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1 Introduction

This contribution discusses remaining issues on PDSCH and PUSCH resource allocation including frequency domain resource allocation, time domain resource allocation, UL grant in RAR and TBS determination for CBG-based retransmission. Text proposals are provided in appendix.
2 Discussion
2.1 Resource allocation in frequency domain
2.1.1 RBG size
The RBG size tables for DL and UL RA Type 0 (Table 5.1.2.2.1-1 and Table 6.1.2.2.1-1 in TS 38.214) have not being finalized. The RBG size table is proposed in Table 1 taking into account the tradeoff between DCI overhead and scheduling flexibility. In addition, we consider similar DCI overhead as LTE for the supported system bandwidths in LTE and also considering the relative overhead with NR RA Type 1. The required number of bits vs. BWP size is shown in Figure 1.
Table 1: RBG size table for DL and UL
	Carrier Bandwidth Part Size
	Configuration 1
	Configuration 2

	≤40RBs
	2
	4

	41 –80RBs
	4
	4

	81 – 100 RBs
	4
	8

	101 – 192RBs
	8
	8

	193– 224 RBs
	8
	16

	225 – 275 RBs
	16
	16
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Figure 1: Number of required bits for RA type 0 vs. BWP size
Proposal 1: RBG size table in Table 1 is adopted for DL and UL.
2.1.2 Alignment between RBG and PRG
The following agreement was made in NR AH #3 to align PRG boundary and RBG boundary. 
Agreement:
The PRB bundle defined in the absolute PRB grid of the wideband CC from network perspective is aligned with RBG boundary

Based on the agreement, PRG partitioning is defined according to common resource block index in Sec. 5.1.2.3 of TS 38.214 and the first PRG size is 
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Figure 2 depending on the starting position of the BWP. However, RBG partitioning is defined according to PRB index and the first RBG size is always equal to RBG size P. Consequently, there may be misalignment between PRG boundary and RBG boundary as shown in  where it is assumed that [image: image6.wmf]2
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Figure 2: Illustration of PRG boundary and RBG boundary misalignment
Assuming UE is allocated with RBG1 and RBG5, UE cannot assume same precoder in any RBG which increases the channel estimation complexity and degrades channel estimation performance. It is proposed that RBG is also portioned according to common resource block index as shown in Figure 3.
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Figure 3: Illustration of PRB boundary and RBG boundary alignment
Proposal 2: RBG is partitioned according to common resource block index and the first RBG size is 

 .
2.1.3 Reference BWP for frequency domain RA
The number of required bits for frequency resource allocation is related to the BWP for both resource allocation types. For multiple configured BWPs with different bandwidths, the DCI payload size for scheduling each BWP may be different. Furthermore, NR supports the case that a single scheduling DCI can switch the UE’s active BWP from one to another (of the same link direction) within a given serving cell, i.e. the active DL or UL BWP can be dynamically indicated by a scheduling DCI. 

Since a UE does not know which BWP the PDSCH/PUSCH is assigned to before successfully decoding the DCI, the number of bits for frequency resource allocation of a scheduled BWP cannot be dynamically determined unless the UE performs multiple blind decodes for the different payload sizes corresponding to each configured BWP. One potential solution is that the bit width of the frequency resource allocation field is fixed to the maximum size across all the configured BWPs. However, it is obvious that this solution introduces additional overhead when the currently active BWP is much smaller than the largest configured BWP. An alternative solution is that the bit width of the frequency resource allocation field is determined by the BW of the currently active BWP on which a scheduling DCI is received. If a PDCCH received in the active DL BWP schedules PDSCH on a different and smaller BWP, the MSBs of the resource allocation field can be reserved. Conversely, if a PDCCH schedules PDSCH on a larger BWP, the RA field is interpreted as the LSBs of the RA field corresponding to the BW of the target BWP. This imposes a scheduling restriction as only a portion of the BWP can be scheduled. However, this is only a slight restriction as this first scheduling DCI doubles as an activation command and subsequent scheduling on the target BWP is unrestricted. The same approach applies to UL.
Proposal 3: The number of bits for frequency domain resource allocation field is determined according to the currently active BWP.
· If the target BWP requires less bits than the currently active BWP, the MSBs of the RA field in excess of the required RA bit width are reserved
· If the target BWP requires more bits than the currently active BWP, the RA field forms the LSBs of the required RA bit width.
2.1.4 VRB-to-PRB mapping
Interleaved VRB-to-PRB mapping is supported for resource allocation Type 1 only. Accordingly, there is no VRB-to-PRB mapping indication in DCI if only resource allocation type 0 is configured. In addition, for UL, interleaved VRB-to-PRB mapping is only supported for PUSCH with CP-OFDM according to the following agreement in RAN1#91.
Agreements:

· For downlink and OFDM uplink:

· Block interleaver (similar to PDCCH) across whole BWP:

· Interleaving unit configurable between 2 and 4 PRBs

· The number of rows is harded to 2

· The number of columns is given by the BWP size and number of rows

· FFS other details (no additional RRC impact)

It should be clarified that there is no VRB-to-PRB mapping indication in UL grant for PUSCH with DFT-s-OFDM waveform.
Proposal 4: The VRB-to-PRB mapping indication field is not present in DCI used for PUSCH scheduling if transform precoding is enabled.
In NR, the interleaving unit, i.e. resource block bundle size, is configurable. For the non-fallback DCI, UE can be configured with the interleaving unit. However, it is not clear how UE obtains the interleaving unit for the fallback DCI. There are at least two alternatives.
· Alt. 1: Only non-interleaved VRB-to-PRB mapping is supported for PDSCH/PUSCH scheduled by fallback DCI without VRB-to-PRB mapping indication in fallback DCI.
· Alt. 2: Interleaved VRB-to-PRB is supported assuming a default interleaving unit and 1-bit VRB-to-PRB mapping indication is present in fallback DCI.
It is proposed to adopt Alt. 2 with interleaving unit of 2 RBs to achieve frequency diversity gain when possible.
Proposal 5: 1-bit VRB-to-PRB mapping indication is present in fallback DCI and interleaving unit is fixed to 2 RBs for interleaved VRB-to-PRB mapping.
In 38.211, VRBs are mapped to PRBs according to the indicated mapping scheme regardless of resource allocation type. However, there are cases when there is no indication in DCI, e.g. if only resource allocation type 0 is configured or transform precoding is enabled. In this case, it should be clarified that non-interleaved VRB-to-PRB mapping is applied.
Proposal 6: Clarify in 38.211 that non-interleaved VRB-to-PRB mapping is applied if mapping scheme is not indicated. 

