 is less than the payload size of format 1_2 in the same serving cell, zeros shall be appended to format 2_0 until the payload size equals that of format 1_2 as defined in the initial bandwidth part in the same serving cell
====================== End of Text Proposal for Section 7.3.1.3.1 in TS38.212 ========================
====================== Begin of Text Proposal for Section 7.3.1.3.2 in TS38.212 ======================
If the number of information bits in format 2_1 is less than the payload size of format 0_0 in the same serving cell, zeros shall be appended to format 2_1 until the payload size equals that of format 0_0 as defined in the initial bandwidth part in the same serving cell
====================== End of Text Proposal for Section 7.3.1.3.2 in TS38.212 ========================

3 Conclusion

This contribution discusses DCI contents and formats in NR and following proposals are made.
Proposal 1. The current working assumption on payload sizes for 2_2 and 2_3 is modified as below:

· (working assumption) Payload sizes for 2-2 and 2-3 are padded (if needed) to match the size of formats 0-0/1-0 
Proposal 2: Compact DCI is introduced in NR.

- The compact DCI is monitored in CSS.
- The compact DCI can be scrambled by SI-RNTI, P-RNTI, TC-RNTI or RA-RNTI.
- The number of bits in the resource allocation field for compact DCI is determined by initial BWP.
Proposal 3: Payload size of DCI format 2_0 is matched with that of compact DCI.

Proposal 4: Payload size of DCI format 2_1 is matched with that of DCI format 0_0/1_0.
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