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Introduction
This is the revision of R1-1720202 with additional analysis and simulation results in section 4.2.
In RAN1#90bis meeting, the following agreements were reached on PDSCH/PUSCH time/frequency resource allocation and TBS determination.
Frequency domain resource allocation
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)
Time domain 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
TBS determination
Agreements:
· For every TB-level (re-)transmission, the UE is able to determine the TB size from the DCI information in that transmission only
Agreements:
· The TBS is determined based on the actual # of available REs compared with a plurality of reference # of REs
· FFS the details, including the # of reference REs and other factors for TBS determination
Agreements:
· Calculate an “intermediate” number of information bits  where 
·  is the number of layers, 
·  is the modulation order, obtained from the MCS index
·  is the code rate, obtained from the MCS index
·  is number of resource elements
· = Y * #PRBs_scheduled
· When determining  (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
This contribution discusses remaining issues on PDSCH and PUSCH resource allocation including frequency domain resource allocation, time domain resource allocation and TBS determination. 
Frequency domain resource allocation
RBG size for resource allocation type 0
The LTE RBG sizes are shown in Table 1 where the supported RBG sizes are 1, 2, 3 and 4 and the system bandwidth is up to 110 PRBs.
[bookmark: _Ref498417548]Table 1: LTE RBG sizes
	System Bandwidth
	RBG Size

	

	(P)

	≤10
	1

	11 – 26
	2

	27 – 63
	3

	64 – 110
	4


NR supports up to 275 PRBs and the supported RBG sizes include 2, 4, 8 and 16.The RBG size for a given BWP should be determined 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 RBG sizes for NR are proposed in Table 2 and the number of required bits vs. number of PRBs is shown in Figure 1.
[bookmark: _Ref498418817]Table 2: Proposed RBG sizes for NR
	
	Config 1
	Config 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



[image: ]
[bookmark: _Ref498418867]Figure 1: Number of required bits vs. number of PRBs

Proposal 1: The table of RBG sizes for NR is proposed as follows.
	
	Config 1
	Config 2

	≤40 RBs
	2
	4

	41 – 80 RBs
	4
	4

	81 – 100 RBs
	4
	8

	101 – 192 RBs
	8
	8

	193 – 224 RBs
	8
	16

	225 – 275 RBs
	16
	16


Reference BWP for frequency domain RA
The number of required bits for frequency resource allocation is related to the BWP for both RBG-based and RIV-based resource allocation schemes. For multiple configured BWPs with different bandwidths, the DCI payload size for scheduling each BWP may be different. Furthermore, it was agreed that 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 BWP of PDSCH/PUSCH can be dynamically indicated by 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 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 among all the configured BWPs. However, it is obvious that this solution introduces additional overhead when the active BWP is not the largest one. An alternative solution is that the bit width of the frequency resource allocation field is determined by the active BWP. If a PDCCH schedules DL data on a smaller BWP, the MSBs can be reserved. Conversely, if a PDCCH schedules DL data on a larger BWP, the RA field is assumed to be the LSBs of the actual RA field for 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.
Proposal 2: 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.
VRB-to-PRB mapping
After RAN1#90bis meeting, frequency hopping, distributed allocation and VRBs were discussed via email discussion. It was proposed to include VRB in the specification and support non-transparent VRB-to-PRB mapping by a block interleaver. The details of the interleaver design remain FFS.
We propose to reuse LTE VRB-to-PRB mapping rule including interleaver and gap [1] as much as possible. In order to address the issue of PRB collision when BWPs for different UEs are partially overlapped, the interleaver and gap may be applied to a smaller frequency range than the entire BWP, e.g. per subband or within a DVRB bandwidth signaled by the gNB.
Proposal 3: LTE VRB-to-PRB mapping rule including interleaver and gap is applied per subband or within a DVRB bandwidth signaled by the gNB.
Time domain resource allocation
It has been agreed that for both slot and mini-slot scheduling, the scheduling DCI can provide an index into a UE-specific table giving the OFDM symbols used for the PDSCH (or PUSCH) transmission. 
It is proposed that the starting symbol within a slot is with respect to the starting symbol of the scheduling PDCCH to have a unified solution for both slot-based and non-slot-based scheduling. It is proposed to jointly indicate the scheduled slot(s) in conjunction with the scheduled symbols by indicating an index into the UE-specific table in scheduling DCI. The indicated slot(s) is with respect to the slot containing PDCCH. In addition, it is considered that one UE-specific table with maximum 4 entries is sufficient for both slot-based and non-slot-based scheduling, i.e. 2-bit in DCI for time domain resource allocation.
Taking PDSCH as an example, the gNB can configure the UE-specific table for time domain resource allocation according to the UL-DL assignment and UE’s service(s). An example of slot-based scheduling only is shown in Table 3and the time domain resource allocation is illustrated in Figure 2.
[bookmark: _Ref498431804]Table 3: Example of UE-specific table for time domain RA
	Index
	Starting symbol
	Number of symbols
	slot

