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1 Introduction

In this contribution, the remaining issues on the resource allocation in the time domain and frequency domain have been discussed.

2 Resource allocation in time domain 

In this section, detailed discussion on the mapping between SLIV value and actually configuration of resource allocation, have been conducted based following agreements [1][2]:
Agreements:
For PDSCH:

· Supported combinations for PDSCH mapping type A:

· Starting symbol can be symbol index #0, 1, 2, 3 in a slot.

· Length of the PDSCH is at least X symbols, up to 14 symbols within a slot, such that slot boundary is not crossed 

· FFS the value of X

· Supported combinations for PDSCH mapping type B:

· Length of the PDSCH can be 2, 4, or 7 symbols.

· Starting symbol can be any position within a slot, such that slot boundary is not crossed.

For PUSCH

· PUSCH mapping type A:

· Starting symbol is symbol index #0 in a slot.
· Length of the PUSCH is at least Y symbols, up to 14 symbols

· FFS the value of Y

· PUSCH mapping type B (All 105 combinations)

· Length of the PUSCH can be 2 through 14 symbols, and with 1 symbol as a working assumption
Starting symbol can be any position within a slot, such that slot boundary is not crossed.

Agreements:

· Regarding “Length of the PDSCH is at least X symbols” (PDSCH mapping type A), X=3

· Regarding “Length of the PUSCH is at least Y symbols” (PUSCH mapping type A), Y=4

Meanwhile, based on the existing multiplexing pattern for SSB and Type0-PDCCH, the corresponding resource pattern for RMSI is also discussed.
2.1 The indication of SLIV values 

In existing spec, the Time domain resource assignment field of the DCI provides a row index of a higher layer configured table for UL and DL, separately with up to 16 rows in each Table. Moreover, the following content is included in each row by RRC:  
For DL table:

· K0 using 2 bits (for DL table)

· an index (6-bit) into a table/equation in RAN1 specs capturing valid combinations of start symbol and length (jointly encoded)

· PDSCH mapping type A or B.(1-bit)
For UL table:

· K2 using 3 bits (for UL table)

· an index (7-bit) into a table/equation in RAN1 specs capturing valid combinations of start symbol and length (jointly encoded)

· PUSCH mapping type A or B. (1-bit)
For UL table, 7 bits are used to indicate the combinations of start symbol and length. In other words, the SLIV of the combinations indicated by the 7 bits. There are total 105 SLIVs in UL table and the values of the 105 SLIVs are from 1 to 105 even distributed. The values of 7 bits interpreted as decimal are from 0 to 128 which are enough to express all the SLIV value for both NCP and ECP. Thus, for UL indication, the 7 bits of index can directly interpreted as SLIV value. 

Proposal 1: For UL table, the 7 bits of index can directly interpreted as SLIV value.

However, for DL table, only 6 bits are used to indicate the combinations of start symbol and length, which is not enough to describe all SLIV in DL table. Since the directly mapping between the index and SLIV does not work for DL, the specific mapping table of the 6 bits index to SLIV values should be considered. 
Based on the agreements above, the applicable combinations of start symbol and length of normal CP and extended CP are showed in Table 2.1-1.
Table 2.1-1: Valid S and L combinations

	PDSCH mapping type
	Normal cyclic prefix
	Extended cyclic prefix

	
	S
	L
	S+L
	S
	L
	S+L

	Type A
	{0,1,2,3}
	{3,…,14}
	{3,…,14}
	{0,1,2,3}
	{3,…,12}
	{3,…,12}

	Type B
	{0,....,12}
	{2,4,7}
	{2,…,14}
	{0,…,10}
	{2,4,6}
	{2,…,12}


For supporting all cases, total 4 pre-defined mapping tables (Table 2.1-2 to 2.1-5) for NCP with mapping type A, NCP with mapping type B, ECP with mapping type A, ECP with mapping type B are proposed.
Table 2.1-2   Mapping table for PDSCH mapping type A NCP

	Index
	SLIV
	Start
	Length

	0
	27
	0
	14

	1~4
	28,29,30,31
	0,1,2,3
	3

	5~6
	40,41
	0,1
	13

	7~10
	42,43,44,45
	0,1,2,3
	4

	11~13
	53,54,55
	0,1,2
	12

	14~17
	56,57,58,59
	0,1,2,3
	5

	18~21
	66,67,68,69
	0,1,2,3
	11

	22~25
	70,71,72,73
	0,1,2,3
	6

	26~29
	79,80,81,82
	0,1,2,3
	10

	30~33
	84,85,86,87
	0,1,2,3
	7

	34~37
	92,93,94,95
	0,1,2,3
	9

	38~41
	98,99,100,101
	0,1,2,3
	8


Table 2.1-3   Mapping table for PDSCH mapping type B NCP

	Index
	SLIV
	Start
	Length

	0~12
	14~26
	0~12
	2

	13~23
	42~52
	0~10
	4

	24~31
	84~91
	0~7
	7


Table 2.1-4   Mapping table for PDSCH mapping type A ECP

	Index
	SLIV
	Start
	Length

	0
	23
	0
	12

	1~4
	24~27
	0~3
	3

	5~6
	34~35
	0,1
	11

	7~10
	36~39
	0~3
	4

	11~13
	45~47
	0,1,2
	10

	14~17
	48~51
	0~3
	5

	18~21
	56~59
	0~3
	9

	22~25
	60~63
	0~3
	6

	26~29
	68~71
	0~3
	8

	30~33
	72~75
	0~3
	7


Table 2.1-5   Mapping table for PDSCH mapping type B ECP

	Index
	SLIV
	Start
	Length

	0~10
	12~22
	0~10
	2

	11~19
	36~44
	0~8
	4

	20~25
	60~65
	0~5
	6


Proposal 2: For DL table, four separately tables for the mapping between index and SLIV value should be considered.
2.2 Consideration on time domain resource allocation for RMSI
In tables of section 13 of [4], Type0-PDCCH common search space configuration were specified. The location of search space within a slot for RMSI and SSB multiplexing pattern 1 can be listed in the following table. 

