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Introduction

In this contribution, we give our viewpoints on DCI size budget. CBG and DMRS port relevant issues are the re-submission of R1-1801624.
The DCI size relevant agreements and working assumptions are listed below[1][2]:

RAN1# 92

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

AH#1801

(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

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
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.
As shown in the updated working assumption reached in RAN1#92 meeting, the DCI size of 0-0 and 1-0 can be given by initial DL BWP for CSS and active BWP for USS if the DCI size budget is fulfilled.

DCI size budget

In RAN1 Ah#1801 meeting, the support of SI-RNTI,RA-RNTI,P-RNTI for RRC configured SS was reached. Base on the agreement and current specification [3] we list the RNTI type for USS and CSS in Table 1.

Table 1 summary of RNTI type for DCI in different search space

	Search space type
	RNTI type for DCI CRC scrambling

	CSS(0/1-0)
	C-RNTI,CS-RNTI,SP-CSI-RNTI,RA-RNTI,TC-RNTI,P-RNTI,SI-RNTI

	USS*
	C-RNTI,CS-RNTI,TC-RNTI,SP-CSI-RNTI


*The relationship between DCI type (0/1-0 or 0/1-1) and RNTI is not reached in Ah#1801 meeting and not updated in RAN1 #92 meeting.

If C-RNTI scrambled DCI 0/1-0 are in both CSS and USS, and DCI 0/1-1 with C-RNTI are also configured ,the total number of DCI size is 4 when DCI 1/0-0 in CSS and USS are not size aligned. 

DCI size alignment is a efficient way to fulfill DCI size budget if the size alignment of DCI  0/1-0 in CSS and USS is adopted.

One focus point is whether default or initial BWP is used for DCI size determining, we think default BWP is more appropriate considering the following reasons:

Merits brought by flexible default BWP configuration such as load balancing, more addressing capability, etc. ;
Default BWP is a supper set of initial BWP, initial BWP can always be configured as default BWP;
Rules and signaling are already defined for default BWP, no need for more specification effort. 

Proposal 1: For DCI size of DCI 0/1-0 in CSS, we prefer to use default BWP to determine it.

To meet C-RNTI DCI and DCI size budget, some FFS solutions are listed as follows:

---------------------------------------start in RAN1 # 92 ------------------------------------------------

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

---------------------------------------start in RAN1 # 92 ------------------------------------------------

For solution 1, as the size of  DCI 1-1 and DCI 0-1 may differ is agreed in previous meeting, so  align 0-1 and 1-1 is not a general solution but for certain scenario.

For solution 2, the obvious issue is that BWP configuration is limited.

Solution 3 and 4 can be combined for discussion, we think it reasonable to configure it in USS or CSS for DCI 0/1-0 instead of both to acquire concise specification in addition to DCI size budget. If other UE specific DCI is needed it can transmit it using DCI 0/1-1.

Besides, DCI 2-x is also need considered for DCI size budget, so configuration is a inevitable solution for DCI size budget of DCI 0/1-0, DCI 0/1-1 and DCI 2-x.

Proposal 2: When C-RNTI DCI size budget is a concern, DCI 0/1-0 and DCI 0/1-1 are configured in CSS and USS respectively. 

For frequency-domain field interpretation, the simplest way is interpret frequency resource based on the current BWP. 

Let’s take Figure 1 as an example, through signaling or certain rules UE is linked to a default BWP,  UE calculate the start position and length for frequency domain resource allocation by RIV value while the bit width is based on the default BWP. The start position and length is interpreted as the resource position of the active BWP. If default BWP has bigger bandwidth than active BWP, the network should ensure that the frequency range from RIV values are not exceeded for active BWP bandwidth.

The derivation procedure from RIV value to frequency domain resource should be based on the default BWP for simplicity. Thus we can say that the RIV is parsed by the default BWP but the allocated resources are applied to the active BWP.
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Figure 1 Addressing capability for RA field based on a different BWP.
Proposal 3: UE interpret frequency-domain resource based on the active BWP, while the derivation from RIV value to frequency resource should be based on the BWP which DCI size is aligned with.
CBG and DMRS port

Based on the description in the current version of 38.212 in DCI format 1_1 [4], 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 configured by higher layers, X total bits in the DCI field for DMRS port indication and CBGTI follow Table 7.3.1.2.2-5, wherein N/2 bits for CBGTI and X-N/2 bits for DMRS port indication are used if only 1 CW is enabled, N bits are for CBGTI and X-N bits for DMRS 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



Conclusion

Proposal 1: For DCI size of DCI 0/1-0 in CSS, we prefer to use default BWP to determine it..

Proposal 2: When C-RNTI DCI size budget is a concern, DCI 0/1-0 and DCI 0/1-1 are configured in CSS and USS respectively. 

Proposal 3: UE interpret frequency-domain resource based on the active BWP, while the derivation from RIV value to frequency resource should be based on the BWP which DCI size is aligned with.

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 configured by higher layers, X total bits in the DCI field for DMRS port indication and CBGTI follow Table 7.3.1.2.2-5, wherein N/2 bits for CBGTI and X-N/2 bits for DMRS port indication are used if only 1 CW is enabled, N bits are for CBGTI and X-N bits for DMRS 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
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