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1 Introduction

In RAN1#92 meeting, the following agreement was made.

Agreements:

· Request RAN2 to introduce possibility for providing the RRC-configured table in RMSI to configure PDSCH and PUSCH symbol allocation for PDSCH/PUSCH scheduling after RMSI, where the RRC-configurable table via dedicated signaling was previously agreed in RAN1 

· Draft LS in R1-1803474 (Karri, Nokia), which is approved and final LS in R1-1803510
At least for RMSI delivery, the PDSCH time domain resource allocation table needs to be defined in the specification. For other PDSCH/PUSCH scheduled by DCI formats 1_0/0_0 including other broadcast information, it is also desirable to have predefined time domain resource allocation tables in the specification to avoid the overhead of providing by RMSI. One proposal on default PDSCH and PUSCH symbol allocation was provided in [1].
This contribution discusses default time domain resource allocation tables in the specification.
2 Discussion
The number of bits for time domain resource assignment in DCI format 0_0 and DCI format 1_0 have not been defined. It is proposed to use 4 bits to indicate time domain resource assignment which is the same as UL grant in RAR.

Proposal 1: The number of bits for time domain resource assignment in DCI format 0_0 and DCI format 1_0 is 4.
2.1 Time domain resource allocation for PDSCH
There are three SSB and RMSI CORESET multiplexing patterns as shown in Figure 1. 
· “Pattern 1” refers to the multiplexing pattern that SS/PBCH block and RMSI CORESET occur in different time instances, and SS/PBCH block TX BW and the initial active DL BWP containing RMSI CORESET overlap

· “Pattern 2” refers to the multiplexing pattern that SS/PBCH block and RMSI CORESET occur in different time instances, and SS/PBCH block TX BW and the initial active DL BWP containing RMSI CORESET do not overlap

· “Pattern 3” refers to the multiplexing pattern that SS/PBCH block and RMSI CORESET occur in the same time instance, and SS/PBCH block TX BW and the initial active DL BWP containing RMSI CORESET do not overlap
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Figure 1: SSB and RMSI CORESET multiplexing patterns

We analyze the time domain resource allocation for different multiplexing patterns in the following subsections.
2.1.1 CORESET0 and SSB multiplexing pattern 1

For CORESET0 and SSB multiplexing pattern 1, the first symbol index of CORESET0 can be 0, 1, 2 or 
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 for FR1 and 0, 7 or 
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 for FR2. The proposed time domain resource allocation table is shown in Table 1 and illustrated in Figure 2. For row indexes from 0 to 9, one slot with 10, 11, 12 and 14 DL symbols are considered with assumptions of different number of CORESET symbols. PDSCH and CORESET multiplex in FDM manner in the first half slot is supported by RA(10) and RA(14). For row indexes from 11 to 15, PDSCH mapping type B with duration of 4 symbols are supported. RA(11) and RA(12) are defined for the case when CORESETs start from symbol 0 and symbol 
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=2. RA(13) and RA(15) are for FR2 when CORESET0 starts from symbol 7.
Table 1: PDSCH time domain resource allocation for CORESET0 and SSB multiplexing pattern 1
	i
	PDSCH mapping type
	K0
	S
	L

	0
	Type A
	0
	1
	13

	1
	Type A
	0
	2
	12

	2
	Type A
	0
	3
	11

	3
	Type A
	0
	1
	11

	4
	Type A
	0
	2
	10

	5
	Type A
	0
	3
	9

	6
	Type A
	0
	2
	9

	7
	Type A
	0
	3
	8

	8
	Type A
	0
	2
	8

	9
	Type A
	0
	3
	7

	10
	Type A
	0
	2
	5

	11
	Type B
	0
	4
	4

	12
	Type B
	0
	8
	4

	13
	Type B
	0
	9
	4

	14
	Type B
	0
	3
	4

	15
	Type B
	0
	10
	4


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

	0
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd

	1
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd

	2
	Dc
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd

	3
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	
	

	4
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	 
	 

	5
	Dc
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	 
	 

	6
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	 
	 
	 

	7
	Dc
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	
	
	

	8
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	 
	 
	 
	 

	9
	Dc
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	
	
	
	

	10
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	
	

	11, 12
	Dc
	Dc
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	
	

	13
	
	
	
