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1. Introduction

In this contribution, the remaining details of DL/UL frequency/time resource allocation aspects and TBS design are discussed.
2. Frequency Resource Allocation Aspects
RA Type 0
At RAN1#90bis meeting, it was agreed to support two configurations for resource allocation type 0. The exact RBG sizes in the configuration table needs to be finalized.
	Agreements:

Config 1

Config 2

X0 – X1 RBs

RBG size 1

RBG size 2

X1+1 – X2 RBs

RBG size 3

RBG size 4

…

…

…

· RRC selects config 1 or config 2

· One config (config 1) is the default until RRC configures otherwise

· The numbers ‘RBG size’ in the table are fixed in the spec

· The number of rows should be no more than [4-6]

· Same table for DL and UL

· The configuration for DL & UL is separate

· Same RBG size irrespective of the duration (slot vs. non-slot)


With two configurations, it is possible to provide some tradeoff in terms of scheduling flexibility and signalling overhead. Considering that configuration 1 is the default one before RRC configuration, it is preferred that the RBG size in configuration 1 has less signalling overhead while configuration 2 can provide more scheduling flexibility. On the other hand, configuration 1 with low signalling overhead can be considered for non-slot based scheduling. Therefore for configuration 1, the full set of RBG sizes (i.e., 2, 4, 8, and 16) are used, considering tradeoff between signalling and scheduling flexibility among 4 RBG sizes in the BW ranges. In Table 1, one example set of RBG sizes in configuration 1 is shown.
In configuration 2, for a given BW range, a smaller RBG size can be used, which hence provides a bit finer scheduling granularity and flexibility but with higher signalling overhead compared to configuration 1. In Table 2, one example set of RBG sizes in configuration 2 is shown. Finally, we consider the combination of configuration 1 and configuration 2 for the final determination of RBG sizes, as shown in Figure 1.
Table 1: RBG set for Configuration 1

	
	Config 1
	#Bits

	<= 26 RBs
	2
	   – 13 

	27 – 60 RBs
	4
	7 – 15 

	61 – 128 RBs
	8
	8 – 16

	129 – 275 RBs
	16
	9 – 18 


Table 2: RBG set for Configuration 2
	
	Config 2
	#Bits

	<= 40 RBs
	2
	     – 20 

	41 – 96 RBs
	4
	11 – 24 

	97 – 224 RBs
	8
	13 – 28

	225 – 275 RBs
	16
	15 – 18 
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Figure 1: Bitmap size vs. RBG configurations

Proposal 1: Support the following table for RBG configuration:
	
	Config 1
	Config 2

	<= 26 RBs
	2
	2

	27 – 40 RBs
	4
	2

	41 – 60 RBs
	4
	4

	61 – 96 RBs
	8
	4

	97 – 128 RBs
	8
	8

	129 – 224 RBs
	16
	8

	225 – 275 RBs
	16
	16


RA Type 1

For the same purpose as LTE, distributed VRB-to-PRB mapping for resource allocation Type 1 should be supported in NR. However, considering BWP operations in NR, since LTE-interleaver which is spanned over channel BW may not work properly, there seems to be two possible alternatives to support it as below.

· Alt. 1: WB CC is divided to N sub-bands. Interleavers are spanned per sub-band. 

· Alt. 2: BWP-specific interleaving is performed within only the active BWP size.

For Alt. 1, if a UE is configured a BWP which contains one or multiple sub-bands, distributed VRB-to-PRB mapping can work fine within the contained sub-bands. However, if the sub-band size is too large, then the configured BWP may not contain even single sub-band. In contrast, if the sub-band size is too small, then frequency diversity gain may not be obtained enough. Furthermore, if the edge of the configured BWP is placed in the middle of the sub-band, then interleaved RBs can be placed outside the configured BWP so that the inteleaver for the sub-band may not be used. On the other hands, for Alt. 2, irrespective of size and location of the configured BWP, BWP-specific inteleaver is generated within the BWP based on the size of BWP. Since interleavers are not common to all UEs, this approach may cause a PRB collision problem between different BWP-specific interleavers in case that different UE’s BWPs are overlapped. However, this problem could be handled by a scheduler of gNB by allocate resource to avoid collision appropriately. Block-interleaver can be used for simple implementation. To provide flexibility to gNB scheduler, the number of rows and columns can be configured semi-statically. 