In 38.211, interleaving unit, i.e. resource block bundle is defined as follows.
-
Resource block bundle 
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 is defined as resource blocks 
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 is the bundle size provided by the higher-layer parameter VRB-to-PRB-interleaver
It is not clear how resource block bundle of size L partitions the BWP. The motivation to define the interleaver in the unit of resource block bundle is to align with PRG. Therefore, the resource block bundle partitioning should be in the same way as PRG, i.e. according to common resource block index, as shown in Figure 4, where L = 2.
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Figure 4: Resource block bundle partitioning
Proposal 7: Clarify that resource block bundle for interleaved VRB-to-PRB mapping is defined according to the common resource block index and the first bundle size is 
 .
Depending on the resource block bundle size, BWP size and BWP starting position, the first and/or the last resource block bundle may contain fewer than L resource blocks. According to the interleaver design, VRB bundle 0 is always mapped to PRB bundle 0 while the last VRB bundle may or may not be mapped to the last PRB bundle. To be more specific, if the number of RB bundles is odd, VRB bundle N-1 is mapped to PRB bundle N-2 and VRB bundle 
 is mapped to PRB bundle N-1 as shown in Figure 5.
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Figure 5: VRB bundle size and PRB bundle size mismatch
Due to the mismatch of VRB bundle size and corresponding PRB bundle size, VRB to PRB mapping cannot be achieved. In order to solve the problem, it is proposed that the last VRB bundle is always mapped to the last PRB bundle and the other VRB bundles are mapped to PRB bundles according to the block interleaver as shown in Figure 6. Note that the proposed interleaving scheme is the equivalent to the current specified scheme if the number of RB bundle is even.
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Figure 6: The last VRB bundle is mapped to the last PRB bundle
Proposal 8: The last VRB bundle is mapped to the last PRB bundle and other VRB bundles are mapped to PRB bundles according to the block interleaver.
2.2 Time domain resource allocation
The agreement on time domain resource allocation in RAN1#91 is as follows.
Agreements:

· One table for UL, one table for DL configured by RRC in Rel-15

· Each table is up to 16 rows

· In the table, each row is configured by RRC with 

· K0 using 2 bits (for DL table),  K2 using 3 bits (for UL 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

· The reference point for starting OFDM symbol:

· No RRC impact (e.g., slot boundary, start of CORESET where the PDCCH was found, or part of the table/equation in RAN1 specs. FFS details)

· Aggregation factor (1, 2, 4, 8 for DL or UL) is semi-statically configured separately (i.e. not part of table) 

· No additional RRC impact how to use the aggregation factor along with the tables

In the following, we discuss the set of values of K0, K2 and combinations of starting symbol and length.
For K0 and K2, the sets of values are proposed in Table 2 and Table 3 respectively.
Table 2: Set of K0
	Index
	K0

	0
	0

	1
	1

	2
	2

	3
	3


Table 3: Set of K2
	Index
	K2

	0
	0

	1
	1

	2
	2

	3
	3

	4
	4

	5
	5

	6
	6

	7
	7


Proposal 9: The set of K0 and K2 values defined in Table 2 and Table 3 respectively are adopted.
Joint encoding was agreed for the starting symbol and the number of consecutive symbols. The joint encoding scheme of RA Type 1 is reused. In order to support all the combinations of starting symbol and number of symbols in a slot, 7 bits are required but it was agreed to use 6 bits. In Table 4, we provide our proposal on 64 combinations of starting symbol and number of symbols.
· Starting symbol from 0 to 6 considering the first ‘U’ starts no later than symbol 6 in current SFI table which can be applied to both slot and mini-slot based scheduling
· Starting symbol 7 is considered for UL mini-slot scheduling considering PUSCH preparation time N2=6
· Number of consecutive symbols L=1 is not supported
· Possible ending symbol at symbol 7 to symbol 13 considering SRS and PUCCH for starting symbol from 0 to 6
· Mini-slot length L=2, 4 and 7 only
Table 4: Set of starting symbol and number of symbols
	Index
	Starting symbol S
	Number of symbols L
	start and length indicator SLIV