	0
	0
	14
	0

	1
	2
	12
	0

	2
	0
	14
	1

	3
	0
	14
	2





[bookmark: _Ref498431780]Figure 2: Time domain resource allocation illustration

Another example of slot-based scheduling and non-slot-based scheduling configured to the UE at the same time is shown in Table 4 and the time domain resource allocation is illustrated in Figure 3.
[bookmark: _Ref498431858]Table 4: Example of UE-specific table for time domain RA
	Index
	Starting symbol
	Number of symbols
	slot

	0
	0
	14
	0

	1
	0
	14
	1

	2
	0
	7
	0

	3
	2
	5
	0





[bookmark: _Ref498431880]Figure 3: Time domain resource allocation illustration
Proposal 4: For both slot-based and non-slot based scheduling, starting symbol of PDSCH/PUSCH within a slot indicated in DCI is with respect to the starting symbol of scheduling PDCCH.
Proposal 5: A single UE-specific table with a maximum of 4 entries is configured to the UE. Each entry of the table indicates a starting symbol, number of symbols and applicable slot(s), where the signaled starting slot index is with respect to the slot containing PDCCH. How to signal the combinations such as shown in Table 4 can be left to RAN2.
TBS determination
We discuss remaining issues on TBS determination including determination of X and quantization method in this section.
Determination of X
It was agreed that X = 12* #OFDM_symbols_scheduled – Xd – Xoh for  determination where how to determine #OFDM_symbols_scheduled and Xd is unclear. Furthermore, it was also agreed that the scheduling DCI can provide an index into a UE-specific table giving the OFDM symbols used for the PDSCH (or PUSCH) transmission. Although it is possible that some of the indicated OFDM symbols  cannot be used for PDSCH/PUSCH mapping due to rate matching, it is proposed that #OFDM_symbols_scheduled for X determination is the number of OFDM symbols within a slot indicated in DCI regardless of actual rate matching or puncturing. 
Proposal 6: For TBS determination, #OFDM_symbols_scheduled is the number of OFDM symbols within a slot indicated in DCI regardless of actual rate matching or puncturing.
For  determination, Xd accounts for DMRS overhead per PRB in the scheduled duration. According to the agreements in RAN1#90bis, the scheduling DCI informs UE the scheduled DMRS ports and DMRS CDM groups for rate matching for DL and UL with CP-OFDM, i.e. UE can dynamically determine the actual number of REs for DMRS according to DCI. However, if Xd is the actual number of REs for DMRS, it is possible that gNB cannot explicitly indicate a same TB size for a retransmission as that for initial transmission due to change of Xd (this was also discussed in [2]). Therefore, it is proposed that Xd=D*(N+1) where D=12 for 1-symbol frontloaded DMRS and D=24 for 2-symbol front-loaded DMRS regardless of the actual number of DMRS port(s). N is the number of additional DMRS contained in the PDSCH/PUSCH duration within a slot, and itcan be the maximum number of additional DMRS configured by RRC or the actual number of additional DMRS which may be less than the maximum number of additional DMRS depending on PDSCH/PUSCH duration. Given that if gNB changes PDSCH/PUSCH duration for a retransmission compared with previous transmission of the same TB, gNB has to adjust the number of PRBs and/or MCS anyway to explicitly indicate the TBS since not only Xd, but also the number of symbols changes for determination of X. Hence it is not a problem to assume N is the actual number of additional DMRS.
Proposal 7: For TBS determination, Xd=D*(N+1) where D=12 for 1-symbol front load DM-RS and D=24 for 2-symbol front load DM-RS and N is the actual number of additional DM-RS contained in the PDSCH/PUSCH duration within a slot.
[bookmark: _GoBack]Quantization
There is an FFS on whether quantization of X is needed. Given that quantization is anyway needed to derive the actual TB size from intermediate number of information bits, it is not clear why quantization of X is needed. We propose that quantization of X is not needed.
Proposal 8: Quantization of X is not needed.
In [3], a TBS quantization method is proposed. The idea is to quantize the TBS such that the CB size including CB-CRC (if any) is one of the values in a predefined set where the values in the set are the information block sizes assumed in LDPC evaluation campaigns. One of the advantages of this quantization method is that all the code block sizes have been fully evaluated so that the channel coding performance can be guaranteed.
Let TBSinter be the “intermediate” number of information bits, the quantization steps should take channel coding agreements into account as illustrated in Figure 4. Different BGs lead to different maximum code block sizes.



Figure 4: Illustration of BG1/BG2 and number of CBs
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The set of K is as listed below.
	
