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Introduction
In this contribution which first part is based on R1-1712458, we discuss the resource allocation in the frequency domain for NR and then give our views on the transport block size determination by formula. 
It is agreed in RAN1#NR Ad-Hoc#2 meeting [1] that:
	Agreements:
· In frequency-domain, for PUSCH with DFT-s-OFDM waveform in NR, contiguous resource allocation scheme based on LTE UL RA Type 0 is adopted in Rel. 15.
· FFS:
· A coarser granularity (i.e. more than 1RB) of resource assignment in order to reduce the overhead further  
· BW parts
· In frequency-domain, for PDSCH in NR, a resource allocation scheme based on LTE DL RA Type 2 is supported in Rel. 15.
· FFS:
· A coarser granularity (i.e. more than 1RB) of resource assignment in order to reduce the overhead further  
· BW parts
· In frequency-domain, for PUSCH with CP-OFDM waveform in NR, contiguous resource allocation scheme based on LTE UL RA Type 0 is supported in Rel. 15
· FFS:
· A coarser granularity (i.e. more than 1RB) of resource assignment in order to reduce the overhead further  
· BW parts
· A DCI format with resource allocation based on LTE DL RA type 0 (i.e., bit-map) is supported for PDSCH.
· A DCI format with resource allocation based on LTE DL RA type 0 (i.e., bit-map) is supported for PUSCH with CP-OFDM waveform.
· A DCI format with resource allocation based on LTE DL RA type 2 is supported for PDSCH.
· A DCI format with resource allocation based on LTE UL RA type 0 is supported for PUSCH with CP-OFDM waveform and with DFT-s-OFDM waveform.
· FFS: some or all of the above DCI formats have the same DCI payload size.

· For PDSCH/PUSCH, the RBG size/number can be changed along with the change of the BWP used for resource allocation.
· FFS: If one or multiple of following option(s) is/are also used for RBG size/number determination:
· Opt. 1: Semi-statically configured size of Type0 RA bitmap. 
· Number and size of RBGs for a RA is determined based on size of BWP and the size of the bitmap.
· Opt. 2: Semi-statically configured RBG size(s) per BWP for deriving number of RBGs.
· Number of RBGs in the BWP is determined by size of the BWP and the configured/indicated RBG size(s). 
· FFS: Dynamic switching of RBG size(s). 
· Opt. 3: DCI format/DCI format size (e.g. a compact DCI may be with a larger RBG size than a normal DCI).
· Opt. 4: Transmission durations (e.g. a shorter-duration transmission may be with a larger RBG size than a longer one).
· Opt. 5: RBG size is determined depending on the size of the BWP.
· Other options are not precluded.
In this contribution, which is based on R1-1712458, aspects of resource allocation are further discussed. 



Furthermore, in RAN1#90 meeting, the agreements below were reached.
	Agreements:
· Single maximum TB size is defined for the reference case, and is not exceeded.
· Reference case is a slot with 14 symbols.

Agreements:
· RAN1 strives for finding TBS determination by using a formula
· The formula has following as parameters:
· The number of layers the codeword is mapped onto
· Time/frequency resource the PDSCH/PUSCH is scheduled
· Opt.1: The total number of REs available for the PDSCH/PUSCH
· Opt.2: Reference number of REs per slot/mini-slot per PRB and the number of PRB(s) for carrying the PDSCH/PUSCH
· FFS: Details of reference number
· FFS: for the case of more than one slot
· Modulation order
· Coding rate
· RAN1 should also consider at least the following:
· Whether the system can work without ensuring to enable giving the knowledge for decoding the re-transmission without the knowledge of initial transmission
· Ensuring to enable the same TBS between initial transmission and re-transmission with the same/different number of PRBs or the same/different number of symbols in some cases
· Code-block segmentation
· TBS determination for specific packet sizes (e.g., VoIP, etc)
· TBS determination for specific services (e.g., URLLC, etc)
· Possibility of decoupling the coding rate and modulation order for some cases
· Note: Byte alignment is required
· Note: in addition to the formula, table(s) may be needed to determine the TBS value



 
[bookmark: OLE_LINK74]We discuss the resource allocation and transport block size determination for NR in light of these agreements.