Table 2.2-1 Location of Type0-PDCCH common search space within a slot for pattern1

	Search space location index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	1
	Dc
	
	
	
	
	
	
	
	
	
	
	
	
	

	2
	
	Dc
	
	
	
	
	
	
	
	
	
	
	
	

	3
	
	
	Dc
	
	
	
	
	
	
	
	
	
	
	

	4
	Dc
	Dc
	
	
	
	
	
	
	
	
	
	
	
	

	5
	
	Dc
	Dc
	
	
	
	
	
	
	
	
	
	
	

	6
	Dc
	Dc
	Dc
	
	
	
	
	
	
	
	
	
	
	

	7
	Dc
	Dc
	
	
	
	
	
	
	
	
	
	
	
	

	8
	Dc
	Dc
	Dc
	Dc
	
	
	
	
	
	
	
	
	
	

	9
	Dc
	
	
	
	
	
	
	Dc
	
	
	
	
	
	

	10
	Dc
	Dc
	
	
	
	
	
	Dc
	Dc
	
	
	
	
	

	11
	Dc
	Dc
	Dc
	Dc
	Dc
	Dc
	
	
	
	
	
	
	
	

	12
	Dc
	Dc
	Dc
	
	
	
	
	Dc
	Dc
	Dc
	
	
	
	

	13
	
	Dc
	
	
	
	
	
	
	
	
	
	
	
	

	14
	
	
	Dc
	Dc
	
	
	
	
	
	
	
	
	
	

	15
	
	
	
	
	
	
	
	Dc
	
	
	
	
	
	

	17
	
	
	
	
	
	
	
	Dc
	Dc
	
	
	
	
	

	18
	
	
	
	Dc
	Dc
	Dc
	
	
	
	
	
	
	
	

	19
	
	
	
	
	
	
	
	Dc
	Dc
	Dc
	
	
	
	


For SS/PBCH block and RMSI multiplexing pattern 1, SS/PBCH block is included within the initial active BWP. It is hardly to avoid mapping RMSI and SS/PBCH block into different slot, especially for the case with lower SS/PBCH burst set periodicity or longer total duration of PDCCH monitoring window configuration. 

According to the following description in 38.214[3], SS/PBCH block location should be considered for resource allocation of RMSI PDSCH. 

	5.1
UE procedure for receiving the physical downlink shared channel[3]
When receiving the PDSCH conveying [SystemInformationBlockType1], a UE shall assume that no SS/PBCH block is transmitted in REs used by the UE for a reception of the PDSCH.


Observation 1: Comparing with time domain resource allocation for common PDSCH, some specific factors should be further considered for RMSI PDSCH, such as, the sspecific location of Dc, avoiding to allocate symbols occupied by SS/PBCH block. 
Furthermore, considering different types of time domain mapping patterns from SS/PBCH blocks to slots as defined in [4], time domain resource allocation for RMSI should be specified for different SCS combinations of SS/PBCH block and RMSI respectively. 

Observation 2: Time domain resource allocation for RMSI should be specified for different SCS combinations of SS/PBCH block and RMSI respectively. 

For FR1, the search space location in Table 2.2-2 are supported. 

Table 2.2-2 Location of Type0-PDCCH common searching space within a slot for FR1

	Searching space location index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	1
	Dc
	
	
	
	
	
	
	
	
	
	
	
	
	

	2
	
	Dc
	
	
	
	
	
	
	
	
	
	
	
	

	3
	
	
	Dc
	
	
	
	
	
	
	
	
	
	
	

	4
	Dc
	Dc
	
	
	
	
	
	
	
	
	
	
	
	

	5
	
	Dc
	Dc
	
	
	
	
	
	
	
	
	
	
	

	6
	Dc
	Dc
	Dc
	
	
	
	
	
	
	
	
	
	
	

	7
	Dc
	Dc
	
	
	
	
	
	
	
	
	
	
	
	

	8
	Dc
	Dc
	Dc
	Dc
	
	
	
	
	
	
	
	
	
	

	9
	Dc
	Dc
	Dc
	Dc
	Dc
	Dc
	
	
	
	
	
	
	
	

	10
	
	Dc
	
	
	
	
	
	
	
	
	
	
	
	

	11
	
	
	Dc
	Dc
	
	
	
	
	
	
	
	
	
	

	12
	
	
	
	Dc
	Dc
	Dc
	
	
	
	
	
	
	
	


SCS{SSB, RMSI} = {15, 15}kHz

Considering SS/PBCH block mapping pattern under SCS{SSB, RMSI} = {15, 15}kHz, potential RMSI PDSCH time domain locations have been listed in Table 2.2-3. Wherein, the search space location indexes conform to that in table2. Search space locations for index {1, 2, 4, 10} can be defined as a class, i.e. the end symbol no later than symbol 1. Search space locations for index {3, 5, 6} can be defined as another class, i.e. the end symbol is symbol 2. 
Table 2.2-3 SCS{SSB, RMSI} = {15, 15}kHz

	Search space location index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	SSB mapping pattern
	
	
	SSB0
	
	
	SSB1
	
	

	1,2,4,10
	
	Dc
	SSB0
	Dd
	Dd
	Dd
	Dd
	
	
	
	

	1,2,4,10
	
	Dc
	SSB0
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	

	1,2,4,10
	
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	SSB1
	
	

	1,2,4,10
	
	Dc
	SSB0
	Dd
	Dd
	SSB1
	Dd
	Dd

	3,5,6
	
	
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	SSB1
	
	

	7
	Dc
	Dc
	SSB0
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd

	7
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	SSB1
	Dd
	Dd

	8
	Dc
	Dc
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	SSB1
	
	

	8
	Dc
	Dc
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	SSB1
	Dd
	Dd

	9
	Dc
	Dc
	Dc
	Dc
	Dc
	Dc
	Dd
	Dd
	SSB1
	Dd
	Dd

	11
	
	
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	SSB1
	
	

	12
	
	
	
	Dc
	Dc
	Dc
	Dd
	Dd
	SSB1
	Dd
	Dd


Some specific time domain RA configurations for {15, 15} kHz can be identified and shown in Table 2.2-4. 

Note that some Dd with 2 symbols are deleted due to not enough for RMSI transmission. 

Table 2.2-4 specific time domain RA configurations for {15, 15} kHz
	RA(i)
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	1
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	
	
	
	

	2
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	

	3
	
	
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	

	4
	
	
	
	
	
	
	Dd
	Dd
	
	
	
	
	Dd
	Dd

	5
	
	
	
	Dd
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	

	6
	
	
	
	
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd

	7
	
	
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	
	
	

	8
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	


SCS{SSB, RMSI} = {15, 30}kHz

Based on the same concept, the case of {15, 30}kHz is shown in Table 2.2-5. And some specific time domain RA configurations for {15, 15}kHz are listed in table 8. The Dd with symbols no larger than 2 are deleted. 