	0
	0
	14
	27

	1
	0
	13
	41

	2
	0
	12
	55

	3
	0
	11
	69

	4
	0
	10
	83

	5
	0
	9
	97

	6
	0
	8
	98

	7
	0
	7
	84

	8
	0
	4
	42

	9
	0
	2
	14

	10
	1
	13
	40

	11
	1
	12
	54

	12
	1
	11
	68

	13
	1
	10
	82

	14
	1
	9
	96

	15
	1
	8
	99

	16
	1
	7
	85

	17
	1
	4
	43

	18
	1
	2
	15

	19
	2
	12
	53

	20
	2
	11
	67

	21
	2
	10
	81

	22
	2
	9
	95

	23
	2
	8
	100

	24
	2
	7
	86

	25
	2
	6
	72

	26
	2
	4
	44

	27
	2
	2
	16

	28
	3
	11
	66

	29
	3
	10
	80

	30
	3
	9
	94

	31
	3
	8
	101

	32
	3
	7
	87

	33
	3
	6
	73

	34
	3
	5
	59

	35
	3
	4
	45

	36
	3
	2
	17

	37
	4
	10
	79

	38
	4
	9
	93

	39
	4
	8
	102

	40
	4
	7
	88

	41
	4
	6
	74

	42
	4
	5
	60

	43
	4
	4
	46

	44
	4
	2
	18

	45
	5
	9
	92

	46
	5
	8
	103

	47
	5
	7
	89

	48
	5
	6
	75

	49
	5
	5
	61

	50
	5
	4
	47

	51
	5
	3
	33

	52
	5
	2
	19

	53
	6
	8
	104

	54
	6
	7
	90

	55
	6
	6
	76

	56
	6
	5
	62

	57
	6
	4
	48

	58
	6
	3
	34

	59
	6
	2
	20

	60
	7
	2
	21

	61
	7
	4
	49

	62
	7
	7
	91

	63
	reserved


Proposal 10: The combinations of starting symbol and number of symbols defined in Table 4 are adopted.
For the PDSCH/PUSCH scheduled by fallback DCI, the number of bits for time domain resource assignment is FFS. For DCI format 1_0, the bit width of time domain resource assignment can be 2 bits with the timing values defined in Table 5. For DCI format 0_0, the bit width of time domain resource assignment can be set to the same value in UL grant for Msg 3 (discussed in section 2.3) which can be 2 or 3 bits [5]. The timing values with 2 and 3 bits are given in Table 6 and Table 7 respectively.
Table 5: Time domain resource assignment table for PDSCH scheduled by DCI format 1_0
	Index
	K0
	Symbol allocation within a slot
	PDSCH mapping type

	
	
	Starting symbol S relative to start of slot
	Number of consecutive symbols L
	

	0
	0
	S = 3 if DL-DMRS-typeA-pos equals 3 and S = 2 otherwise
	L = 11 if DL-DMRS-typeA-pos equals 3 and L = 12 otherwise
	PDSCH mapping type A

	1
	0
	S = 3 if DL-DMRS-typeA-pos equals 3 and S = 2 otherwise
	L = 10 if DL-DMRS-typeA-pos equals 3 and L = 11 otherwise
	PDSCH mapping type A

	2
	0
	S = 3 if DL-DMRS-typeA-pos equals 3 and S = 2 otherwise
	L = 9 if DL-DMRS-typeA-pos equals 3 and L = 10 otherwise
	PDSCH mapping type A

	3
	0
	S = 3 if DL-DMRS-typeA-pos equals 3 and S = 2 otherwise
	L = 8 if DL-DMRS-typeA-pos equals 3 and L = 9 otherwise
	PDSCH mapping type A


Table 6: Time domain resource assignment table for PUSCH scheduled by DCI format 0_0 assuming 2 bits
	Index
	K2
	Symbol allocation within a slot
	PUSCH mapping type

	
	
	Starting symbol S relative to start of slot
	Number of consecutive symbols L
	

	0
	1
	S = 0
	L = 14
	PUSCH mapping type A

	1
	2
	S = 0
	L = 14
	PUSCH mapping type A

	2
	3
	S = 0
	L = 14
	PUSCH mapping type A

	3
	4
	S = 0
	L = 14
	PUSCH mapping type A


Table 7: Time domain resource assignment table for PUSCH scheduled by DCI format 0_0 assuming 3 bits

	Index
	K2
	Symbol allocation within a slot
	PUSCH mapping type

	
	
	Starting symbol S relative to start of slot
	Number of consecutive symbols L
	

	0
	1
	S = 0
	L = 14
	PUSCH mapping type A

	1
	2
	S = 0
	L = 14
	PUSCH mapping type A

	2
	3
	S = 0
	L = 14
	PUSCH mapping type A

	3
	4
	S = 0
	L = 14
	PUSCH mapping type A

	4
	1
	S = 0
	L = 12
	PUSCH mapping type A

	5
	2
	S = 0
	L = 12
	PUSCH mapping type A

	6
	3
	S = 0
	L = 12
	PUSCH mapping type A

	7
	4
	S = 0
	L = 12
	PUSCH mapping type A


Proposal 11: Discuss time domain resource assignment scheduled by fallback DCI for DL and UL respectively.
Another remaining issue is the reference point for starting symbol. At least for mini-slot scheduling, it is preferred that the starting symbol is with respect to the scheduling PDCCH so that for the multiple CORESETs within the same slot, there is no need to configure multiple rows for time domain resource allocation with same relative timing between PDSCH/PUSCH and scheduling PDCCH. For slot-based scheduling, it is preferable to define the starting symbol from the beginning of the slot for cross-slot scheduling. Therefore, we have the following proposal for starting symbol reference point.
Proposal 12: For PDSCH/PUSCH mapping type A, starting symbol of PDSCH/PUSCH within a slot indicated in DCI is with respect to the slot boundary for PDSCH/PUSCH mapping type A and starting symbol of scheduling PDCCH for PDSCH/PUSCH mapping type B.
2.3 UL grant in RAR
In this section we discuss the UL grant for RACH Msg3. In LTE, UL grant for RACH Msg3 follows the same scheduling method of other UL transmissions with scheduling restrictions to reduce the number of bits. The same principle can be applied for NR. We analyze the potential fields in UL grant for RACH Msg3 in NR as follows.
Table 8: UL grant for RACH Msg 3
	Parameter
	LTE
	NR
	Remarks

	Reserved
	 
	1
	0
	 

	Timing Advance
	 
	11
	12
	12 bits confirmed in 38.321

	UL grant
	Hopping flag
	1
	1
	It was agreed to support a frequency hopping flag for Msg3 and that contiguous RA (Type1) is used for fallback DCI. Here we assume that RA Type1 is also used for Msg3 regardless of DFT-s-OFDM or CP-OFDM waveform.

	
	Frequency domain RA
	10
	10
	For LTE, contiguous RB allocation is used with DFT-s-OFDM and the actual number of RBs is restricted by the size of this field and also whether 1 or 2 bits are reserved for hopping information. For NR we can have a maximum of 275 PRBs but maybe limiting to 10 bits is still okay. 

	
	Time domain RA
	1
	2 or 3
	In LTE this field was called UL delay and was used to either transmit the PUSCH in the first available UL subframe at least 6 subframes after the RAR or delay to the next available UL subframe and is an example of limited timing flexibility. For DCI-based scheduling in NR, it was agreed to support a 4 bit timing field consisting of at least the slot index, start symbol and duration. If UL grant is limited to 20 bits, some enhanced flexibility, but less than DCI-based scheduling can be obtained with 2 bits. If TPC command field can be reduced to 2 bits, the time domain RA field can be increased to 3 bits. The same field size can be defined for DCI format 0_0 transmitted in a common search space.