Proposal 2: For distributed VRB-to-PRB mapping, BWP-specific interleving should be supported where block-interleaver is generated and confined in the configured BWP. To provide flexibility to a gNB scheduler, parameters for block-interleaver such as the number of columns and rows can be configured semi-statically.
3. Time Resource Allocation Aspects
In RAN1#90bis, the following agreement was made for time resource allocation.
	Agreements:
· For both slot and mini-slot, the scheduling DCI can provide an index into a UE-specific table giving the OFDM symbols used for the PDSCH (or PUSCH) transmission

· starting OFDM symbol and length in OFDM symbols of the allocation
· FFS: one or more tables
· FFS: including the slots used in case of multi-slot/multi-mini-slot scheduling or slot index for cross-slot scheduling
· FFS: May need to revisit if SFI support non-contiguous allocations

· At least for RMSI scheduling

· At least one table entry needs to be fixed in the spec


According to the agreement, a UE-specific table giving the OFDM symbols used for the PDSCH (or PUSCH) transmission shall be configured.  For each entry of the table, at least the starting OFDM symbol and length in OFDM symbols of the allocation information within the scheduled slot is included.  It is sufficient for same-slot scheduling. But for cross-slot scheduling and multi-slot/mini-slot scheduling, the slot-level information is needed. 

For the case of cross-slot scheduling, the slot index should be indicated. And for multi-slot or multi-mini-slot scheduling, the ending slot/mini-slot should also be indicated. Similar as symbol indication, a UE-specific table giving the slot index and number of slots used for the PDSCH (or PUSCH) transmission can be configured, and a bit field in DCI indicates the index into the table. 

Proposal 3: UE-specific table giving the slot-level information, including slot index and the number of slot for PDSCH/PUSCH transmission, should be configured. The DCI can indicate one entry of this table. 

Regarding whether having one or multiple table, it is beneficial to separately configure the table for DL and UL scheduling, and also for different TTI length (slot and non-slot based scheduling). Because the proper scheduling timing can be different for DL and UL, e.g., there is processing latency for UL while not the case for DL. When a UE is configured both slot and non-slot based scheduling, separate table is also desirable considering the non-slot scheduling may target service with much lower latency than slot scheduling. 

Proposal 4: Separate table for UL/DL should be supported. And separate table for slot and non-slot based scheduling should be supported. 

There are some scenarios UE does not certainly know the scheduling timing (slot and symbol) expected by gNB, e.g., before RRC connection establishment or RRC configuration/reconfiguration period. 
For DL scheduling, at least for RMSI, one default value should be specified. The default slot timing can be fixed as K0=0. Default starting symbol can be fixed as first symbol after CORESET, and ends at slot boundary. For other broadcasted SIBs or Msg 2/Msg 4, the same default value can be used. 
 For UL scheduling, the scheduling timing of Msg 3 before RRC connection should be determined. In LTE, the timing relation is fixed as first available UL sub-frame at least in 6 sub-frames after the detection of RAR. In addition, there is one-bit parameter named UL delay in UL grant to balance the resource. In NR, due to the introduction of beamforming, the transmission timing for Msg 3 should be flexible, as gNB will have the specific preferred/selected UL Rx beam for each UE in different UL slots. One solution is that, the reference timing is fixed, and UE-group slot-level offset is indicated, e.g., by MAC header of Msg 2, and another UL delay to indicate the UE specific offset regarding the symbol level offset can be indicated in RAR. For example, gNG configures the reference timing to be 6 slots, and then UE-group offset indicates 2 slots offset for these UEs in one group (e.g., detected the same RA-RNTI), and the UE-specific offset indicates 3 symbols offset within that slot, in the end, UE will know to transmit from the 3rd symbol in the 8th slot after the detection of RAR. 