Table 2.2-5 SCS{SSB, RMSI} = {15, 30} kHz

	Search space location index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	SSB in  symbol 0-6
	
	
	
	
	SSB
	
	

	1,2,4,10
	
	Dc
	Dd
	Dd
	SSB
	Dd
	Dd

	1,2,4,10
	
	Dc
	Dd
	Dd
	SSB
	
	

	3,5,6
	
	
	Dc
	Dd
	SSB
	
	

	3,5,6
	
	
	Dc
	Dd
	SSB
	Dd
	Dd

	7
	Dc
	Dc
	Dd
	Dd
	SSB
	Dd
	Dd

	8
	Dc
	Dc
	Dc
	Dc
	SSB
	
	

	9
	Dc
	Dc
	Dc
	Dc
	Dc
	Dc
	
	
	
	
	
	
	
	

	11
	
	
	Dc
	Dc
	SSB
	Dd
	Dd

	12
	
	
	
	Dc
	Dc
	Dc
	
	
	
	
	
	
	
	

	SSB in symbol 7-13
	
	
	SSB
	
	
	
	

	1,2,4,10
	
	Dc
	SSB
	Dd
	Dd
	Dd
	Dd


Table 2.2-6 specific time domain RA configurations for {15, 30}kHz

	RA(i)
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	1
	
	
	Dd
	Dd
	
	
	
	
	
	
	
	
	Dd
	Dd

	2
	
	
	
	Dd
	
	
	
	
	
	
	
	
	Dd
	Dd

	3
	
	
	
	
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd


SCS{SSB, RMSI} = {30, 15}kHz

The cases of {30, 15}kHz is shown in table A1 and table A2 respectively in the appendix. The specific time domain RA configurations for {30, 15}kHz are listed in Table 2.2-7.
Table 2.2-7 specific time domain RA configurations for {30, 15}kHz

	RA(i)
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	1
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	

	2
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	
	
	

	3
	
	
	Dd
	Dd
	
	
	Dd
	Dd
	
	
	
	
	
	

	4
	
	
	
	
	
	
	Dd
	Dd
	
	
	Dd
	Dd
	
	

	5
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	
	
	
	

	6
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	

	7
	
	
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	
	

	8
	
	
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	

	9
	
	
	
	Dd
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	

	10
	
	
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	
	
	
	

	11
	
	
	
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	
	
	
	

	12
	
	
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	
	
	

	13
	
	
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	
	
	

	14
	
	
	
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	
	
	

	15
	
	
	Dd
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	
	

	16
	
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	
	
	

	17
	
	
	
	
	
	
	
	
	Dd
	Dd
	
	
	Dd
	Dd

	18
	
	
	
	
	
	
	
	
	Dd
	Dd
	Dd
	
	
	Dd


SCS{SSB, RMSI} = {30, 30}kHz

The cases of {30, 30}kHz is shown in table A3 and table A4 respectively in the appendix. The specific time domain RA configurations for {30, 30}kHz are listed in Table 2.2-8
Table 2.2-8 specific time domain RA configurations for {30, 30}kHz

	RA(i)
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	1
	
	
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	
	

	2
	
	
	
	Dd
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd

	3
	
	
	Dd
	Dd
	
	
	
	
	Dd
	Dd
	
	
	
	

	4
	
	
	
	
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd

	5
	
	
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	

	6
	
	
	
	Dd
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	

	7
	
	
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	
	
	

	8
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	

	9
	
	
	
	
	
	
	Dd
	Dd
	
	
	
	
	Dd
	Dd

	10
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	
	
	
	

	11
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	

	12
	
	
	
	Dd
	Dd
	Dd
	
	
	
	
	Dd
	Dd
	Dd
	Dd

	13
	
	
	
	
	Dd
	Dd
	
	
	
	
	Dd
	Dd
	
	


For FR2, the search space location in Table 2.2-9 are supported. 

Table 2.2-9 Location of Type0-PDCCH common searching space within a slot for FR2

	Search space location index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	1
	Dc
	
	
	
	
	
	
	
	
	
	
	
	
	

	2
	Dc
	Dc
	
	
	
	
	
	
	
	
	
	
	
	

	3
	Dc
	Dc
	Dc
	
	
	
	
	
	
	
	
	
	
	

	4
	Dc
	Dc
	
	
	
	
	
	
	
	
	
	
	
	

	5
	Dc
	Dc
	Dc
	Dc
	
	
	
	
	
	
	
	
	
	

	6
	Dc
	Dc
	Dc
	Dc
	Dc
	Dc
	
	
	
	
	
	
	
	

	7
	
	Dc
	
	
	
	
	
	
	
	
	
	
	
	

	8
	
	
	Dc
	Dc
	
	
	
	
	
	
	
	
	
	

	9
	
	
	
	Dc
	Dc
	Dc
	
	
	
	
	
	
	
	

	10
	Dc
	
	
	
	
	
	
	Dc
	
	
	
	
	
	

	11
	Dc
	Dc
	
	
	
	
	
	Dc
	Dc
	
	
	
	
	

	12
	Dc
	Dc
	Dc
	
	
	
	
	Dc
	Dc
	Dc
	
	
	
	

	13
	
	
	
	
	
	
	
	Dc
	
	
	
	
	
	

	14
	
	
	
	
	
	
	
	Dc
	Dc
	
	
	
	
	

	15
	
	
	
	
	
	
	
	Dc
	Dc
	Dc
	
	
	
	


SCS{SSB, RMSI} = {120, 60}kHz

The cases of {120, 60}kHz is shown in table A5 in the appendix. The specific time domain RA configurations for {120, 60}kHz are listed in Table 2.2-10. 

Table 2.2-10 specific time domain RA configurations for {120, 60}kHz

	RA(i)
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	1
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	

	2
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	
	
	

	3
	
	
	Dd
	Dd
	
	
	Dd
	Dd
	
	
	
	
	
	

	4
	
	
	
	
	
	
	Dd
	Dd
	
	
	Dd
	Dd
	
	

	5
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	
	
	
	

	6
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	

	7
	
	
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	
	

	8
	
	
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	

	9
	
	
	
	Dd
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	

	10
	
	
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	
	
	
	

	11
	
	
	
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	
	
	
	

	12
	
	
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	
	
	

	13
	
	
	
	
	
	
	
	
	Dd
	Dd
	
	
	Dd
	Dd

	14
	
	Dd
	
	
	Dd
	Dd
	Dd
	
	
	
	
	
	
	

	15
	
	
	
	
	Dd
	Dd
	Dd
	
	
	Dd
	
	
	
	

	16
	
	Dd
	Dd
	Dd
	
	
	Dd
	
	
	
	
	
	
	

	17
	
	
	Dd
	Dd
	
	
	Dd
	
	
	Dd
	
	
	
	

	18
	
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	
	

	19
	
	
	
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	

	20
	
	
	
	
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd


SCS{SSB, RMSI} = {120, 120}kHz

The cases of {120, 120}kHz is shown in table A6 in the appendix. The specific time domain RA configurations for {120, 120}kHz are listed in Table 2.2-11. 

Table 2.2-11 specific time domain RAs configuration for {120, 120}kHz

	RA(i)
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	1
	
	
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	
	

	2
	
	
	
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	

	3
	
	
	Dd
	Dd
	
	
	
	
	Dd
	Dd
	
	
	
	

	4
	
	
	
	
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd

	5
	
	
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	

	6
	
	
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	
	
	

	7
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	

	8
	
	
	
	
	
	
	Dd
	Dd
	
	
	
	
	Dd
	Dd

	9
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	
	
	
	

	10
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	

	11
	
	
	
	
	Dd
	Dd
	
	
	
	
	Dd
	Dd
	
	

	12
	
	Dd
	
	
	
	
	Dd
	
	Dd
	Dd
	
	
	
	

	13
	
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	
	
	
	

	14
	
	
	
	
	
	Dd
	Dd
	
	
	
	
	
	Dd
	Dd


SCS{SSB, RMSI} = {240, 60}kHz

The cases of {240, 60}kHz is shown in table A7 in the appendix. The specific time domain RA configurations for {240, 60}kHz are listed in Table 2.2-12. 