	
	
	
	
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	

	14
	Dc
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd
	
	
	
	
	
	
	

	15
	
	
	
	
	
	
	
	Dc
	Dc
	Dc
	Dd
	Dd
	Dd
	Dd


Figure 2: PDSCH symbol location for CORESET0 and SSB multiplexing pattern 1
2.1.2 CORESET0 and SSB multiplexing pattern 2
CORESET0 and SSB multiplexing pattern 2 is applicable for the case when {SS/PBCH block, PDCCH} subcarrier spacing is {120, 60} kHz and {240, 120} kHz. Assuming the symbol allocation of PDSCH is aligned with SSB boundary, the symbol duration of PDSCH is 2 starting from symbol 2, 4, 6, 8 and 10 as shown in Figure 3 and Figure 4 below.
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Figure 3: CORESET0 and SSB multiplexing pattern 2 when {SS/PBCH block, PDCCH} subcarrier spacing is {120, 60} kHz
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Figure 4: CORESET0 and SSB multiplexing pattern 2 when {SS/PBCH block, PDCCH} subcarrier spacing is {240, 120} kHz
It should be noted that SSB may or may not transmit at the candidate positions so that the PDSCH is not necessarily time aligned with all the SSB candidate positions. In addition, duration of 2 symbols may not be sufficient for RMSI delivery if the RMSI message is large and the number of the RBs for CORESET0 is limited. Therefore, PDSCH with longer durations should also be supported for CORESET0 and SSB multiplexing pattern 2. The proposed time domain resource allocation table is shown in Table 2. For RA(7) to RA(11), PDSCH with 4 symbols are defined starting from symbol 2, 4, 6, 8 and 10.  For RA(12) RA(15), PDSCH with mapping type A is supported.
Table 2: PDSCH time domain resource allocation for CORESET0 and SSB multiplexing pattern 2
	i
	PDSCH mapping type
	K0
	S
	L

	0
	Type B
	0
	2
	2

	1
	Type B
	0
	4
	2

	2
	Type B
	0
	6
	2

	3
	Type B
	0
	8
	2

	4
	Type B
	0
	10
	2

	5
	Type B
	1
	2
	2

	6
	Type B
	1
	4
	2

	7
	Type B
	0
	2
	

	8
	Type B
	0
	4
	4

	9
	Type B
	0
	6
	4

	10
	Type B
	0
	8
	4

	11
	Type B
	0
	10
	4

	12
	Type A
	0
	1
	13

	13
	Type A
	0
	2
	12

	14
	Type A
	0
	3
	11

	15
	Type A
	0
	2
	10


2.1.3 CORESET0 and SSB multiplexing pattern 3
CORESET0 and SSB multiplexing pattern 3 is only applicable for the case when {SS/PBCH block, PDCCH} subcarrier spacing is {120, 120} kHz. Assuming PDSCH starts right after the end of CORESET and the starting symbol of CORESET is aligned with starting symbol of SSB and the ending symbol of PDSCH is aligned with the ending symbol of SSB, the symbol duration of PDSCH is 2 starting from symbol 4, 6, 8 and 10 as shown in Table 5 below. 
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Figure 5: CORESET0 and SSB multiplexing pattern 3
Similar as CORESET0 and SSB multiplexing pattern 2, PDSCH with longer durations should be supported. The proposed time domain resource allocation table is shown in Table 3. Note that the starting symbol of CORESET0 can be symbol 4, 8, 2 and 6 only. For RA(0) to RA(9), all the S and L combinations for PDSCH mapping type B with S=4, 6, 8, 10 are supported. In addition, some additional entries with PDSCH mapping type A are also supported for PDSCH scheduled by DCI format 1_0 in the CORESET other than CORESET0.
Table 3: PDSCH time domain resource allocation for CORESET0 and SSB multiplexing pattern 3
	i
	PDSCH mapping type
	K0
	S
	L