After RRC connection establishment, a UE-specific slot-level and symbol level timing table can be configured. To avoid gNB-UE misunderstanding of UE-specific scheduling timing during the RRC configuration/reconfiguration period, gNB can rely on fallback DCI, which uses the default value. It is noted the default value for UL should take the most conservative UE processing time into account.

Proposal 5: When the configured scheduling timings (slot and symbol) are unknown to UE,   
· For PDSCH of broadcasted SIBs and Msg 2/Msg 4, the default value of DL/UL scheduling timing applies. 

· For PUSCH of Msg 3, the scheduling timing can be derived by the combination of the default reference timing and UE-specific offset by UL delay field in RAR.

· For PDSCH/PUSCH scheduled by fallback DCI, the default value of DL/UL scheduling timing applies.
· The default value for DL is K0=0, lstart,i = first symbol after CORESET, nduration,i  = (number of symbols per slot – number of symbols for CRESET). The default value for UL is K2=4, lstart,i = first symbol in UL region, nduration,i  = number of symbols for UL region. 
4. TBS Aspects

In RAN1#90bis, the following agreement was made for TBS determination.
	Agreements:

· Calculate an “intermediate” number of information bits NRE*v*Qm*R  where 

· v is the number of layers, 

· Qm is the modulation order, obtained from the MCS index

· R is the code rate, obtained from the MCS index

· NRE is number of resource elements

· NRE = Y* #PRBs_scheduled

· When determining NRE (number of REs) within a slot
· Determine  X =  12* #OFDM_symbols_scheduled – Xd – Xoh 

· Xd = #REs_for_DMRS_per_PRB in the scheduled duration

· Xoh = accounts for overhead from CSI-RS, CORESET, etc. One value for UL, one for DL.

· Xoh is semi-statically determined

· Quantize X into one of a predefined set of values, resulting in Y

· [8] values

· Should allow for reasonable accuracy for all transmission durations

· May depend on the number of scheduled symbols

· FFS: floor, ceiling or some other quantization

· Note: quantization may not be needed

· FFS: Quantization step should ensure the same TB size can be obtained between transmission and retransmission, irrespective of the number of layers used for the retransmission. otherwise Xd has to be independent of the number of layers

· Obtain the actual TB size from the intermediate number of information bits according to the channel coding decisions


After the above agreement was made, the remaining issues are 
1) whether/how to quantize X, and 

2) how to define Xoh.
To begin with, X is a function of #OFDM_symbols_scheduled, Xd, and Xoh. To see which values are possible for Xd, we need to investigate DMRS structures in NR.

In NR, DMRS can be categorized into two types: type 1 and type 2. For type-1 DMRS, 6 or 12 REs are used for each antenna port in the front-loaded DMRS. For type-2, 4 or 8 REs are used for each antenna port in the front-loaded DMRS. Figure 2 and Figure 3 show DMRS structures for type 1 and type 2. Whether type-1 or type-2 DMRS is used and what the maximum number of OFDM symbols for the front-loaded DMRS is between 1 or 2 are RRC configured. Also, a UE is RRC-configured with the number of additional DMRS symbols up on the front-loaded DMRS. The UE can be dynamically indicated for the number of actual OFDM symbol(s) used by the front-loaded DMRS, and also indicated for the number of layers. In summary, Table 3 shows the possible values of REs that can be occupied for DMRS in a PRB. 
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Figure 2: Type 1 DMRS structure with example and port mapping
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Figure 3: Type 2 DMRS structure with example and port mapping

Table 3: Possible values of REs for DMRS
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Quantization procedure was discussed to ensure the possibility of the same TBS indication between initial transmission and retransmission. Although finalization procedure for actual TBS may ensure the same TBS indication, let’s see whether the quantization procedure can make the intermediate numbers of information bits between initial transmission and retransmission as much similar as possible. As seen in the above agreement, the intermediate number of information bits is determined by the following parameters.
1) Number of layers
2) Modulation order
3) Target code rate
4) Number of scheduled PRBs 
5) Number of scheduled OFDM symbols
6) Xd
7) Xoh
Among the above seven parameters, Xoh is not necessary to consider to ensure the same TBS indication because it is semi-statically configured. To consider the above parameters 1) to 4), the values by v*Qm*R*#PRBs_scheduled can be seen in Table 4 below. When trying to calculate with quantization granularity of 6, 12, 24, 36, it can be seen that the quantization does not help to ensure the same TBS between initial transmission and retransmission. 