Table 2.2-12 specific time domain RAs configuration for {240, 60}kHz

	RA(i)
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	1
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	
	
	
	

	2
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	

	3
	
	
	
	
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd

	4
	
	Dd
	
	
	
	
	Dd
	
	Dd
	Dd
	
	
	
	

	5
	
	
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	
	

	6
	
	
	
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	

	7
	
	
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	

	8
	
	
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	
	
	

	9
	
	
	
	
	
	
	Dd
	Dd
	
	
	
	
	Dd
	Dd

	10
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	

	11
	
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	
	
	
	

	12
	
	
	
	
	
	Dd
	Dd
	
	
	
	
	
	Dd
	Dd


SCS{SSB, RMSI} = {240, 120}kHz

The cases of {240, 120}kHz is shown in table A8 in the appendix. The specific time domain RA configurations for {240, 120}kHz are listed in Table 2.2-13. 

Table 2.2-13 specific time domain RAs configuration for SCS{SSB, RMSI} = {240, 120}kHz

	RA(i)
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	1
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	

	2
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	
	
	

	3
	
	
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	
	

	4
	
	Dd
	
	
	Dd
	Dd
	Dd
	
	
	
	
	
	
	

	5
	
	
	
	
	Dd
	Dd
	Dd
	
	
	Dd
	
	
	
	

	6
	
	
	
	
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd

	7
	
	
	
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	

	8
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	
	
	
	

	9
	
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	

	10
	
	Dd
	Dd
	Dd
	
	
	Dd
	
	
	
	
	
	
	

	11
	
	
	Dd
	Dd
	
	
	Dd
	
	
	Dd
	
	
	
	

	12
	
	
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	
	
	

	13
	
	
	
	
	Dd
	Dd
	
	
	Dd
	Dd
	
	
	
	

	14
	
	
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	

	15
	
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	
	

	16
	
	
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	
	
	
	

	17
	
	
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	
	
	

	18
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	

	19
	
	
	
	
	
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	

	20
	
	
	
	
	
	
	
	
	Dd
	Dd
	
	
	Dd
	Dd

	21
	
	
	
	
	
	
	Dd
	
	
	Dd
	
	
	Dd
	Dd


Based on the above analysis, we have the following proposals. 

Proposal 3: NR should support time domain RA for RMSI PDSCH in Table 6, 8, 9, 10, 12, 13, 14 and 15 for SCS combinations of SS/PBCH block and RMSI {15, 15}, {15, 30}, {30, 15}, {30, 30}, {120, 60}, {120, 120}, {240, 60} and {240, 120} respectively. 
3 Resource allocation in Frequency domain 

In case of the BWP switching, the following working assumption has been made for resource allocation in frequency domain:
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

The operation of truncate and zero-pad are used for all bitfields of the DCI related to current BWP, not only the resource allocation bitfields. Since the resource allocation bitfields directly related to the BWP size, and the BWP switching affect resource allocation bitfields heavily comparing with other bitfields. The discussion about BWP switching are mainly about RA bitfields. And the size of other bitfields, for example the bitfields of multi-antenna related information concerned by some companies, are also determined based on the size of BWP. Thus, these bitfileds should be transformed by zero-pad or truncate if it switch from the current BWP to the new BWP. 
Proposal 4: Confirm the working assumption and apply zero-pad and truncate for all DCI bitfileds.

3.1 Zero-pad operation

If the bitfields for RA in the new BWP is bigger than the bitfields for the current BWP, zero-padding is performed to the original bit field to match to the size of the new BWP. For type 0, zero-padding to the MSB or zero-padding to the LSB have the same number of the allocated PRBs in the new BWP, only the position is different. 

For type 1, zero-pad to the MSB or zero-pad to the LSB will lead to heavily different allocated PRBs in the new BWP. Zero-pad to the MSB will result in a larger RIV value, in contrast, zero-pad to the LSB will result in a smaller RIV value. Since the characteristic of RIV, the larger RIV value does not always meaning more PRBs, and the smaller RIV value does not meaning smaller PRBs. And the zero-pad can only generate larger RIV value or smaller RIV value, the rest RIV value can not be indicated. With the low schedule flexibility, the frequency resource collision will happen in the new BWP. The transform of zero-pad may bring some shortcoming comparing with full flexibility resource allocation.

Therefore, some company propose that a bitfield size is determined by the largest required bitfield size across the configured BWPs, then UE truncates too large bitfields in the DCI to match the scheduled BWP. With this method, it leads to a huge waste.  

Propose 5: The bitfield size determined by the largest required bitfield size across the configured BWPs should be avoid.

And some company propose the methods of null-assignment . With null-assignment, the first slot after the BWP switching transition time will not allocate any resource. It may lead to even large latency. For example, the frame structure is show in figure 3-1. If the UL slot need to transmit on a new BWP, the DCI containing active BWP switch is transmitted on the DL slot before the UL slot. After completing the BWP switch transition time, the UL slot can transmit on new BWP. But, with null-assignment, there is no resource allocated for this UL slot. The first UL slot that transmit on new BWP must through extra four slots delay. Considering the scenario that the number of DL slots are much more than UL slot, the extra latency may be inevitable. 
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Figure 3-1

Observation 3: The null-assignment of BWP switch will lead to a large latency.

Considering the significant performance loss for the aforementioned solution, the following new methods should be consider for the type 1 zero-pad case.
3.2.1 Zero-pad with one-bit indication 

The transform of zero-pad have two options, zero-pad to LSB of the original bitfields to achieve a larger RIV value or zero-pad to MSB of the original bitfields to achieve a smaller RIV value, showing in the figure 3-2. In order to provide more flexibility, the two option can be dynamic determined. Therefore, there should be one bit to indicate the option. We propose that one bit in the original bitfields to indicate the zero-padding scheme and it does not need extra bit.
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Figure 3-2

Proposal 6: There should be one bit in the original bit field to indicate the zero-padding option. 

3.2.2 Zero-pad with new interpretation

In general, the RA bitfileds in DCI directly interpreter to corresponding RIV value. However, the RA bitfileds transformed by zero-pad will suffer a lot constrain. The RIV value interpreted by the zero-pad RA bitfileds can only be larger RIV value when zero-pad to LSB or be smaller RIV value when zero-pad to MSB. There are many RIV values that cannot be indicated. 

