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1 Introduction

This contribution discusses outstanding details of NR PDSCH and PUSCH resource allocation including frequency domain resource allocation, time domain resource allocation and UL grant in RAR.
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 VRB-to-PRB mapping
In NR, the interleaving unit, i.e. resource block bundle size, is configured by UE-specific RRC signaling. For non-fallback DCI, the resource block bundle size can be determined according to RRC configuration. For fallback DCI, it needs to be clarified how UE obtains the interleaving unit. It is proposed to define a default resource block bundle size which is 2.
Proposal 2: Resource block bundle size for VRB-to-PRB mapping is 2 RBs for data channel scheduled by fallback DCI.
The VRB-to-PRB mapping field may or may not be present in DCI depending on DCI format, configured resource allocation types and/or UL waveform. It needs to be clarified that non-interleaved VRB-to-PRB mapping is applied if not indicated in DCI.
Proposal 3: Clarify in 38.211 that non-interleaved VRB-to-PRB mapping is applied if mapping scheme is not indicated. 
When VRB-to-PRB mapping field is present in DCI, how to interpret the 1-bit indication has not been specified. It is proposed that value 0 indicates non-interleaved VRB-to-PRB mapping and value 1 indicates interleaved VRB-to-PRB mapping.

Proposal 4: For VRB-to-PRB mapping field in DCI, value 0 indicates non-interleaved VRB-to-PRB mapping and value 1 indicates interleaved VRB-to-PRB mapping.
A text proposal according to proposal 2, 3 and 4 is provided below.

-------------------------------------------------------Start of Text proposal for 38.211----------------------------------------
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. The UE shall assume non-interleaved VRB-to-PRB mapping if the corresponding bit value is 0 and interleaved VRB-to-PRB mapping otherwise. If the mapping scheme is not indicated, the UE shall assume non-interleaved VRB-to-PRB 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:
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 resource-block bundles in increasing order of the resource-block number and bundle number where 
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 is the bundle size for bandwidth part 
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 provided by the higher-layer parameter VRB-to-PRB-interleaver  and 
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 for PDSCH scheduled by DCI format 1_0 and
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resource block bundle 0 consists of 
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 resource blocks otherwise,

-
all other resource block bundles consists of 
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Virtual resource blocks in the interval 
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 are mapped to physical resource blocks according to
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virtual resource block bundle 
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 is mapped to physical resource block bundle 
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The UE is not expected to be configured with 
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 simultanosuly with a PRG size of 4 as defined in [TS38.214]

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 determined by clause 5.1.2.3 in [TS38.214, 6]. 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----------------------------------------

2.1.3 PUSCH frequency hopping
For PUSCH frequency hopping, the hopping boundary has not be defined. In general, it is proposed to follow NR PUCCH frequency hopping boundaries.

For PUSCH with intra-slot FH, it is proposed that the frequency hopping boundary is the same as frequency hopping boundary for PUCCH, i.e. the number of symbols in the first hop is 
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 where L is the number of symbols of PUSCH. For PUSCH with inter-slot frequency hopping, it is proposed that UE performs frequency hopping per slot. The starting RB in slots with even index is the RB derived from the frequency domain resource allocation while the starting RB in slots with odd index is derived from the frequency domain resource allocation and the frequency offset between two hops.
Proposal 5: PUSCH frequency hopping boundaries for both intra-slot and inter-slot hopping follow the same mechanisms for PUCCH frequency hopping.
2.2 Time domain resource allocation
2.2.1 Time domain resource allocation for PDSCH/PUSCH scheduled by fallback DCI

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

For DCI format 1_0, the timing values are proposed in Table 2 taking both PDSCH mapping type A and mapping type B into account. 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. The timing values with 2 and 3 bits are given in Table 3 and Table 4 respectively.
Table 2: 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=2
	L = 12 
	PDSCH mapping type A