  When we assume the same above parameters from 1) to 4) between initial transmission and retransmission, it results in the same value of Xd. Then, only possible different parameter is the number of scheduled OFDM symbols. In this regards, the quantization with granularity equal to or less than 12 is meaningless. It is because the difference as one OFDM symbol scheduled is exactly 12 REs in calculation of X, which is already quantized with granularity of 12. Also, if the quantization with granularity larger than 12, it is the effectively same that the gNB chooses the different number of scheduled OFDM symbols without quantization procedure. Therefore, the quantization of X above is not necessary.
Table 4: Example of v*Qm*R*#PRBs_scheduled
	
	
	Number of PRBs

	Qm
	Code rate
	8
	16
	24
	32
	40
	48
	56
	64
	72
	80
	88
	96

	2
	0.117188
	2
	4
	6
	8
	9
	11
	13
	15
	17
	19
	21
	23

	2
	0.15332
	2
	5
	7
	10
	12
	15
	17
	20
	22
	25
	27
	29

	2
	0.188477
	3
	6
	9
	12
	15
	18
	21
	24
	27
	30
	33
	36

	2
	0.245117
	4
	8
	12
	16
	20
	24
	27
	31
	35
	39
	43
	47

	2
	0.300781
	5
	10
	14
	19
	24
	29
	34
	39
	43
	48
	53
	58

	2
	0.370117
	6
	12
	18
	24
	30
	36
	41
	47
	53
	59
	65
	71

	2
	0.438477
	7
	14
	21
	28
	35
	42
	49
	56
	63
	70
	77
	84

	2
	0.513672
	8
	16
	25
	33
	41
	49
	58
	66
	74
	82
	90
	99

	2
	0.587891
	9
	19
	28
	38
	47
	56
	66
	75
	85
	94
	103
	113

	2
	0.663086
	11
	21
	32
	42
	53
	64
	74
	85
	95
	106
	117
	127

	4
	0.332031
	11
	21
	32
	43
	53
	64
	74
	85
	96
	106
	117
	128

	4
	0.369141
	12
	24
	35
	47
	59
	71
	83
	95
	106
	118
	130
	142

	4
	0.423828
	14
	27
	41
	54
	68
	81
	95
	109
	122
	136
	149
	163

	4
	0.478516
	15
	31
	46
	61
	77
	92
	107
	123
	138
	153
	168
	184

	4
	0.540039
	17
	35
	52
	69
	86
	104
	121
	138
	156
	173
	190
	207

	4
	0.601563
	19
	39
	58
	77
	96
	116
	135
	154
	173
	193
	212
	231

	4
	0.642578
	21
	41
	62
	82
	103
	123
	144
	165
	185
	206
	226
	247

	6
	0.427734
	21
	41
	62
	82
	103
	123
	144
	164
	185
	205
	226
	246

	6
	0.455078
	22
	44
	66
	87
	109
	131
	153
	175
	197
	218
	240
	262

	6
	0.504883
	24
	48
	73
	97
	121
	145
	170
	194
	218
	242
	267
	291

	6
	0.553711
	27
	53
	80
	106
	133
	159
	186
	213
	239
	266
	292
	319

	6
	0.601563
	29
	58
	87
	116
	144
	173
	202
	231
	260
	289
	318
	347

	6
	0.650391
	31
	62
	94
	125
	156
	187
	219
	250
	281
	312
	343
	375

	6
	0.702148
	34
	67
	101
	135
	169
	202
	236
	270
	303
	337
	371
	404

	6
	0.753906
	36
	72
	109
	145
	181
	217
	253
	290
	326
	362
	398
	434

	6
	0.802734
	39
	77
	116
	154
	193
	231
	270
	308
	347
	385
	424
	462

	6
	0.852539
	41
	82
	123
	164
	205
	246
	286
	327
	368
	409
	450
	491

	6
	0.888672
	43
	85
	128
	171
	213
	256
	299
	341
	384
	427
	469
	512


Observation 1: The quantization with granularity less than 12 does not help to ensure the same TBS.