A new way of interpret the RA bitfields of transformed DCI should be support. The zero-pad DCI only used to match the DCI size of new BWP. And the bifields of original DCI interpret as the sampling of the DCI of new BWP. For example, the RA bitfileds of new BWP is 10 bits, and the RA bitfileds of current BWP is 5 bits. So it needs pad 5 zero to the original RA bitfileds. The 10 bits corresponding to 1024 different RIV value, and 5 bits can only corresponding to 32 different RIV value. We propose that the original 5 bits interpret as a sampling of 1024 different RIV value with the sampling interval
[image: image3.wmf]32
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, as show in figure 3-3, and almost all the range of RIV value of new BWP can be indicated. It also can be more flexibility by introduce an offset to the sampling interval.
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Figure 3-3

Proposal 7: The interpretation of sampling of RA bitfileds should be supported in transformed RA bitfields.
3.2.3 One special state for null-assignment

Because of the DCI transformed by zero-pad does not have full flexibility to schedule any numbers of PRB and anywhere of PRB of the new BWP. In some scenario, the PRBs scheduled by transformed DCI will inevitable collide with the PRBs occupied by other transmission in new BWP. The collision can be avoid by null-assignment that the transformed DCI does not schedule any PRB in new BWP. There should be an state of RA bitfields to indicate the null-assignment, and all bits of RA bitfields set to 0 is a good choice.

	RA bitfields: 00000
	zero-pad RA bitfields: 00000000
	Null-assignment


Proposal 8: There should be a state in transformed DCI corresponding to null-assignment.

3.2 Truncated transform operation

When the bitfields of the current BWP is larger than the bitfields of the new BWP, the truncation operation is needed to match the size of the bitfields. The truncation operation is relatively simple; it is just to remove some bits from the original bit field to match the bit field size of the new BWP. For both type 0 and type 1, the operation of truncation will not affect the indication information of bit fields of the new BWP, since the bits of indication of new BWP are completely reserved with no bit positions being changed.

For type 1, the bitfields of BWP is proportional to the bandwidth of BWP. It is means that bigger bit fields correspond to bigger bandwidths. So the truncation operation corresponding to the BWP switching is changing from a bigger BWP to a smaller BWP and to reserve the LSB of the bit field is more reasonable for truncating.

For type 0, it is based on bitmap for resource allocation, thus to reserve the LSB or the MSB makes no difference. To ensure the consistency with type 1, type 0 should also reserve the LSB of the bit field for truncating.

Proposal 9: For type 0 and type 1 resource allocation, reserve the LSB of the bit fields for truncating.

4 Resource allocation for slot-aggregation

For slot-aggregation, the same symbol allocation is used across slots in UL and DL. And the aggregation factor configured by RRC indicate the number of slots of aggregation. As shown below, in the existing 38.214 [3], the restriction ‘consecutive slots’ is added in the description of aggregation slots for both UL and DL. 
	5.1.2.1
Resource allocation in time domain

When the UE is configured with aggregationFactorDL > 1, the UE may expect that the TB is repeated within each symbol allocation among each of the aggregationFactorDL consecutive slots and the PDSCH is limited to a single transmission layer.

6.1.2.1
Resource allocation in time domain

When the UE is configured with aggregationFactorUL > 1, the same symbol allocation is applied across the aggregationFactorUL consecutive slots and the PUSCH is limited to a single transmission layer. The UE shall repeat the TB across the aggregationFactorUL consecutive slots applying the same symbol allocation in each slot.


However, the aforementioned restriction on consecutive slots may not all suitable for the slot-aggregation transmission due to the semi-static DL/UL assignment configuration of slots and some other reasons. For example, in case of that aggregationFactorUL = 4, the frame structure as the figure 4-1 shown below, not all the first four slots can be used for UL transmission, the DL slot should not be counted as a aggregation slot although it is consecutive. The two UL slot after the DL slot should be taken as aggregation slot. If the two consecutive DL slots counted as slot-aggregation, there are only two slots aggregation in fact, which may cause the performance reduction and fail to achieve the transmission target.  
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Figure 4-1

Therefore, a slot chosen criteria should be supported for slot-aggregation to guarantee the performance. The first criteria is that the slot must have enough DL/UL time domain resource. As the example mentioned about, there is no UL time domain resource, then the two DL slots cannot be taken as slot-aggregation. Then the two UL slots after the DL slots satisfy this criteria, and should be counted as aggregation slot.
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Figure 4-2

Considering the BWP switching, another criteria should be supported. If a BWP switch happened at the DL slot, then the slots after this DL slot transmit on the new BWP. The new BWP could be larger or smaller than the BWP before BWP switch. If the new BWP is a smaller one, the UL slot transmit on the new BWP may not be used for the slot aggregation as there may be not enough frequency resource to support the transmission. So the second criteria is that the slot must have enough frequency resource to support the transmission in the first aggregation slot.
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Figure 4-3

And it need to pay attention to the transition time of BWP switching. If the slot in the transition time of BWP switching, the slot should not be counted in the slot-aggregation.

Proposal 10: For slot-aggregation, the following two criteria should be support to choose the slots used for slot-aggregation.
1. The first criteria: the SLIV value of the first slot of aggregation slot corresponding to the combination of start symbol and length of this slot could be used for the transmission.

2. The second criteria: the slot must have enough frequency resource to support the transmission in the first aggregation slot.

Proposal 11: The slot in the transition time of BWP switching should not be counted in the slot-aggregation.

4.1 Slot-aggregation with BWP switch

As the case mentioned before, the BWP switching occurs among the aggregation slots. The slots after the slot which transmit BWP switching DCI will transmit on the new BWP. Since each slot of slot-aggregation transmit the same TB, and each slot configured same symbol allocation, the frequency domain allocation of the slots in slot-aggregation are the same either. For supporting the smooth transition of BWP in slot-aggregation, method on of BWP RB association between two BWPs are proposed in case of overlapped or not overlapped BWP configuration.

· If the two BWP are overlapped, the PRBs allocated in current BWP are the directly mapping to the new BWP as show in figure 4-4(a)  

· If the two BWP are not overlapped, the PRBs allocated in current BWP are the mapping to the corresponding place of the new BWP as show in figure 4-4(b). For example, the third PRB in current BWP, and the third PRB in new BWP.
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     (a)                                                      (b)

Figure 4-4

Proposal 12: The different transform should be considered for BWP switch in slot-aggregation.
4.2 RV order for TB repetition
It was agreed that for UL grant free transmission, a TB transmitted with several repetitions follows an RV sequence. The RV sequence is configured by UE-specific RRC signaling to be one of the following: 
•     Sequence 1: {0, 2, 3, 1}
•     Sequence 2: {0, 3, 0, 3}
•     Sequence 3: {0, 0, 0, 0} 
Figure 4-5 to 4-8 below give the performance comparison of those 3 RV sequences in terms of normalized throughput. The normalized throughput is calculated by the following expression:
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Wherein, 
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 is modulation order (2 for QPSK and 8 for 256QAM), 
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 is code rate, 
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 is block error rate and 
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 is average number of transmission times for a new data. Table 1 provides the corresponding simulation assumptions.
Table 4-1
Simulation Assumptions
	Channel
	AWGN