	
	Truncated MCS
	4
	4
	Seems reasonable to also restrict the MCS as in LTE to no higher than 16QAM 

	
	TPC command
	3
	2 or 3
	The TPC command field is either 3 bits as in LTE or reduced to 2 bits as in DCI format 0_0.

	
	CSI request
	1
	0
	For LTE, this field is only used for non-contention based random access procedure. The same can apply in NR but in NR CSI request field in UL DCI depends on the CSI triggering configuration and can be 0 - 6 bits. One possibility is to disallow A-CSI triggering by RAR. Otherwise we need to increase the number of octets of the MAC PDU or reduce some other field to get e.g. a 1-bit CSI request field.

	Temporary C-RNTI
	 
	16
	16
	 

	Total
	 
	48
	48
	 


Proposal 13: UL grant for RACH Msg 3 in Table 8 is adopted in NR.
3 Conclusion
In this contribution, we discussed remaining issues on PDSCH and PUSCH resource allocation with following proposals.
Proposal 1: RBG size table in Table 1 is adopted for DL and UL.
Proposal 2: RBG is partitioned according to common resource block index and the first RBG size is 

 .
Proposal 3: The number of bits for frequency domain resource allocation field is determined according to the currently active BWP.
· If the target BWP requires less bits than the currently active BWP, the MSBs of the RA field in excess of the required RA bit width are reserved
· If the target BWP requires more bits than the currently active BWP, the RA field forms the LSBs of the required RA bit width.
Proposal 4: The VRB-to-PRB mapping indication field is not present in DCI used for PUSCH scheduling if transform precoding is enabled.
Proposal 5: 1-bit VRB-to-PRB mapping indication is present in fallback DCI and interleaving unit is fixed to 2 RBs for interleaved VRB-to-PRB mapping.
Proposal 6: Clarify in 38.211 that non-interleaved VRB-to-PRB mapping is applied if mapping scheme is not indicated. 

Proposal 7: Clarify that resource block bundle for interleaved VRB-to-PRB mapping is defined according to the common resource block index and the first bundle size is 
 .
Proposal 8: The last VRB bundle is mapped to the last PRB bundle and other VRB bundles are mapped to PRB bundles according to the block interleaver.
Proposal 9: The set of K0 and K2 values defined in Table 2 and Table 3 respectively are adopted.
Proposal 10: The combinations of starting symbol and number of symbols defined in Table 4 are adopted.
Proposal 11: Discuss time domain resource assignment scheduled by fallback DCI for DL and UL respectively.
Proposal 12: For PDSCH/PUSCH mapping type A, starting symbol of PDSCH/PUSCH within a slot indicated in DCI is with respect to the slot boundary for PDSCH/PUSCH mapping type A and starting symbol of scheduling PDCCH for PDSCH/PUSCH mapping type B.
Proposal 13: UL grant for RACH Msg 3 in Table 8 is adopted in NR.
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5 Appendix
5.1 Text proposal according to proposal 1

------------------------------------------------ Start of text proposal for 38.214 ---------------------------------------------

5.1.2.2.1
Downlink resource allocation type 0

In downlink resource allocation of type 0, the resource block assignment information includes a bitmap indicating the Resource Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive physical resource blocks defined by higher layer parameter [RBG size configuration downlink] and the size of the carrier bandwidth part as defined in Table 5.1.2.2.1-1.

Table 5.1.2.2.1-1: Nominal RBG size P

	Carrier Bandwidth Part Size
	Configuration 1
	Configuration 2

	≤40 RBs
	P = 2
	P = 4

	41 - 80 RBs
	P = 4
	P = 4

	81 - 100 RBs
	P = 4
	P = 8

	101 - 192 RBs
	P = 8
	P = 8

	193 - 224 RBs
	P = 8
	P = 16

	≥225 RBs
	P = 16
	P = 16


The total number of RBGs (
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bits with one bitmap bit per RBG such that each RBG is addressable. The RBGs shall be indexed in the order of increasing frequency and non-increasing RBG sizes starting at the lowest frequency of the carrier bandwidth part. The order of RBG bitmap is such that RBG 0 to RBG
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 are mapped from MSB to LSB. The RBG is allocated to the UE if the corresponding bit value in the bitmap is 1, the RBG is not allocated to the UE otherwise.
<text omitted>
6.1.2.2.1
Uplink resource allocation type 0

In uplink resource allocation of type 0, the resource block assignment information includes a bitmap indicating the Resource Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive physical resource blocks defined by higher layer parameter RBG-size-PUSCH and the size of the carrier bandwidth part as defined in Table 6.1.2.2.1-1.

Table 6.1.2.2.1-1: Nominal RBG size P

	Carrier Bandwidth Part Size
	Configuration 1
	Configuration 2

	≤40 RBs
	P = 2
	P = 4

	41 - 80 RBs
	P = 4
	P = 4

	81 - 100 RBs
	P = 4
	P = 8

	101- 192 RBs
	P = 8
	P = 8

	193 – 224 RBs
	P = 8
	P = 16

	≥225 RBs
	P = 16
	P = 16


The total number of RBGs (
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bits with one bitmap bit per RBG such that each RBG is addressable. The RBGs shall be indexed in the order of increasing frequency of the carrier bandwidth part and non-increasing RBG sizes starting at the lowest frequency. The order of RBG bitmap is such that RBG 0 to RBG
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 are mapped from MSB to LSB of the bitmap. The RBG is allocated to the UE if the corresponding bit value in the bitmap is 1, the RBG is not allocated to the UE otherwise.
------------------------------------------------ End of text proposal for 38.214 ---------------------------------------------

5.2 Text proposal according to proposal 2
----------------------------------------------- Start of text proposal for 38.214 ---------------------------------------------

5.1.2.2.1
Downlink resource allocation type 0

In downlink resource allocation of type 0, the resource block assignment information includes a bitmap indicating the Resource Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive physical resource blocks defined by higher layer parameter [RBG size configuration downlink] and the size of the carrier bandwidth part as defined in Table 5.1.2.2.1-1.

