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1 Introduction

In this contribution, we give our viewpoints on DCI content. The DCI size relevant agreements and working assumptions are listed below[1]:
Agreements in AdHoc 1801:

For one carrier:

· 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 in RAN1 #92b:

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

Confirm the following working assumption:

· (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

2 DCI identifier
As shown in the agreement listed in section 1, the DCI size of 1-1 and 0-1 may differ. When the payload size of DCI 1-1 and 0-1 is the same, one bit of identifier field in DCI 1-1 and 0-1 is needed as described in current 38.212[2]
DCI format 1_1 is used for the scheduling of PDSCH in one cell. 

The following information is transmitted by means of the DCI format 1_1 with CRC scrambled by C-RNTI:
-
Identifier for DCI formats – 1 bits

...

DCI format 0_1 is used for the scheduling of PUSCH in one cell. 

The following information is transmitted by means of the DCI format 0_1 with CRC scrambled by C-RNTI:
-
Identifier for DCI formats – 1 bit

...

However, from the current specification we find that the identifier field always exists even if DCI format 1_1 and 0_1 have different payload sizes. In the following table we calculate the DCI size range without considering frequency resource allocation field.

Table 1 DCI size range of DCI 1-1 and 0-1
	DCI format
	Size range*

	DCI 1-1
	35~69

	DCI 0-1
	5~50


*The above DCI size did not include frequency resource allocation field for easy discussion. 

From above table we can find that DCI size of 1-1 and 0-1 can be either the same or different. So identifier field to differentiate DCI 1-1 and 0-1 is not necessary if the sizes are not the same.

Proposal 1: Identifier field is not needed when the sizes of DCI 1-1 and DCI 0-1 are different.
As DCI 2-2 and DCI 2-3 can be padded (if needed) to match DCI size of 1-0 and 0-0 defined by initial BWP. If these four DCI sizes are the same, the identifier filed has only 1 bit which can not provide 4 codes, so the identifier field also need to be further studied.

The RNTI range is listed in Table 2 as defined in [3]

Table 2 from Table 7.1-1: RNTI values[3]
	Value (hexa-decimal)
	RNTI

	0000
	N/A

	0001–FFEF
	RA-RNTI, Temporary C-RNTI, C-RNTI, CS-RNTI, TPC-CS-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, TPC-SRS-RNTI, INT-RNTI, SFI-RNTI, and SP-CSI-RNTI

	FFF0–FFFD
	Reserved

	FFFE
	P-RNTI

	FFFF
	SI-RNTI


From above table we can find that the RNTIs except for P-RNTI and SI-RNTI are all in the same range, but different value for different DCI format is the reasonable configuration.

If the RNTI values are assigned arbitrarily, a extreme example is that the same value is assigned to TPC-x-RNTI and C-RNTI. Thus UE cannot judge the DCI format by only one identifier. So the reasonable configuration is that TPC-x-RNTI and C-RNTI will be assigned with different values. As for TPC-x-RNTI, TPC-PUSCH-RNTI or TPC-PUCCH-RNTI and TPC-SRS-RNTI should also have different values.

Thus DCI 2-2 and 2-3 can be differentiated by RNTI instead of identifier field. So we think the identifier filed in DCI 2-2 and 2-3 can also be deleted.

Proposal 2: Identifier field is not needed for DCI format 2-2 and 2-3.
3 DCI size alignment between PDSCH/PUSCH mapping type A and B for DCI format 1_1/0_1
In order to get flexibility, independent higher layer DMRS configurations were adopted for PDSCH mapping type A and B as shown in the current 38.331[4].

PDSCH-Config ::= 





SEQUENCE {

dataScramblingIdentityPDSCH



INTEGER (0..1007)










  OPTIONAL,

dmrs-DownlinkForPDSCH-MappingTypeA

SetupRelease { DMRS-DownlinkConfig } OPTIONAL,
-- Need M

dmrs-DownlinkForPDSCH-MappingTypeB

SetupRelease { DMRS-DownlinkConfig } 
OPTIONAL,
-- Need M
DMRS-DownlinkConfig ::=



SEQUENCE {

dmrs-Type






ENUMERATED {type2}













OPTIONAL,
-- Need R

dmrs-AdditionalPosition



ENUMERATED {pos0, pos1, pos3}




OPTIONAL,
-- Need R

dmrs-group1






BIT STRING (SIZE (12))