	Modulation
	QPSK, 256QAM

	TBS
	1024

	Code Rate
	1/2, 5/6

	RV Sequences
	{0,2,3,1}、{0,3,0,3} and {0,0,0,0}

	Decoding Algorithm
	Flooding BP, Max iterations = 50

	Codeword Length
	Same Length for Each Tx
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Figure 4-5 Rate=1/2 & QPSK     


Figure 4-6 Rate=5/6 & QPSK
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Figure 4-7 Rate=1/2 & 256QAM     


Figure 4-8 Rate=5/6 & 256QAM
These simulation results show that the RV sequence {0, 2, 3, 1} would be the best RV sequence with respect to the IR combination gain, which is in accordance with the agreement made in the channel coding session [2]. 
Meanwhile, the ability to self-decode an isolated transmission needs to be taken into account due to potential packet loss by collision or miss-detection. For the case that the 1st transmission is missed, the RV sequence of {0, 2, 3, 1} needs at least 2 more repetitions because RV2 is not self-decodable. However, the RV sequence of {0, 3, 0, 3} and the RV sequence of {0, 0, 0, 0}, may only need 1 repetition since their 2nd RV (RV3 or RV0) is self-decodable. The RV sequence {0, 0, 0, 0} is optimal w.r.t. to self-decoding, but only chase combining is allowed. The RV sequence {0, 3, 0, 3} provides a trade-off between a self-decoding requirement and the IR combing gain.
By considering both performance and latency, we propose that in case slot-aggregation is configured, the RV order for the DL/UL transmission repetition (scheduled by DCI) can be the same as the RV sequence used for the UL grant free cases. The RV sequence in the UL grant free RRC signaling can be reused by DCI scheduled transmission spanning multiple slots as the specified RV order. 
Proposal 13: Reuse the RV sequence of UL grant free transmission as the RV order for the DCI scheduled UL/DL TB repetition when slot aggregation is configured.
When slot aggregation is configured, the redundancy version for the first transmitted TB can be determined by the DCI and the redundancy version for the other repetitions can be determined by RV cycling. For example, if the RV order for the slot aggregated DL/UL transmission is {0, 2, 3, 1}, the redundancy version (rvidx) for the jth repetition can be determined according to table 2 by using 
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 is the redundancy version index determined by the 'Redundancy version' field in DCI format and Table 4-2.
Table 4-2: Redundancy version
	Redundancy version Index
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	rvidx

	0
	0

	1
	2

	2
	3

	3
	1


Proposal 14: RV cycling is used to determine the redundancy version of the DCI scheduled UL/DL TB repetition when slot aggregation is configured. 
5 Conclusions

In this contribution, the resource allocation related issues have been discussed with following observations and proposals: . 

Observation 1: Comparing with time domain resource allocation for common PDSCH, some specific factors should be further considered for RMSI PDSCH, such as, the sspecific location of Dc, avoiding to allocate symbols occupied by SS/PBCH block. 
Observation 2: Time domain resource allocation for RMSI should be specified for different SCS combinations of SS/PBCH block and RMSI respectively. 

Observation 3: The null-assignment of BWP switch will lead to a large latency.

Proposal 1: For UL table, the 7 bits of index can directly interpreted as SLIV value.
Proposal 2: For DL table, four separately tables for the mapping between index and SLIV value should be considered.
Proposal 3: NR should support time domain RA for RMSI PDSCH in Table 6, 8, 9, 10, 12, 13, 14 and 15 for SCS combinations of SS/PBCH block and RMSI {15, 15}, {15, 30}, {30, 15}, {30, 30}, {120, 60}, {120, 120}, {240, 60} and {240, 120} respectively. 
Proposal 4: Confirm the working assumption and apply zero-pad and truncate for all DCI bitfileds.

Propose 5: The bitfield size determined by the largest required bitfield size across the configured BWPs should be avoid.

Proposal 6: There should be one bit in the original bit field to indicate the zero-padding option. 

Proposal 7: The interpretation of sampling of RA bitfileds should be supported in transformed RA bitfields.
Proposal 8: There should be a state in transformed DCI corresponding to null-assignment.

Proposal 9: For type 0 and type 1 resource allocation, reserve the LSB of the bit fields for truncating.

Proposal 10: For slot-aggregation, the following two criteria should be support to choose the slots used for slot-aggregation.
1. The first criteria: the SLIV value of the first slot of aggregation slot corresponding to the combination of start symbol and length of this slot could be used for the transmission.

2. The second criteria: the slot must have enough frequency resource to support the transmission in the first aggregation slot.

Proposal 11: The slot in the transition time of BWP switching should not be counted in the slot-aggregation.

Proposal 12: The different transform should be considered for BWP switch in slot-aggregation.
Proposal 13: Reuse the RV sequence of UL grant free transmission as the RV order for the DCI scheduled UL/DL TB repetition when slot aggregation is configured.
Proposal 14: RV cycling is used to determine the redundancy version of the DCI scheduled UL/DL TB repetition when slot aggregation is configured. 
References

[1] Chairman's Notes RAN1 201801 AdHoc 
[2] Chairman's Notes RAN1 #92
[3] 38.214 v15.0
[4] 3GPP TS 38.213 v15.1.0: “NR; Physical layer procedures for control”, 2018-04.
Appendix

Table A1 SCS{SSB, RMSI} = {30, 15}kHz Pattern 1

	Search space location index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	30kHz SSB mapping pattern 1
	
	
	SSB0
	SSB1
	
	
	SSB2
	SSB3
	
	

	1,2,4,10
	
	Dc
	SSB0
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	

	
	
	Dc
	SSB0
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	
	
	

	7
	Dc
	Dc
	SSB0
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	
	

	1,2,4,10
	
	Dc
	Dd
	Dd
	SSB1
	Dd
	Dd
	
	
	
	
	
	

	
	
	Dc
	
	
	SSB1
	Dd
	Dd
	Dd
	Dd
	
	
	
	

	
	
	Dc
	
	
	SSB1
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	

	3,5,6,11
	
	
	Dc
	
	SSB1
	Dd
	Dd
	Dd
	Dd
	
	
	
	

	
	
	
	Dc
	
	SSB1
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	

	7
	Dc
	Dc
	
	
	SSB1
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd

	
	Dc
	Dc
	Dd
	Dd
	SSB1
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	
	

	
	Dc
	Dc
	Dd
	Dd
	SSB1
	Dd
	Dd
	Dd
	Dd
	
	
	
	

	8
	Dc
	Dc
	Dc
	Dc
	SSB1
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd

	1,2,4,10
	
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	SSB2
	
	
	
	

	3,5,6,11
	
	
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	SSB2
	
	
	
	