Table 5.1.2.2.1-1: Nominal RBG size P

	Carrier Bandwidth Part Size
	Configuration 1
	Configuration 2

	[1st Range of RBs]
	P = [one of {2, 4, 8, 16}]
	P = [one of {2, 4, 8, 16}]

	[2nd Range of RBs]
	P = [one of {2, 4, 8, 16}]
	P = [one of {2, 4, 8, 16}]

	[3rd Range of RBs]
	P = [one of {2, 4, 8, 16}]
	P = [one of {2, 4, 8, 16}]

	[4th Range of RBs]
	P = [one of {2, 4, 8, 16}]
	P = [one of {2, 4, 8, 16}]

	
	
	


The total number of RBGs (
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the first RBG size is given by 
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 and the last RBG size given by 
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bits with one bitmap bit per RBG such that each RBG is addressable. The RBGs shall be indexed in the order of increasing frequency starting at the lowest frequency of the carrier bandwidth part. The order of RBG bitmap is such that RBG 0 to RBG
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 are mapped from MSB to LSB. The RBG is allocated to the UE if the corresponding bit value in the bitmap is 1, the RBG is not allocated to the UE otherwise.
<text omitted>
6.1.2.2.1
Uplink resource allocation type 0

In uplink resource allocation of type 0, the resource block assignment information includes a bitmap indicating the Resource Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive physical resource blocks defined by higher layer parameter RBG-size-PUSCH and the size of the carrier bandwidth part as defined in Table 6.1.2.2.1-1.

Table 6.1.2.2.1-1: Nominal RBG size P

	Carrier Bandwidth Part Size
	Configuration 1
	Configuration 2

	[1st Range of RBs]
	P = [one of {2, 4, 8, 16}]
	P = [one of {2, 4, 8, 16}]

	[2nd Range of RBs]
	P = [one of {2, 4, 8, 16}]
	P = [one of {2, 4, 8, 16}]

	[3rd Range of RBs]
	P = [one of {2, 4, 8, 16}]
	P = [one of {2, 4, 8, 16}]

	[4th Range of RBs]
	P = [one of {2, 4, 8, 16}]
	P = [one of {2, 4, 8, 16}]


The total number of RBGs (
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 where 


the first RBG size is given by 
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 and the last RBG size given by 
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. The bitmap is of size 
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bits with one bitmap bit per RBG such that each RBG is addressable. The RBGs shall be indexed in the order of increasing frequency of the carrier bandwidth part starting at the lowest frequency. The order of RBG bitmap is such that RBG 0 to RBG
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 are mapped from MSB to LSB of the bitmap. The RBG is allocated to the UE if the corresponding bit value in the bitmap is 1, the RBG is not allocated to the UE otherwise.
------------------------------------------------- End of text proposal for 38.214 ---------------------------------------------

5.3 Text proposal according to proposal 3
------------------------------------------------- Start of text proposal for 38.214 ---------------------------------------------

5.1.2.2
Resource allocation in frequency domain

The UE shall determine the resource block assignment in frequency domain using the resource allocation field in the detected PDCCH DCI. Two downlink resource allocation schemes type 0 and type 1 are supported. The UE may assume that when the scheduling grant is received with DCI format 1_0 downlink resource allocation type 1 is used.

If the scheduling DCI is configured to indicate the downlink resource allocation type as part of the Frequency-domainPDSCHresource field, the UE shall use downlink resource allocation type 0 or type 1 as defined by this field. Otherwise the UE shall use the downlink frequency resource allocation type as defined by the RRC configured parameter Resource-allocation-config for PDSCH.

The RB indexing for downlink type 0 and type 1 resource allocation is determined within the UE’s active carrier bandwidth part, and the UE shall upon detection of PDCCH intended for the UE determine first the downlink carrier bandwidth part and then the resource allocation within the carrier bandwidth part.
If the downlink carrier bandwidth part indicated in DCI is different from the downlink bandwidth part in which scheduling DCI is received, the Frequency-domainPDSCHresource field is interpreted as follows.

if the downlink carrier bandwidth part indicated in DCI requires less bits than the downlink carrier bandwidth part in which scheduling DCI is transmitted,

Truncate the Frequency-domainPDSCHresource field to its b least significant bits, where b is required number of bits according to the downlink carrier bandwidth part indicated in DCI, and interpret the truncated resource block assignment according to the rules in 5.1.2.2.1 and 5.1.2.2.2.
Else

Insert b most significant bits with value set to ‘0’ in the Frequency-domainPDSCHresource field, where b is different between the number of bits according to the downlink carrier bandwidth part indicated in DCI and the number of bits according to the downlink carrier bandwidth part in which scheduling DCI is transmitted, and interpret the expanded resource block assignment according to the rules in 5.1.2.2.1 and 5.1.2.2.2.
End if
<text omitted>
6.1.2.2
Resource allocation in frequency domain

The UE shall determine the resource block assignment in frequency domain using the resource allocation field in the detected PDCCH DCI. Two uplink resource allocation schemes type 0 and type 1 are supported. Uplink resource allocation scheme type 0 is supported for OFDM-based PUSCH. Uplink resource allocation scheme type 1 is supported for PUSCH for both cases when transform precoding is enabled or disabled.

If the scheduling DCI carries the [FrequencyDomainRA] field, the UE shall use uplink resource allocation type 0 or type 1 as defined by this field. Otherwise the UE shall use the uplink frequency resource allocation type as defined by the RRC configured parameter Resource-allocation-config for PUSCH.

The UE may assume that when the scheduling PDCCH is received with DCI format 1_0 uplink resource allocation type 1 is used.The RB indexing for uplink type 0 and type 1 resource allocation is determined within the UE’s active carrier bandwidth part, and the UE shall upon detection of PDCCH intended for the UE determine first the uplink carrier bandwidth part and then the resource allocation within the carrier bandwidth part.