Discussions
Resource allocation in frequency-domain
It has been agreed that a contiguous resource allocation scheme based on LTE UL RA Type 0/ LTE DL RA Type 2 is supported in Rel. 15. Whether a coarser granularity (i.e. more than 1RB) of resource assignment is introduced is still an open issue. In NR, different transmission durations are supported. For transmissions with shorter duration, a large frequency resource is generally needed. Therefore, the frequency resource allocation granularity or RBG size should be increased correspondingly. The RBG size can be semi-statically configured.
When transmissions with different durations are overlapping in the time domain, the grant for the shorter transmission is generally sent later than that for the longer transmission. Therefore, it may lead to inefficient resource multiplexing if two kinds of transmissions adopt different resource allocation granularities. For example, as shown in Figure 1, the legacy localized resource allocation is used by slot based eMBB, and 16 PRBs are left unused. Then, a mini-slot based URLLC transmission comes in. The granularity of both allocated starting position and allocated resource for URLLC is 8 PRBs. That is, the possible starting positions are integral multiple times of 8 PRBs, and the allocated resource is also integral multiple times of 8 PRBs. Although there are 16 remaining PRBs, URLLC can only occupy 8 PRBs exclusively, as shown in Figure 1(a). If URLLC need 16 PRBs for transmission, there will be 4 overlapped PRBs between eMBB and URLLC, as shown in Figure 1(b). It may lead to unnecessary performance degradation. To address this problem, it can be considered that the granularity of the starting position is less than that of the allocated resource. For the case in Figure 1, the granularity of the starting position can be 1 PRB. The starting position is PRB#4, and all the unused 16 PRBs can be allocated to shorter duration transmission, as shown in Figure 1(c). The new resource allocation method is an enhancement for the LTE UL RA Type 0/ LTE DL RA Type 2, in which both the granularity of allocated starting position and allocated resource are 1 RB. For the proposed resource allocation method, the granularity of allocated starting position is less than that of the allocated resource.
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Figure 1 - Multiplexing of eMBB and URLLC in frequency domain


In the following, the new resource allocation scheme based on RIV is discussed. Assuming that the starting position is PRB based and the allocated resource is  PRBs, in which. Similar to LTE UL RA Type 0/ LTE DL RA Type 2, the RIV can be defined as a piecewise function, which is given below.

If  then


else 

       


where  is the number of the PRBs of the BWP and is the starting RB.


Taking  and  as an example, RIV can be calculated by

If  then


else 

       
 


Assuming that the starting position is PRB based and the allocated resource is  PRBs, It can be seen that the proposed method provides a unified localized resource allocation for . The overhead of the resource allocation scheme is calculated by:


Table 1 shows the comparison of overhead between LTE UL RA Type 0/ LTE DL RA Type 2 and the proposed resource allocation. It can be seen that the proposed method can save 2~4 bit. 
Table 1 - Comparison of resource allocation overhead 
	

	LTE UL RA Type 0/ LTE DL RA Type 2
	Proposed method

	
	Overhead
	RBG size
	Overhead

	15
	7
	4
	5

	25
	9
	4
	7

	50
	11
	8
	8

	100
	13
	16
	9



Proposal 1: In order to achieve flexible multiplexing between different transmission durations, an enhancement should be considered for the contiguous resource allocation of LTE UL RA Type 0/ LTE DL RA Type 2.
· Even the granularity of the allocated resource is defined in RBG size (more than 1 PRB), the granularity of the allocated starting position is less than that RBG size.
Issues for TBS determination by formula
In LTE, TBSs are designed assuming a fixed amount of available REs per PRB. The transport block size is inferred from the MCS index and the resource allocation indicated in the DCI. This is done via lookup tables specified in TS 36.213.These tables are applied to both downlink and uplink. 
In NR, the number of symbols per slot and the number of slots for data transmission may change dynamically, and furthermore, the NR RS (e.g. DMRS) overhead is configurable. To address flexible available REs per PRB, an approach is proposed in [1] where the TBS is expressed by a formula as a function of the number of REs per slot per PRB for data transmission, modulation order, code rate and the number of layers (rather than using the look-up table approach used in LTE). Some issues may arise by applying this approach. 
As is depicted in Figure 1, for the same MCS (QPSK, effective code rate = 0.1667), without CRC overhead, a significant performance gain can be observed for K=2000 compared with K=80.

Observation 1: For LDPC coding, different code block sizes lead to different coding gain. TBS determination by formula fails to consider the influence of code block sizes on coding gain.

[image: ]
[bookmark: _Ref492812761]Figure 2 - Performance comparison for different info length with the same MCS
In the search procedure of TBS, the target code rate is assumed to be defined as the TBS/ number of physical channel bits. In other words, the CRC bits (TB CRC and code-block CRC) are not considered as part of the TBS. For example, considering QPSK, target code rate = 0.15285, 1RB (with 132 REs), it has a TBS= 48 by using the formula. Therefore, its actual LDPC code rate with 16-bit CRC is higher as (48+16)/(132*2)= 0.2424. As it can be observed in Table 2 below, the rate difference between target code rate and the actual LDPC code rate becomes small as the TBS increases. This issue can be effectively resolved by a lookup table where TBS values can be adjusted for CRC to achieve the intended code rate and rounded off to the closest valid TBS value.