	40<=K<=512
	528<=K<=1024
	1056<=K<=2048
	2112<=K<=6144
	6272<=K<=8448

	Step size
	8
	16
	32
	64
	128



We compare the above quantization method (denoted as ‘non-linear byte-aligned CBS’) with the other two methods in terms of scheduling flexibility, accuracy and overhead as follows. LTE MCS table as shown in Annex is assumed. For LTE TBS, Table 7.1.7.2.1-1 in 36.213 is assumed. For NR, the range of number of PRBs is 1 to 275.
The other two quantization methods are:
1)  (denoted as ‘step size of 8*C’ in the following)
2)  (denoted as ‘step size of lcm(8,C)’ in the following)
· Scheduling flexibility
In order to evaluate the scheduling flexibility, two metrics are considered [4][5] including:
1) Number of combination of MCS and #PRBs vs. TB size
2) Percentage of TB size with single combination of MCS and #PRBs
The results are shown in Figure 5 to Figure 8 with assumptions of Y=120 and Y=60 respectively.
[image: ]
Figure 5: Number of PRB/MCS combinations vs. TBS (Y=120)
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Figure 6: Percentage of TB size with single combination of MCS and #PRBs (Y=120)
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Figure 7: Number of PRB/MCS combinations vs. TBS (Y=60)
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Figure 8: Percentage of TB size with single combination of MCS and #PRBs (Y=60)
· Quantization accuracy
In order to evaluate the quantization accuracy, we show the CDF of coding rate difference between effective coding rate and target coding rate where effective coding rate equals  and R is the target coding rate derived from MCS table.
The results are shown in Figure 9 and Figure 10 assuming Y=120 and Y=60 respectively.
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· Overhead
In order to evaluate the overhead, we show the overhead ratio of different quantization methods below where quantization ratio equals  [6][7].
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Observation: Quantization method with non-linear byte-aligned CBS achieves much better scheduling flexibility than quantization step size of 8*C and lcm(8,C) with good quantization accuracy and low padding ratio.
Based on the above analysis, it is proposed to adopt the quantization method with non-linear byte-aligned CBS.
Conclusion
This contribution discussed remaining issues of frequency domain resource allocation, time domain resource allocation and TBS determination with the following proposals.
Proposal 1: The table of RBG sizes for NR is proposed as follows.
	
	Config 1
	Config 2

	≤40 RBs
	2
	4

	41 – 80 RBs
	4
	4

	81 – 100 RBs
	4
	8

	101 – 192 RBs
	8
	8

	193 – 224 RBs
	8
	16

	225 – 275 RBs
	16
	16


Proposal 2: 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 3: LTE VRB-to-PRB mapping rule including interleaver and gap is applied per subband or within a DVRB bandwidth signaled by the gNB.
Proposal 4: For both slot-based and non-slot based scheduling, starting symbol of PDSCH/PUSCH within a slot indicated in DCI is with respect to the starting symbol of scheduling PDCCH.
Proposal 5: A single UE-specific table with a maximum of 4 entries is configured to the UE. Each entry of the table indicates a starting symbol, number of symbols and applicable slot(s), where the signaled starting slot index is with respect to the slot containing PDCCH. How to signal the combinations such as shown in Table 4 can be left to RAN2.
Proposal 6: For TBS determination, #OFDM_symbols_scheduled is the number of OFDM symbols within a slot indicated in DCI regardless of actual rate matching or puncturing.
Proposal 7: For TBS determination, Xd=D*(N+1) where D=12 for 1-symbol front load DM-RS and D=24 for 2-symbol front load DM-RS and N is the actual number of additional DM-RS contained in the PDSCH/PUSCH duration within a slot.
Proposal 8: Quantization of X is not needed.
Proposal 9: Denote “intermediate” number of information bits as TBSinter, it is quantized as:
Define 
If , C = 1
		, where 
Else
.
,
where = minimum K such that  and 


The set of K is as listed below.
	
	40<=K<=512
	528<=K<=1024
	1056<=K<=2048
	2112<=K<=6144
	6272<=K<=8448

	Step size
	8
	16
	32
	64
	128
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Annex

Table 5: MCS Table
	MCS Index
	modulation
	coding rate x 1024

	0
	2
	120

	1
	2
	157

	2
	2
	193

	3
	2
	251

	4
	2
	308

	5
	2
	379

	6
	2
	449

	7
	2
	526

	8
	2
	602

	9
	2
	679

	10
	4
	340

	11
	4
	378

	12
	4
	434

	13
	4
	490

	14
	4
	553

	15
	4
	616

	16
	4
	658

	17
	6
	438

	18
	6
	466

	19
	6
	517

	20
	6
	567

	21
	6
	616

	22
	6
	666

	23
	6
	719

	24
	6
	772

	25
	6
	822

	26
	6
	873

	27
	6
	910

	28
	6
	948
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