The RB indexing for uplink type 0 and type 1 resource allocation is determined within the UE’s active carrier bandwidth part, and the UE shall upon detection of PDCCH intended for the UE determine first the uplink carrier bandwidth part and then the resource allocation within the carrier bandwidth part.
If the uplink carrier bandwidth part indicated in DCI is different from the uplink bandwidth part associated with the downlink bandwidth part in which scheduling DCI is received, [FrequencyDomainRA] field is interpreted as follows.

If the uplink carrier bandwidth part indicated in DCI requires less bits than the uplink carrier bandwidth part associated with the downlink bandwidth part in which scheduling DCI is transmitted,

Truncate [FrequencyDomainRA] field to its b least significant bits, where b is required number of bits according to the uplink carrier bandwidth part indicated in DCI, and interpret the truncated resource block assignment according to the rules in 6.1.2.2.1 and 6.1.2.2.2.

Else

Insert b most significant bits with value set to ‘0’ in the [FrequencyDomainRA] field, where b is different between the number of bits according to the uplink carrier bandwidth part indicated in DCI and the number of bits according to the uplink carrier bandwidth part associated with the downlink bandwidth part in which scheduling DCI is transmitted, and interpret the expanded resource block assignment according to the rules in 6.1.2.2.1 and 6.1.2.2.2.
End if
-------------------------------------------------- End of text proposal for 38.214 ---------------------------------------------

5.4 Text proposal according to proposal 4-8
----------------------------------------------- Start of  text proposal for 38.212------------------------------------------------

7.3.1.1.1
Format 0_0

DCI format 0_0 is used for the scheduling of PUSCH in one cell. 
The following information is transmitted by means of the DCI format 0_0:
-
Identifier for DCI formats – [1] bit
-
Frequency domain resource assignment –[
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-
VRB-to-PRB mapping – 0 or 1 bit

-
0 bit if PUSCH-tp=Enabled;


-
1 bit otherwise.
-
Time domain resource assignment – X bits

-
Frequency hopping flag – 1 bit.

-
Modulation and coding scheme – [5] bits as defined in section x.x of [6, TS38.214]
-
New data indicator – 1 bit
-
Redundancy version – [2] bits as defined in section x.x of [6, TS38.214]
-
HARQ process number – [4] bits
-
TPC command for scheduled PUSCH – [2] bits as defined in section x.x of [5, TS38.213]
-
UL/SUL indicator –0 bit for UEs not configured with SUL in the cell; 1 bit for UEs configured with SUL in the cell as defined in Table 7.3.1.1.1-1.

If the number of information bits in format 0_0 is less than the payload size of format 1_0 for scheduling the same serving cell, zeros shall be appended to format 0_0 until the payload size equals that of format 1_0.
Table 7.3.1.1.1-1: UL/SUL indicator

	Value of UL/SUL indicator
	Uplink

	0
	The non-supplementary uplink 

	1
	The supplementary uplink



7.3.1.1.2
Format 0_1

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:
-
Carrier indicator – 0 or 3 bits, as defined in section x.x of [5, TS38.213].
-
Identifier for DCI formats – [1] bit
-
Bandwidth part indicator – 0, 1 or 2 bits as defined in Table 7.3.1.1.2-1. The bitwidth for this field is determined according to the higher layer parameter BandwidthPart-Config for the PUSCH.

-
Frequency domain resource assignment –
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 bits if both resource allocation type 0 and 1 are configured.

-
If both resource allocation type 0 and 1 are configured, the MSB bit is used to indicate resource allocation type 0 or resource allocation type 1, where the bit value of 0 indicates resource allocation type 0 and the bit value of 1 indicates resource allocation type 1. 
-
For resource allocation type 0, the
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 LSBs provide the resource allocation as defined in section 6.1.2.2.1 of [6, TS38.214].
-
For resource allocation type 1, the  
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 LSBs provide the resource allocation as defined in section 6.1.2.2.2 of [6, TS38.214]
-
Time domain resource assignment – 1, 2, 3, or 4 bits as defined in section X.X of [6, TS38.214]. The bitwidth for this field is determined according to the higher layer parameter XXX.

-
VRB-to-PRB mapping – 0 or 1 bit, only applicable to resource allocation type 1, as defined in section xxx of [4, TS38.211].


-
0 bit if only resource allocation type 0 is configured or PUSCH-tp=Enabled;


-
1 bit otherwise.
<text omitted>
----------------------------------------------- End of text proposal for 38.212------------------------------------------------

----------------------------------------------- Start of text proposal for 38.211------------------------------------------------

6.3.1.7
Mapping from virtual to physical resource blocks

Virtual resource blocks shall be mapped to physical resource blocks according to the indicated mapping scheme, non-interleaved or interleaved mapping. If the mapping scheme is not indicated, virtual resource blocks shall be mapped to physical resource blocks according to non-interleaved mapping.
For non-interleaved VRB-to-PRB mapping, virtual resource block 
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  is mapped to physical resource block 
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.

For interleaved VRB-to-PRB mapping, the mapping process is defined in terms of resource block bundles:

-
Resource block bundle 

of size L partitions the carrier bandwidth part i and each resource block bundle consists of consecutive RBs where 
[image: image75.wmf]L

 is the bundle size provided by the higher-layer parameter VRB-to-PRB-interleaver or fixed to be 2 if the higher-layer parameter VRB-to-PRB-interleaver is not applicable. The first resource block bundle size is given by 
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-
Virtual resource block bundle 
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 except the last virtual resource block bundle is mapped to physical resource block bundle 
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with 
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 representing the size of the carrier bandwidth part in which the PUSCH is transmitted. The last virtual resource block bundle is mapped to the last physical resource block bundle.
<text omitted>
7.3.1.6
Mapping from virtual to physical resource blocks

The UE shall assume the virtual resource blocks are mapped to physical resource blocks according to the indicated mapping scheme, non-interleaved or interleaved mapping. If not indicated, virtual resource blocks shall be mapped to physical resource blocks according to non-interleaved mapping.
For non-interleaved VRB-to-PRB mapping, virtual resource block 
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  is mapped to physical resource block 
[image: image84.wmf]n

.