	0
	Type B
	0
	4
	2

	1
	Type B
	0
	6
	2

	2
	Type B
	0
	8
	2

	3
	Type B
	0
	10
	2

	4
	Type B
	0
	4
	4

	5
	Type B
	0
	6
	4

	6
	Type B
	0
	8
	4

	7
	Type B
	0
	10
	4

	8
	Type B
	0
	4
	7

	9
	Type B
	0
	6
	7

	10
	Type A
	0
	1
	13

	11
	Type A
	0
	2
	12

	12
	Type A
	0
	3
	11

	13
	Type A
	0
	2
	10

	14
	Type A
	0
	2
	8

	15
	Type A
	0
	3
	7


Based on the above analysis, separate PDSCH time domain resource allocation tables need to be defined for different CORESET0 and SSB multiplexing patterns. The table is not only applicable for RMSI but also applicable for other broadcast/multicast messages and the DL transmission before dedicated RRC signaling is received including OSI, paging, RAR and Msg4 if no other table is provided in RMSI. For the PDSCH with C-RNTI after a dedicated time domain resource allocation table is configured to the UE, it is proposed that if the DCI is received in CSS, the predefined table is used if no other table is provided in RMSI while if the DCI is received in USS, the dedicated table is used.
Proposal 2: For PDSCH conveying RMSI, the time domain resource allocation table is Table 1, Table 2 or Table 3 according to CORESET0 and SSB multiplexing pattern.
Proposal 3: For PDSCHs conveying OSI, paging, RAR and Msg 4, the time domain resource allocation table is Table 1, Table 2 or Table 3 according to CORESET0 and SSB multiplexing pattern if no other table is provided in RMSI. Otherwise, the time domain resource allocation table is the one provided in RMSI.
Proposal 4: For PDSCH scheduled by DCI format 1_0 with C-RNTI, the dedicated time domain resource allocation table is used if the DCI is received in USS. Otherwise if the DCI is received in CSS, the time domain resource allocation table is the one provided in RMSI or Table 1, Table 2 or Table 3 according to CORESET0 and SSB multiplexing pattern if no other table is provided in RMSI.
2.2 Time domain resource allocation for PUSCH

PUSCH may be scheduled by UL grant in DCI or in RAR. The timing difference between the UL grant and the corresponding PUSCH is different for the two cases. But the symbol allocation within the slot can be the same. The proposed default symbol allocation for PUSCH is in Table 4 where PUSCH starts from the beginning of the slot and ends at symbol 7, 9, 11 and 13.
Table 4: PUSCH symbol allocation
	i
	PUSCH mapping type
	K2
	S
	L

	0
	Type A
	j
	0
	14

	1
	Type A
	j
	0
	12

	2
	Type A
	j
	0
	10

	3
	Type A
	j
	0
	8

	4
	Type A
	j+1
	0
	14

	5
	Type A
	j+1
	0
	12

	6
	Type A
	j+1
	0
	10

	7
	Type A
	j+1
	0
	8

	8
	Type A
	j+2
	0
	14

	9
	Type A
	j+2
	0
	12

	10
	Type A
	j+2
	0
	10

	11
	Type A
	j+2
	0
	8

	12
	Type A
	j+3
	0
	14

	13
	Type A
	j+3
	0
	12

	14
	Type A
	j+3
	0
	10


If PUSCH is scheduled by UL grant in DCI, K2 should be sufficient for PUSCH preparation according to the processing time defined in 6.4 in 38.214.
For PUSCH scheduled by RAR, the minimum time between the end of PDSCH conveying RAR and the start of PUSCH is equal to 
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 ms if the subcarrier spacing is the same for PDSCH and PUSCH according to 8.4 in 38.213. The total number of slots between the end of PDSCH conveying RAR and the start of PUSCH for different subcarrier spacings are analyzed in Table 6 where 
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Table 5: timing difference in slots between the end of PDSCH conveying RAR and the start of associated PUSCH

	µPDSCH
	µPUSCH
	N1 with additional PDSCH DM-RS
	N2
	Total number of slots (j’)

	0
	0
	13
	10
	5

	0
	1
	
	
	5

	0
	2
	
	
	5

	1
	0
	
	
	6

	2
	0
	
	
	7

	1
	1
	13
	12
	5

	1
	2
	
	
	6

	2
	1
	
	
	6

	2
	2
	20
	23
	8

	2
	3
	
	
	9

	3
	2
	
	
	9

	3
	3
	24
	36
	11


Note that for PUSCH scheduled by RAR, one additional slot is needed because it is expected that PDSCH ends at the end of the slot as shown below.
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Figure 6: Minimum time between the end of PDSCH conveying RAR and the start of PUSCH
So the values of j for K2 for PUSCH scheduled by DCI and RAR for different SCS are proposed in Table 7. µ is based on the min(µDL, µUL) where the µDL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH or PDSCH carrying RAR scheduling the PUSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted.
Table 7: Value of j for K2