OPTIONAL,
-- Need R

dmrs-group2






BIT STRING (SIZE (12))










OPTIONAL,
-- Need R

maxLength






ENUMERATED {len2}













OPTIONAL, 
-- Need R

scramblingID0





INTEGER (0..65535)












OPTIONAL, 
-- Need S

scramblingID1





INTEGER (0..65535)












OPTIONAL, 
-- Need S

phaseTrackingRS





SetupRelease { PTRS-DownlinkConfig
}


OPTIONAL,
-- Need M

...
}
After the higher layer DMRS parameters are configured, N bits ‘Antenna port(s)’ field in DCI format 1_1 are used for DMRS port indication where N is dependent with higher parameters dmrs-Type and maxLength. As described in current 38.212, N can be 4, 5, or 6, e.g. 4 bits of DMRS antenna port field are used if dmrs-Type=1 and maxLength=1 as shown in Table 7.3.1.2.2-1 in 38.212. But 6 bits of DMRS antenna port field are used if dmrs-Type=2 and maxLength=2 as shown in Table 7.3.1.2.2-4.

However, since the current PDSCH mapping type is indicated by DCI field ‘Time domain resource assignment’, DCI payload size for format 1_1 may dynamically vary with the change of PDSCH mapping type. That’s because mapping type A and type B may need different number of bits for DMRS antenna port indications. Consequently, there may be two payload sizes of 1_1 which need to to blindly detected in one slot. The increasing of UE complexity is obviously unacceptable.  

The same issue also exists in DCI format 0_1.

Observation: Dynamical indication of PDSCH/PUSCH mapping type may lead to different DCI sizes of format 1_1/0_1 because the number of bits for antenna port field depends on PDSCH/PUSCH mapping type.

To solve this issue, it is straightforward to use the maximum size between DCI format assumed mapping type A and that assumed mapping type B. If different higher layer DMRS configurations for mapping type A and type B lead to different DCI payload sizes, zeros should be appended in the smaller DCI until the size is equal to the larger DCI.

Proposal 3: If different higher layer DMRS configurations of mapping type A and type B lead to different DCI payload sizes, zeros should be appended in the smaller DCI until the payload size is equal to the larger one.
4 CBG and DMRS port

Based on the description in the current version of 38.212 in DCI format 1_1 [2], maximum 6 bits and 8 bits should be introduced for DMRS port indication and CBGTI respectively as following:

- 
Antenna port(s) – 4, 5, or 6 bits as defined by Tables 7.3.1.2.2-1/2/3/4, where the number of CDM groups without data of values 1, 2, and 3 refers to CDM groups {0}, {0,1}, and {0, 1,2} respectively.

...

-
CBG transmission information (CBGTI) – 0, 2, 4, 6, or 8 bits as defined in Subclause x.x of [6, TS38.214], determined by higher layer parameter maxCodeBlockGroupsPerTransportBlock for the PDSCH.

In Table 3, we provide the number of totally required bits for CBGTI and DMRS port indication for the worst case that 2 CWs are higher layer configured by Number-MCS-HARQ-DL-DCI. Including two MCS/NDI/RV fields and so on, the DCI overhead is much larger than LTE.

Table 3 - Total number of bits for CBGTI and DMRS indication when 2 CWs are higher layer configured

	 CBGTI
	CBGTI+DMRS type 2 with 2 symbols

(6 bits)
	CBGTI+DMRS type 2 with 1 symbol

(5 bits)
	CBGTI+DMRS type 1 with 2 symbols

(5 bits)

	8
	8 + 6 = 14
	8 + 5 = 13
	8 + 5 = 13

	6
	6 + 6 = 12
	6 + 5 = 11
	6 + 5 = 11

	4
	4 + 6 = 10
	4 + 5 = 9
	4 + 5 = 9

	2
	2 + 6 = 8
	2 + 5 = 7
	2 + 5 = 7

	0
	6
	5
	5


It is obviously useful if the maximum DCI overhead can be reduced without any performance loss. Fortunately, half of the CBGTI bits can be used for the DMRS port indication in the case when 2 CWs are higher layer configured but only one is enabled. When N bits CBGTI are higher layer configured for 2 CWs, N/2 bits are semi-statically allocated for each CW. If 1 CW is disabled in some slots, e.g. by MCS/RV=0/1, the unused N/2 CBGTI bits for the disabled CW can instead be used for the DMRS port indication.And the other N/2 bits for the enabled CW are still used for CBGTI. 