For interleaved VRB-to-PRB mapping, the mapping process is defined in terms of resource block bundles:

-
Resource block bundle 

of size L partition the carrier bandwidth part i and each resource block bundle consists of consecutive RBs where 
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 is the bundle size provided by the higher-layer parameter VRB-to-PRB-interleaver or fixed to be 2 if the higher-layer parameter VRB-to-PRB-interleaver is not applicable. The first resource block bundle size is given by 
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Virtual resource block bundle 
[image: image90.wmf]j

 except the last virtual resource block bundle is mapped to physical resource block bundle 
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with 
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 representing the size of the carrier bandwidth part in which the PDSCH is transmitted. The last virtual resource block bundle is mapped to the last physical resource block bundle.
The UE may assume that the same precoding in the frequency domain is used across a bundle of common resource blocks numbered 
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 and the bundle size 
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 is given by the higher-layer parameter PDSCH-bundle-size if configured, otherwise by the DCI scheduling the transmission. The UE shall not make any assumption that the same precoding is used for different bundles of common resource blocks.
------------------------------------------------ End of text proposal for 38.211------------------------------------------------

5.5 Text proposal according to proposal 9-12
--------------------------------------------- Start of 1st text proposal for 38.214------------------------------------------------

5.1.2.1
Resource allocation in time domain

When the UE is scheduled to receive PDSCH by a DCI format 1_1, the Time-domain PDSCH resources field of the DCI provides a row index of an RRC configured table [pdsch-symbolAllocation], where the indexed row defines the slot offset K0, the start and length indicator SLIV, and the PDSCH mapping type to be assumed in the PDSCH reception.

-
The slot allocated for the PDSCH is determined by K0 of the indexed row n+K0, where n is the slot with the scheduling DCI, K0 is a value from 0 to 3 based on the numerology of PDSCH, and

-
The starting symbol S relative to the start of the slot for PDSCH mapping type A and relative to the starting symbol of scheduling DCI, and the number of consecutive symbols L counting from the symbol S allocated for the PDSCH are determined from the start and length indicator SLIV of the indexed row and RRC configures SLIV from Table 5.1.2.1-1:

if 
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Table 5.1.2.1-1: SLIV by RRC configuration
	Index
	Starting symbol S
	Number of symbols L
	start and length indicator SLIV

	0
	0
	14
	27

	1
	0
	13
	41

	2
	0
	12
	55

	3
	0
	11
	69

	4
	0
	10
	83

	5
	0
	9
	97

	6
	0
	8
	98

	7
	0
	7
	84

	8
	0
	4
	42

	9
	0
	2
	14

	10
	1
	13
	40

	11
	1
	12
	54

	12
	1
	11
	68

	13
	1
	10
	82

	14
	1
	9
	96

	15
	1
	8
	99

	16
	1
	7
	85

	17
	1
	4
	43

	18
	1
	2
	15

	19
	2
	12
	53

	20
	2
	11
	67

	21
	2
	10
	81

	22
	2
	9
	95

	23
	2
	8
	100

	24
	2
	7
	86

	25
	2
	6
	72

	26
	2
	4
	44

	27
	2
	2
	16

	28
	3
	11
	66

	29
	3
	10
	80

	30
	3
	9
	94

	31
	3
	8
	101

	32
	3
	7
	87

	33
	3
	6
	73

	34
	3
	5
	59

	35
	3
	4
	45

	36
	3
	2
	17

	37
	4
	10
	79

	38
	4
	9
	93

	39
	4
	8
	102

	40
	4
	7
	88

	41
	4
	6
	74

	42
	4
	5
	60

	43
	4
	4
	46

	44
	4
	2
	18

	45
	5
	9
	92

	46
	5
	8
	103

	47
	5
	7
	89

	48
	5
	6
	75

	49
	5
	5
	61

	50
	5
	4
	47

	51
	5
	3
	33

	52
	5
	2
	19

	53
	6
	8
	104

	54
	6
	7
	90

	55
	6
	6
	76

	56
	6
	5
	62

	57
	6
	4
	48

	58
	6
	3
	34

	59
	6
	2
	20

	60
	7
	2
	21

	61
	7
	4
	49

	62
	7
	7
	91

	63
	reserved


-
The PDSCH mapping type is set to Type A or Type B as defined in sub-clause 7.4.1.1.2 [4, TS 38.211] as given by the indexed row.

When the UE is scheduled to receive PDSCH by a DCI format 0_1, the Time-domain PDSCH resources field of the DCI provides a row index of Table 5.1.2.1-2, where the indexed row defines the slot offset K0, the starting symbol relative to start of slot and the number of consecutive symbols counting from the starting symbol, and the PDSCH mapping type to be assumed in the PDSCH reception.
Table 5.1.2.1-2 Time domain PDSCH resource assignment
	Index
	K0
	Symbol allocation within a slot
	PDSCH mapping type

	
	
	Starting symbol S relative to start of slot
	Number of consecutive symbols L
	

	0
	0
	S = 3 if DL-DMRS-typeA-pos equals 3 and S = 2 otherwise
	L = 11 if DL-DMRS-typeA-pos equals 3 and L = 12 otherwise
	PDSCH mapping type A

	1
	0
	S = 3 if DL-DMRS-typeA-pos equals 3 and S = 2 otherwise
	L = 10 if DL-DMRS-typeA-pos equals 3 and L = 11 otherwise
	PDSCH mapping type A

	2
	0
	S = 3 if DL-DMRS-typeA-pos equals 3 and S = 2 otherwise
	L = 9 if DL-DMRS-typeA-pos equals 3 and L = 10 otherwise
	PDSCH mapping type A

	3
	0
	S = 3 if DL-DMRS-typeA-pos equals 3 and S = 2 otherwise
	L = 8 if DL-DMRS-typeA-pos equals 3 and L = 9 otherwise
	PDSCH mapping type A