Observation 2: The quantization with granularity larger than 12 is effectively the same as adjustment of the number of scheduled OFDM symbols by the gNB. 
Observation 3: The quantization of X above is not necessary.
Proposal 6: Quantization of X into one of a predefined set of values resulting in Y is not introduced.
Instead, if we define Xd as a function of maximum number of symbols for the front-loaded DMRS or as RRC-configured parameter, it is much effective to ensure the same TBS between initial and retransmission.

Proposal 7: Xd is defined as 0 or Xd is determined by the maximum number of symbols for the front-loaded DMRS, i.e., Xd = 12 if the maximum number of symbols for the front-loaded DMRS is 1 and Xd = 24 if the maximum number of symbols for the front-loaded DMRS is 2.

Multi-slot scheduling case

When a UE is scheduled with multiple slot for transmission of a TB, RAN1 needs to determine how to decide TBS. Simply, the first slot to be used for the transmission is the reference slot for determination of TBS. 
Proposal 8: For multi-slot case, the first slot to be used for the transmission is the reference slot for determination of TBS
5. Conclusions
This contribution discussed the remaining details of DL/UL resource allocation aspects and made the following observations and proposals:
Proposal 1: Support the following table for RBG configuration:

	
	Config 1
	Config 2

	<= 26 RBs
	2
	2

	27 – 40 RBs
	4
	2

	41 – 60 RBs
	4
	4

	61 – 96 RBs
	8
	4

	97 – 128 RBs
	8
	8

	129 – 224 RBs
	16
	8

	225 – 275 RBs
	16
	16


Proposal 2: For distributed VRB-to-PRB mapping, BWP-specific interleving should be supported where block-interleaver is generated and confined in the configured BWP. To provide flexibility to a gNB scheduler, parameters for block-interleaver such as the number of columns and rows can be configured semi-statically.
Proposal 3: UE-specific table giving the slot-level information, including slot index and the number of slot for PDSCH/PUSCH transmission, should be configured. The DCI can indicate one entry of this table. 
Proposal 4: Separate table for UL/DL should be supported. And separate table for slot and non-slot based scheduling should be supported. 
Proposal 5: When the configured scheduling timings (slot and symbol) are unknown to UE,   
· For PDSCH of broadcasted SIBs and Msg 2/Msg 4, the default value of DL/UL scheduling timing applies. 

· For PUSCH of Msg 3, the scheduling timing can be derived by the combination of the default reference timing and UE-specific offset by UL delay field in RAR.

· For PDSCH/PUSCH scheduled by fallback DCI, the default value of DL/UL scheduling timing applies.
· The default value for DL is K0=0, lstart,i = first symbol after CORESET, nduration,i  = (number of symbols per slot – number of symbols for CRESET). The default value for UL is K2=4, lstart,i = first symbol in UL region, nduration,i  = number of symbols for UL region. 
Proposal 6: Quantization of X into one of a predefined set of values resulting in Y is not introduced.
Proposal 7: Xd is defined as 0 or Xd is determined by the maximum number of symbols for the front-loaded DMRS, i.e., Xd = 12 if the maximum number of symbols for the front-loaded DMRS is 1 and Xd = 24 if the maximum number of symbols for the front-loaded DMRS is 2.

Proposal 8: For multi-slot case, the first slot to be used for the transmission is the reference slot for determination of TBS

Observation 1: The quantization with granularity less than 12 does not help to ensure the same TBS.

Observation 2: The quantization with granularity larger than 12 is effectively the same as adjustment of the number of scheduled OFDM symbols by the gNB. 
Observation 3: The quantization of X above is not necessary.
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