	µ
	j

	
	PUSCH not scheduled by RAR
	PUSCH scheduled by RAR

	0
	1
	6

	1
	1
	6

	2
	2
	9

	3
	3
	12


Similar as DL, for PUSCH scheduled by DCI format 0_0 in USS, the dedicated time domain resource allocation table is used. For PUSCH scheduled in CSS, 
Proposal 5: For PUSCH scheduled by DCI in USS, the dedicated time domain resource allocation table is used. For PUSCH scheduled by DCI in CSS and scheduled by RAR, the time domain resource allocation table is the one provided in RMSI or the table below if no table is provided in RMSI. 
	i
	PUSCH mapping type
	K2
	S
	L

	0
	Type A
	j
	0
	14

	1
	Type A
	j
	0
	12

	2
	Type A
	j
	0
	10

	3
	Type A
	j
	0
	8

	4
	Type A
	j+1
	0
	14

	5
	Type A
	j+1
	0
	12

	6
	Type A
	j+1
	0
	10

	7
	Type A
	j+1
	0
	8

	8
	Type A
	j+2
	0
	14

	9
	Type A
	j+2
	0
	12

	10
	Type A
	j+2
	0
	10

	11
	Type A
	j+2
	0
	8

	12
	Type A
	j+3
	0
	14

	13
	Type A
	j+3
	0
	12

	14
	Type A
	j+3
	0
	10


	µ
	j

	
	PUSCH not scheduled by RAR
	PUSCH scheduled by RAR

	0
	1
	6

	1
	1
	6

	2
	2
	9

	3
	3
	12


3 Conclusion
In this contribution, we discussed default time domain resource allocation tables with following proposals.
Proposal 1: The number of bits for time domain resource assignment in DCI format 0_0 and DCI format 1_0 is 4.
Proposal 2: For PDSCH conveying RMSI, the time domain resource allocation table is Table 1, Table 2 or Table 3 according to CORESET0 and SSB multiplexing pattern.

Proposal 3: For PDSCHs conveying OSI, paging, RAR and Msg 4, the time domain resource allocation table is Table 1, Table 2 or Table 3 according to CORESET0 and SSB multiplexing pattern if no other table is provided in RMSI. Otherwise, the time domain resource allocation table is the one provided in RMSI.

Proposal 4: For PDSCH scheduled by DCI format 1_0 with C-RNTI, the dedicated time domain resource allocation table is used if the DCI is received in USS. Otherwise if the DCI is received in CSS, the time domain resource allocation table is the one provided in RMSI or Table 1, Table 2 or Table 3 according to CORESET0 and SSB multiplexing pattern if no other table is provided in RMSI.
Proposal 5: For PUSCH scheduled by DCI in USS, the dedicated time domain resource allocation table is used. For PUSCH scheduled by DCI in CSS and scheduled by RAR, the time domain resource allocation table is the one provided in RMSI or the table below if no table is provided in RMSI. 

	i
	PUSCH mapping type
	K2
	S
	L

	0
	Type A
	j
	0
	14

	1
	Type A
	j
	0
	12

	2
	Type A
	j
	0
	10

	3
	Type A
	j
	0
	8

	4
	Type A
	j+1
	0
	14

	5
	Type A
	j+1
	0
	12

	6
	Type A
	j+1
	0
	10

	7
	Type A
	j+1
	0
	8

	8
	Type A
	j+2
	0
	14

	9
	Type A
	j+2
	0
	12

	10
	Type A
	j+2
	0
	10

	11
	Type A
	j+2
	0
	8

	12
	Type A
	j+3
	0
	14

	13
	Type A
	j+3
	0
	12

	14
	Type A
	j+3
	0
	10


	µ
	j

	
	PUSCH not scheduled by RAR
	PUSCH scheduled by RAR

	0
	1
	6

	1
	1
	6

	2
	2
	9

	3
	3
	12
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