According to current DMRS tables, 6 or 5 bits are needed for DMRS port indication with 1 CW. However, only 3, 2  or 1 bits (very few entries) are needed for the DMRS indication with 2 CWs.  Table 4 provides separate requirements for the 1 CW enabled case and the 2 CWs enabled case. The final number of required bits should be the maximum value between the 1 CW enabled and the 2 CWs enabled case.

Table 4 - The actual requirement for CBGTI and DMRS indication when 2 CWs are higher layer configured

	 CBGTI
	DMRS type 2 with 2 symbols
	DMRS type 2 with 1 symbol
	DMRS type 1 with 2 symbols

	
	1 CW enabled
	2CW enabled
	Total
	1 CW enabled
	2CW enabled
	Total
	1 CW enabled
	2CW enabled
	Total

	8
	4 + 6 = 10
	8 + 3 = 11
	11
	4 + 5 = 9
	8 + 1 = 9
	9
	4 + 5 = 9
	8 + 2 = 10
	10

	6
	3 + 6 = 9
	6 + 3 = 9
	9
	3 + 5 = 8
	6 + 1 = 7
	 8
	3 + 5 = 8
	6 + 2 = 8
	 8

	4
	2 + 6 = 8
	4 + 3 = 7
	8
	2 + 5 = 7
	4 + 1 = 5
	 7
	2 + 5 = 7
	4 + 2 = 6
	 7

	2
	1 + 6 = 7
	2 + 3 = 5
	7
	1 + 5 = 6
	2 + 1 = 3
	 6
	1 + 5 = 6
	2 + 2 = 4
	 6

	0
	
	
	6
	
	
	5
	
	
	5


Based on Table 4, e.g. for CBGTI with 8 bits and DMRS type 2 with 1 symbol, total 9 bits are enough for CBGTI and DMRS port indication and 4 bits DCI overhead are saved compared with Table 1.

· If both 2 CWs are enabled, 8 bits are for CBGTI and 1 bit for DMRS port indication.

· If only 1 CW is enabled, 4 bits are for CBGTI and 5 bits are for DMRS port indication.

Proposal 4: Reserved bits for CBGTI of disabled CW should be used for DMRS port indication when 2 CWs are configured by higher layer parameter and only one is enabled. 
TP 1: Capture following description in section 7.3.1.2.2 of 38.212. 

	...

- 
Antenna port(s) – 4, 5, or 6 bits as defined by Tables 7.3.1.2.2-1/2/3/4, where the number of CDM groups without data of values 1, 2, and 3 refers to CDM groups {0}, {0,1}, and {0, 1,2} respectively. When N bits for CBGTI and 2 CWs are higher layer configured, X total bits in the DCI field for antenna port indication and CBGTI follow Table 7.3.1.2.2-5, wherein N/2 bits for CBGTI and X-N/2 bits for antenna port indication are used if only 1 CW is enabled, N bits are for CBGTI and X-N bits for antenna port indication otherwise.

Table 7.3.1.2.2-5 Reserved bits in DCI for CBGTI and DMRS port indication
 CBGTI

DMRS type 2 with 2 symbols

DMRS type 2 with 1 symbol

DMRS type 1 with 2 symbols

8

11  
9
10
6

9
 8
 8
4

8
 7
 7
2

7
 6
 6
0

6
5
5



5 Conclusion

Proposal 1:Identifier field is not needed when the sizes of DCI 1-1 and DCI 0-1 are different.
Proposal 2:Identifier field is not needed for DCI 2-2 and 2-3.

Proposal 3: If different higher layer DMRS configurations of mapping type A and type B lead to different DCI payload sizes, zeros should be appended in the smaller DCI until the size is equal to the larger one.

Proposal 4: Reserved bits for CBGTI of disabled CW should be used for DMRS port indication when 2 CWs are configured by higher layer parameter and only one is enabled. 
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