	7
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	SSB2
	Dd
	Dd
	Dd
	Dd

	9
	Dc
	Dc
	Dc
	Dc
	Dc
	Dc
	Dd
	Dd
	SSB2
	Dd
	Dd
	
	

	
	Dc
	Dc
	Dc
	Dc
	Dc
	Dc
	Dd
	Dd
	SSB2
	Dd
	Dd
	Dd
	Dd

	12
	
	
	
	Dc
	Dc
	Dc
	Dd
	Dd
	SSB2
	Dd
	Dd
	
	

	
	
	
	
	Dc
	Dc
	Dc
	
	
	SSB2
	Dd
	Dd
	Dd
	Dd

	1,2,4,10
	
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	SSB3
	
	

	3,5,6,11
	
	
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	SSB3
	
	

	7
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	SSB3
	
	

	8
	Dc
	Dc
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	SSB3
	
	

	
	Dc
	Dc
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	SSB3
	Dd
	Dd

	9
	Dc
	Dc
	Dc
	Dc
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	SSB3
	
	

	
	Dc
	Dc
	Dc
	Dc
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	SSB3
	Dd
	Dd


Table A2 SCS{SSB, RMSI} = {30, 15}kHz Pattern 2

	Search space location index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	30kHz SSB mapping pattern 2
	
	SSB0
	
	SSB1
	
	
	SSB2
	
	SSB3
	

	1
	Dc
	SSB0
	
	
	
	
	
	
	
	
	
	
	

	12
	
	SSB0
	Dc
	Dc
	Dc
	
	
	
	
	
	
	
	

	1,2,4,10
	
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	SSB3
	

	3,5,6,11
	
	
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	SSB3
	

	7
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	SSB3
	

	8
	Dc
	Dc
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	SSB3
	Dd

	9
	Dc
	Dc
	Dc
	Dc
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	
	SSB3
	

	
	Dc
	Dc
	Dc
	Dc
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	SSB3
	Dd

	12
	
	
	
	Dc
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	
	SSB3
	


Note: For the case of {30, 15}kHz Pattern 2, only SSB0 and SSB3 are different with Pattern1. For the case of search space location index 1 and SSB0 is actually transmitted, it is the similar case as search space location index 3 with no SSB is actually transmitted. 

Table A3 SCS{SSB, RMSI} = {30, 30}kHz pattern1

	Search space location index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	First slot of SSB pattern1
	
	
	
	
	SSB0
	SSB1
	
	

	1,2,4,10
	
	Dc
	
	
	SSB0
	Dd
	Dd
	Dd
	Dd
	
	

	
	
	Dc
	Dd
	Dd
	SSB0
	Dd
	Dd
	Dd
	Dd
	Dd
	

	3,5,6
	
	
	Dc
	
	SSB0
	Dd
	Dd
	Dd
	Dd
	
	

	
	
	
	Dc
	Dd
	SSB0
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd

	7
	Dc
	Dc
	Dd
	Dd
	SSB0
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd

	11
	
	
	Dc
	Dc
	SSB0
	Dd
	Dd
	Dd
	Dd
	
	

	1,2,4,10
	
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	SSB1
	
	

	3,5,6
	
	
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	SSB1
	
	

	7
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	SSB1
	Dd
	Dd

	8
	Dc
	Dc
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	SSB1
	Dd
	Dd

	11
	
	
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	SSB1
	
	


Table A4 SCS{SSB, RMSI} = {30, 30}kHz pattern2

	Search space location index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	Second slot of SSB pattern1
	
	
	SSB0
	SSB1
	
	
	
	

	1,2,4,10
	
	Dc
	SSB0
	SSB1
	Dd
	Dd
	Dd
	Dd

	7
	Dc
	Dc
	SSB0
	SSB1
	Dd
	Dd
	Dd
	Dd

	1,2,4,10
	
	Dc
	SSB0
	Dd
	Dd
	Dd
	Dd
	
	
	
	

	
	
	Dc
	SSB0
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	

	7
	Dc
	Dc
	SSB0
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd

	1,2,4,10
	
	Dc
	Dd
	Dd
	Dd
	Dd
	SSB1
	
	
	
	

	3,5,6
	
	
	Dc
	Dd
	Dd
	Dd
	SSB1
	
	
	
	

	
	
	
	Dc
	
	
	
	SSB1
	Dd
	Dd
	Dd
	Dd

	
	
	
	Dc
	Dd
	Dd
	Dd
	SSB1
	Dd
	Dd
	Dd
	Dd

	7
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	SSB1
	Dd
	Dd
	Dd
	Dd

	11
	
	
	Dc
	Dc
	
	
	SSB1
	Dd
	Dd
	Dd
	Dd

	
	
	
	Dc
	Dc
	Dd
	Dd
	SSB1
	Dd
	Dd
	
	


Table A5 SCS{SSB, RMSI} = {120, 60}kHz

	Search space location index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	SSB
	
	
	SSB0
	SSB1
	
	
	SSB2
	SSB3
	
	

	1
	Dc
	
	
	
	
	
	
	
	
	
	
	
	
	

	2
	Dc
	Dc
	
	
	
	
	
	
	
	
	
	
	
	

	3
	Dc
	Dc
	Dc
	
	
	
	
	
	
	
	
	
	
	

	4
	Dc
	Dc
	
	
	
	
	
	
	
	
	
	
	
	

	5
	Dc
	Dc
	Dc
	Dc
	
	
	
	
	
	
	
	
	
	

	6
	Dc
	Dc
	Dc
	Dc
	Dc
	Dc
	
	
	
	
	
	
	
	

	7
	
	Dc
	
	
	
	
	
	
	
	
	
	
	
	

	8
	
	
	Dc
	Dc
	
	
	
	
	
	
	
	
	
	

	9
	
	
	
	Dc
	Dc
	Dc
	
	
	
	
	
	
	
	

	10
	Dc
	Dd
	SSB0
	Dd
	Dd
	Dd
	Dc
	Dd
	Dd
	Dd
	Dd
	
	

	11
	Dc
	Dc
	SSB0
	Dd
	Dd
	Dd
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd

	13
	
	
	SSB0
	
	
	
	Dc
	Dd
	Dd
	Dd
	Dd
	
	

	14
	
	
	SSB0
	
	
	
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	

	15
	
	
	SSB0
	
	
	
	Dc
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd

	10
	Dc
	Dd
	Dd
	Dd
	SSB1
	Dd
	Dc
	Dd
	Dd
	Dd
	Dd
	
	

	11
	Dc
	Dc
	Dd
	Dd
	SSB1
	Dd
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd

	13
	
	
	
	
	SSB1
	
	Dc
	Dd
	Dd
	Dd
	Dd
	
	

	14
	
	
	
	
	SSB1
	
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	

	15
	
	
	
	
	SSB1
	
	Dc
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd

	10
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dc
	SSB2
	Dd
	Dd
	Dd
	Dd

	13
	
	
	
	
	
	
	
	Dc
	SSB2
	Dd
	Dd
	Dd
	Dd

	10
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dc
	Dd
	Dd
	SSB3
	Dd
	Dd

	13
	
	
	
	
	
	
	
	Dc
	Dd
	Dd
	SSB3
	Dd
	Dd


Note: for the case of search space index {1~9} in table A5, it is the same case as table A1.