	1
	0
	S=2
	L = 10 
	PDSCH mapping type A

	2
	0
	S=2
	L = 7
	PDSCH mapping type B

	3
	0
	S=4
	L = 7
	PDSCH mapping type B

	4
	0
	S=6
	L = 7
	PDSCH mapping type B

	5
	0
	S=6
	L = 4
	PDSCH mapping type B

	6
	0
	S=8
	L = 4
	PDSCH mapping type B

	7
	reserved


Table 3: 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 4: 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 6: The time domain resource assignment in Tables 2 and 3/4 are specified in 38.214 for PDSCH and PUSCH scheduled by DCI formats 1_0 and 0_0 respectively.
2.2.2 Slot aggregation
At the RAN1#91 meeting, a unified handling of PDSCH/PUSCH/PUCCH reception/transmission for multi-slot transmission was agreed, where in case of a direction conflict between a multi-slot scheduling assignment and a semi-static UL-DL assignment, the UE is cancelled. However, a parallel discussion was taking place regarding multi-slot PUCCH transmission where it was agreed after the email discussion of [91-NR-14] that a UE postpones PUCCH transmission to th next valid UL slot if semi-static DL/UL assignment configuration of a slot has a direction conflict with scheduled PUCCH assigned symbols. Here, a slot is considered as valid if the starting symbol and duration indicated by the PUCCH resource are indicated as UL/flexible by the semi-static UL-DL configuration. Consequently, the earlier agreement was updated at RAN1 AH 1801 meeting as follows

Agreements:

· Update the previous agreements as follows:

· For DCI granted multi-slot transmission (PDSCH/PUSCH) vs semi-static DL/UL assignment

· If semi-static DL/UL assignment configuration of a slot has no direction confliction with scheduled PDSCH/PUSCH assigned symbols, the PDSCH/PUSCH in that slot  is received/transmitted

· If semi-static DL/UL assignment configuration of a slot has direction confliction with scheduled PDSCH/PUSCH assigned symbols, the PDSCH/PUSCH transmission in that slot is not received/transmitted
· For DCI granted multi-slot transmission (PDSCH/PUSCH) vs dynamic SFI, when there is no semi-static DL/UL assignment or the semi-static DL/UL assignment indicates unknown
· UE is not expected to receive a dynamic SFI indicating a conflicting direction from DCI grant 

· 
This leads to different handling between PUCCH multi-slot transmission and scheduled PDSCH/PUSCH multi-slot transmission. It should be noted that the main use case for slot aggregation is to guarantee a target coverage level. This coverage cannot be guaranteed if the UE drops, rather than defer, the PDSCH/PUSCH transmission whenever there is a direction conflict. In general it is not expected that a set of unidirectional slots equal to the slot-aggregation length would be typical in TDD deployments. Therefore, it is proposed to have same handling of PDSCH/PUSCH multi-slot transmission as PUCCH multi-slot transmission, i.e. UE postpones PDSCH/PUSCH if semi-static DL/UL assignment configuration of a slot has direction conflict with scheduled PDSCH/PUSCH assigned symbols.
Proposal 7: If a UE is configured for slot aggregation of length K and the UE is provided a semi-static UL-DL configuration, the UE determines the valid slots for reception/transmission as the slots where the start symbol and duration indicated by the scheduling assignment have the same direction indicated by the semi-static DL/UL assignment configuration.
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 5: 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 8: UL grant for RACH Msg 3 in Table 5 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.
	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


Proposal 2: Resource block bundle size for VRB-to-PRB mapping is 2 RBs for data channel scheduled by fallback DCI.
Proposal 3: Clarify in 38.211 that non-interleaved VRB-to-PRB mapping is applied if mapping scheme is not indicated. 
Proposal 4: For VRB-to-PRB mapping field in DCI, value 0 indicates non-interleaved VRB-to-PRB mapping and value 1 indicates interleaved VRB-to-PRB mapping.
Proposal 5: PUSCH frequency hopping boundaries for both intra-slot and inter-slot hopping follow the same mechanisms for PUCCH frequency hopping.
Proposal 6: The time domain resource assignment in Tables 2 and 3/4 are specified in 38.214 for PDSCH and PUSCH scheduled by DCI formats 1_0 and 0_0 respectively.
Proposal 7: If a UE is configured for slot aggregation of length K and the UE is provided a semi-static UL-DL configuration, the UE determines the valid slots for reception/transmission as the slots where the start symbol and duration indicated by the scheduling assignment have the same direction indicated by the semi-static DL/UL assignment configuration.
Proposal 8: UL grant for RACH Msg 3 in Table 5 is adopted in NR.
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