[bookmark: _Ref492892478]Table 2 - The rate difference between target CR and the actual LDPC code rate for different block sizes
	TBS
	CRC overhead
	target CR
	actual CR

	48
	16
	0.15285
	0.2424

	1016
	16
	0.15285
	0.1564

	3800
	16
	0.15285
	0.1538



Observation 2: CRC overhead has different impact on code rate for different information length, especially for small TBS. TBS determination by formula fails to consider the influence of CRC overhead.

In LTE, the principle of defining the MCS table is to yield equal spacing in SNR, which can be referred to [3] proposed during the procedure of LTE CQI table, MCS table and TBS table design for more detail.
As it is well known, the MCS-SNR at BLER=10% for a given RB allocation should be an almost straight line with equal SNR step size for an optimal TBS determination approach. As it can be seen in Figure 2, based on the aforementioned reasons, the MCS-SNR graph for the formula based TBS fails to keep a straight line. Meanwhile, the slope clearly changes for different RB allocation, that is to say, SNR curves of different PRBs are not parallel to each other. This issue can be avoided by a lookup table. 
Observation 3: For TBS determination by formula only, SNR curve of one PRB is not a linear line. And, SNR curves of different PRBs are not parallel to each other. 

 
[bookmark: _Ref492919589]Figure 3 - Performance for the MCSs of different RB allocations via LDPC decoding

[bookmark: OLE_LINK85][bookmark: OLE_LINK86]Moreover, the TBS design for NR should take the specific packet sizes (e.g., VoIP, etc) and specific services (e.g., URLLC, etc) into account. It is better to determine the TBS value based on a look-up table which can flexibly support such requirement. For instance, as is shown in Table 3, TBS with highlighting marked in red for (ITBS=6, NPRB=1) is designed for specific packet sizes.

Observation 4: specific packet sizes should be supported for special scenarios such as VoIP, URLLC etc, however TBS determination by formula only fails to consider specific TBS requirement for these special scenarios.

In the LTE TBS table, as is shown in Table 2 below, multiple MCS levels (IMCS, or ITBS) and The number of physical resource blocks(NPRB) pairs can map to the same TBS entry. The gNB can choose to retransmit with different MCS index/NPRB pairs when the TBS are the same across these pairs, to gain some flexibility in the resource usage for the retransmissions. For Carrier Aggregation (CA) and the scenario of the number of downlink slots larger than the number of uplink slots, there always is ambiguity between NACK and DTX, which means that gNBs fail to judge initial transmission and retransmission, therefore the TBS table with the above feature should be reused for both initial transmission and retransmission. 
Proposal 2: Multiple pairs of ITBS/IMCS and NPRB for the same TBS entry should be supported for NR TBS design.

[bookmark: _Ref492913898]Table 3 sample of Transport block size table (Table 7.1.7.2.1-1, TS 36.213)
	

	


	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	0
	16
	32
	56
	88
	120
	152
	176
	208
	224
	256