Table A6 SCS{SSB, RMSI} = {120, 120}kHz

	Search space location index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	SSB in even slot
	
	
	
	
	SSB0
	SSB1
	
	

	SSB in odd slot
	
	
	SSB2
	SSB3
	
	
	
	

	1
	Dc
	
	
	
	
	
	
	
	
	
	
	
	
	

	2
	Dc
	Dc
	
	
	
	
	
	
	
	
	
	
	
	

	4
	Dc
	Dc
	
	
	
	
	
	
	
	
	
	
	
	

	5
	Dc
	Dc
	Dc
	Dc
	
	
	
	
	
	
	
	
	
	

	7
	
	Dc
	
	
	
	
	
	
	
	
	
	
	
	

	8
	
	
	Dc
	Dc
	
	
	
	
	
	
	
	
	
	

	10
	Dc
	Dd
	SSB2
	Dd
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd

	13
	
	
	SSB2
	
	Dc
	Dd
	Dd
	Dd
	Dd
	
	

	14
	
	
	SSB2
	
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	

	10
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dc
	SSB1
	Dd
	Dd


Note: for the case of search space location index {1,2,4,5,7,8} in table A6, it is the same case as table A3 and table A4. 

Table A7 SCS{SSB, RMSI} = {240, 60}kHz

	Search space location index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	SSB
	
	
	SSB0
	SSB1
	SSB2
	SSB3
	
	
	SSB4
	SSB5
	SSB6
	SSB7
	
	

	1,2,7
	Dc
	
	SSB0
	SSB1
	SSB2
	SSB3
	Dd
	Dd
	Dd
	Dd
	
	
	
	

	
	Dc
	
	SSB0
	SSB1
	SSB2
	SSB3
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	

	4
	Dc
	Dc
	SSB0
	SSB1
	SSB2
	SSB3
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd

	10
	Dc
	Dd
	SSB0
	SSB1
	SSB2
	SSB3
	Dd
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd

	13
	
	
	SSB0
	SSB1
	SSB2
	SSB3
	
	Dc
	Dd
	Dd
	Dd
	Dd
	
	

	14
	
	
	SSB0
	SSB1
	SSB2
	SSB3
	
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	

	1,2,7
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	SSB4
	SSB5
	SSB6
	SSB7
	
	

	4
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	SSB4
	SSB5
	SSB6
	SSB7
	Dd
	Dd

	8
	
	
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	SSB4
	SSB5
	SSB6
	SSB7
	
	

	10
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dc
	SSB4
	SSB5
	SSB6
	SSB7
	Dd
	Dd

	1,2,7
	Dc
	Dc
	SSB0
	SSB1
	SSB2
	SSB3
	Dd
	Dd
	SSB4
	SSB5
	SSB6
	SSB7
	Dd
	Dd


Note: There will be too many case for considering any one or more of the eight SSBs be actually transmitted. Currently, we assume that the consecutive four SSBs actually transmitted together. 

Table A8 SCS{SSB, RMSI} = {240, 120}kHz

	Search space location index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	SSB in even slot
	
	
	
	
	SSB0
	SSB1
	SSB2
	SSB3
	
	

	SSB in odd slot
	
	
	SSB4
	SSB5
	SSB6
	SSB7
	
	
	
	

	1,2,7
	Dc
	Dc
	SSB4
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	

	
	Dc
	Dc
	SSB4
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	
	
	

	4
	Dc
	Dc
	SSB4
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	
	

	10
	Dc
	Dd
	SSB4
	Dd
	Dd
	Dd
	Dc
	Dd
	Dd
	Dd
	Dd
	
	

	11
	Dc
	Dc
	SSB4
	Dd
	Dd
	Dd
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd

	13
	
	
	SSB4
	
	
	
	Dc
	Dd
	Dd
	Dd
	Dd
	
	

	14
	
	
	SSB4
	
	
	
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	

	1,2,7
	Dc
	Dc
	
	
	SSB0/SSB5
	Dd
	Dd
	Dd
	Dd
	
	
	
	

	
	Dc
	Dc
	
	
	SSB0/SSB5
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	

	
	Dc
	Dc
	Dd
	Dd
	SSB0/SSB5
	Dd
	Dd
	
	
	
	
	
	

	4
	Dc
	Dc
	Dd
	Dd
	SSB0/SSB5
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	
	

	5
	Dc
	Dc
	Dc
	Dc
	SSB0/SSB5
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd

	8
	
	
	Dc
	Dc
	SSB0/SSB5
	Dd
	Dd
	Dd
	Dd
	
	
	
	

	
	
	
	Dc
	Dc
	SSB0/SSB5
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	

	10
	Dc
	Dd
	Dd
	Dd
	SSB0/SSB5
	Dd
	Dc
	Dd
	Dd
	Dd
	Dd
	
	

	11
	Dc
	Dc
	Dd
	Dd
	SSB0/SSB5
	Dd
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd

	13
	
	
	
	
	SSB0/SSB5
	
	Dc
	Dd
	Dd
	Dd
	Dd
	
	

	14
	
	
	
	
	SSB0/SSB5
	
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	

	1,2,7
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	SSB1/SSB6
	
	
	
	
	
	

	4
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	SSB1/SSB6
	Dd
	Dd
	Dd
	Dd
	
	

	5
	Dc
	Dc
	Dc
	Dc
	Dd
	Dd
	SSB1/SSB6
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd

	8
	
	
	Dc
	Dc
	Dd
	Dd
	SSB1/SSB6
	Dd
	Dd
	
	
	
	

	1,2,7
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	SSB2/SSB7
	
	
	
	

	4
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	SSB2/SSB7
	Dd
	Dd
	Dd
	Dd

	5
	Dc
	Dc
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	SSB2/SSB7
	Dd
	Dd
	Dd
	Dd

	8
	
	
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	SSB2/SSB7
	
	
	
	

	10
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dc
	SSB2/SSB7
	Dd
	Dd
	Dd
	Dd

	13
	
	
	
	
	
	
	
	Dc
	SSB2/SSB7
	Dd
	Dd
	Dd
	Dd

	1,2,7
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	SSB3
	
	

	4
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	SSB3
	
	

	8
	
	
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	SSB3
	
	

	10
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dc
	Dd
	Dd
	SSB3
	Dd
	Dd

	11
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dc
	Dc
	Dd
	SSB3
	Dd
	Dd

	13
	
	
	
	
	
	
	
	Dc
	Dd
	Dd
	SSB3
	Dd
	Dd

	14
	
	
	
	
	
	
	Dd
	Dc
	Dc
	Dd
	SSB3
	Dd
	Dd
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