When the UE is configured with aggregation-factor-DL > 1, the same symbol allocation is applied across the aggregation-factor-DL consecutive slots not defined as UL by the slot format indication.
<text omitted>
6.1.2.1
Resource allocation in time domain

 When the UE is scheduled to transmit PUSCH by a DCI, the Time-domain PUSCH resources field of the DCI provides a row index of an RRC configured table [pusch-symbolAllocation], where the indexed row defines the slot offset K2, the start and length indicator SLIV, and the PUSCH mapping type to be applied in the PUSCH reception.
-
The slot where the UE shall transmit the PUSCH is determined by K2 of the indexed row as 
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 where n is the slot with the scheduling DCI, K2 is a value from 0 to 7 based on the numerology of PUSCH, and

-
The starting symbol S relative to the start of the slot for PUSCH mapping type A and relative to the starting symbol of scheduling DCI for mapping type B, and the number of consecutive symbols L counting from the symbol S allocated for the PUSCH are determined from the start and length indicator SLIV of the indexed row and RRC configures SLIV from Table 5.1.2.1-1:
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The PUSCH mapping type is set to Type A or Type B as defined in [38.211 Subclause 6.4.1.1.3] as given by the indexed row.

----------------------------------------------- End of text proposal for 38.214------------------------------------------------

5.6 Text proposal according to proposal 13
------------------------------------------------ Start of text proposal for 38.213------------------------------------------------

8.2
  Random access response

In response to a PRACH transmission, a UE attempts to detect a PDCCH with a corresponding RA-RNTI during a window controlled by higher layers [11, TS 38.321]. The window starts at the first symbol of the earliest control resource set the UE is configured for Type1-PDCCH common search space, as defined in Subclause 10.1, that is 
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 symbols after the last symbol of the preamble sequence transmission. The length of the window in number of slots, based on the sub-carrier spacing and cyclic prefix for Type0-PDCCH common search space as defined in Subclause 10.1, is provided by higher layer parameter rar-WindowLength. 

If the UE detects the PDCCH with the corresponding RA-RNTI and a corresponding DL-SCH transport block within the window, the UE passes the transport block to higher layers. The higher layers parse the transport block for a random access preamble identity (RAPID) associated with the PRACH transmission and, if the RAPID is identified, indicate the uplink grant to the physical layer. This is referred to as random access response (RAR) grant in the physical layer. A UE shall receive the PDCCH and the PDSCH that includes the DL-SCH transport block with same subcarrier spacing and same cyclic prefix as for the reception of PDCCH Type0-PDCCH common search space and with DM-RS antenna port quasi co-location properties as described in [6, 38.214].

Unless a UE is configured a subcarrier spacing, the UE receives subsequent PDSCH using same subcarrier spacing as for the PDSCH reception providing the random access response.

If the UE does not detect the PDDCH or a corresponding DL-SCH transport block within the window, the UE procedure is as described in [11, TS 38.321].  

The higher layers indicate the 20-bit UL Grant to the physical layer, as defined in [11]. This is referred to the Random Access Response Grant in the physical layer. The content of these 20 bits starting with the MSB and ending with the LSB are as follows:

- Hopping flag – 1 bit

- Fixed size frequency domain resource assignment – 10 bits

- Time domain resource assignment – 2 bits 

- Truncated modulation and coding scheme – 4 bits

- TPC command for scheduled PUSCH – 3 bits

The UE shall perform PUSCH frequency hopping if the single bit frequency hopping (FH) field in a corresponding Random Access Response Grant is set as 1, otherwise no PUSCH frequency hopping is performed.  When the hopping flag is set, the UE shall perform PUSCH hopping as indicated via the fixed size resource block assignment detailed below, 
The fixed size resource block assignment field is interpreted as follows:
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Truncate the fixed size resource block assignment to its b least significant bits, where 
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, and interpret the truncated resource block assignment according to the rules for a regular DCI format 0

else 

Insert b most significant bits with value set to ‘0’ after the NUL_hop hopping bits in the fixed size resource block assignment, where the number of hopping bits NUL_hop is zero when the hopping flag bit is not set to 1, and is defined in [38.214 Sec. 6.3] when the hopping flag bit is set to 1, and 
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end if

The truncated modulation and coding scheme field is interpreted such that the modulation and coding scheme corresponding to the Random Access Response grant is determined from MCS indices 0 through 15 in Table 5.1.3.1-1 if transform precoding is disabled or Table 6.1.4.1-1 if transform precoding is enabled in [6].

------------------------------------------------ End of text proposal for 38.213------------------------------------------------

----------------------------------------------- Start of text proposal for 38.214------------------------------------------------

6.1.2.2
Resource allocation in frequency domain

The UE shall determine the resource block assignment in frequency domain using the resource allocation field in the detected PDCCH DCI. Two uplink resource allocation schemes type 0 and type 1 are supported. Uplink resource allocation scheme type 0 is supported for OFDM-based PUSCH. Uplink resource allocation scheme type 1 is supported for PUSCH for both cases when transform precoding is enabled or disabled.

If the scheduling DCI carries the [FrequencyDomainRA] field, the UE shall use uplink resource allocation type 0 or type 1 as defined by this field. Otherwise the UE shall use the uplink frequency resource allocation type as defined by the RRC configured parameter Resource-allocation-config for PUSCH.

The UE may assume that when the scheduling PDCCH is received with DCI format 1_0 or random access response uplink resource allocation type 1 is used. The RB indexing for uplink type 0 and type 1 resource allocation is determined within the UE’s active carrier bandwidth part, and the UE shall upon detection of PDCCH intended for the UE determine first the uplink carrier bandwidth part and then the resource allocation within the carrier bandwidth part.

The RB indexing for uplink type 0 and type 1 resource allocation is determined within the UE’s active carrier bandwidth part, and the UE shall upon detection of PDCCH intended for the UE determine first the uplink carrier bandwidth part and then the resource allocation within the carrier bandwidth part.

------------------------------------------------ End of text proposal for 38.214------------------------------------------------
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