	1
	24
	56
	88
	144
	176
	208
	224
	256
	328
	344

	2
	32
	72
	144
	176
	208
	256
	296
	328
	376
	424

	3
	40
	104
	176
	208
	256
	328
	392
	440
	504
	568

	4
	56
	120
	208
	256
	328
	408
	488
	552
	632
	696

	5
	72
	144
	224
	328
	424
	504
	600
	680
	776
	872

	6
	328
	176
	256
	392
	504
	600
	712
	808
	936
	1032

	7
	104
	224
	328
	472
	584
	712
	840
	968
	1096
	1224

	8
	120
	256
	392
	536
	680
	808
	968
	1096
	1256
	1384

	9
	136
	296
	456
	616
	776
	936
	1096
	1256
	1416
	1544

	10
	144
	328
	504
	680
	872
	1032
	1224
	1384
	1544
	1736

	11
	176
	376
	584
	776
	1000
	1192
	1384
	1608
	1800
	2024

	12
	208
	440
	680
	904
	1128
	1352
	1608
	1800
	2024
	2280

	13
	224
	488
	744
	1000
	1256
	1544
	1800
	2024
	2280
	2536

	14
	256
	552
	840
	1128
	1416
	1736
	1992
	2280
	2600
	2856

	15
	280
	600
	904
	1224
	1544
	1800
	2152
	2472
	2728
	3112

	16
	328
	632
	968
	1288
	1608
	1928
	2280
	2600
	2984
	3240

	17
	336
	696
	1064
	1416
	1800
	2152
	2536
	2856
	3240
	3624

	18
	376
	776
	1160
	1544
	1992
	2344
	2792
	3112
	3624
	4008

	19
	408
	840
	1288
	1736
	2152
	2600
	2984
	3496
	3880
	4264

	20
	440
	904
	1384
	1864
	2344
	2792
	3240
	3752
	4136
	4584

	21
	488
	1000
	1480
	1992
	2472
	2984
	3496
	4008
	4584
	4968

	22
	520
	1064
	1608
	2152
	2664
	3240
	3752
	4264
	4776
	5352

	23
	552
	1128
	1736
	2280
	2856
	3496
	4008
	4584
	5160
	5736

	24
	584
	1192
	1800
	2408
	2984
	3624
	4264
	4968
	5544
	5992

	25
	616
	1256
	1864
	2536
	3112
	3752
	4392
	5160
	5736
	6200

	26
	712
	1480
	2216
	2984
	3752
	4392
	5160
	5992
	6712
	7480

	26A
	632
	1288
	1928
	2600
	3240
	3880
	4584
	5160
	5992
	6456



It would be impossible for the formula approach to meet this target. Instead a well-designed look up table can effectively satisfy such requirement.

Observation 5: In the scenario that there is ambiguous between NACK and DTX in gNB, such as CA and the scenario of the number of downlink slots larger than the number of uplink slots, it would be impossible for TBS computation based on formula to consider the same TBS value to allow non-ambiguous and flexible initial transmission and retransmission.

TBS determination for NR should be based on multiple lookup tables or combination of lookup table and formula instead of only formula. Following are some key features of the TBS design in this contribution.
· The TBS value should be an integer number of bytes (=8 bits);
· The TBS value should cover the specific packet sizes (e.g., VoIP, etc) and specific services (e.g., URLLC, etc);
· The TBS value should be based on the block sizes verified during the selection of the LDPC PCMs;
· The TBS value should be always guaranteed code block with equal size after code block segmentation;
· The TBS value should be adjusted for CRC to achieve the intended code rate and rounded off to the closest valid TBS value;
· The TBS design should take into accounts the influence of code block sizes on coding gain.

Proposal 3: TBS determination for NR should be based on multiple lookup tables or combination of lookup table and formula instead of formula only.
TBS determination for mini-slot operation
TBS table for legacy slot can be designed as a baseline table, and TBS for mini-slot can be achieved by scaling approach based on the baseline table. Three options described as follows can be taken into accounts for TBS determination for mini-slot operation in NR.
Option 1: The TBS for mini-slot is based on scaling TBS value, i.e., The TBS for mini-slot operation can be calculated by scaling a legacy TBS value for the number of RBs and MCS index according to the number of available resource elements, where number of available resources = allocated resources for PDSCH - overlapping REs from resource sets; 
Option 2: The TBS for mini-slot is based on scaling PRB number, i.e., using a TBS value from a different column of TBS table for a mini-slot transmission, the scaling PRB number can be calculated as follows: 

Option 3: Reused the principle of defining resource unit in NB-IoT.
For uplink transmission in NB-IoT, the principle for resource allocation is based the resource unit (RU), in which the number of available resource elements maintain constant with the number of subcarriers in frequency domain and the number of the OFDM symbols in time domain flexibly configured. This can reduce resource fragmentation rate for scheduling different types of RU (different number of subcarriers in frequency domain). For example, assume that sub-carrier spacing is 15 kHz, several types of RU used for data transmission are defined as follows:
· 12 subcarriers in frequency domain, 1ms in time domain;
· 6 subcarriers in frequency domain, 2ms in time domain;
· 3 subcarriers in frequency domain, 4ms in time domain;
· 1 subcarriers in frequency domain, 8ms in time domain;
The principle can be reused in NR. And different application scenarios can be flexibly supported with a baseline TBS table. Option 2 and Option 3 may be preferred for simplicity.

Proposal 4: TBS determination for mini-slot operation can consider three options: scaling TBS value, scaling PRB number and defining RU as in NB-IoT. Option 2 and Option 3 may be preferred for simplicity.




Conclusion
This contribution further discusses the frequency-domain resource allocation for uplink and the TBS determination by formula. The following observations and proposals are concluded:

Proposal 1: In order to achieve flexible multiplexing between different transmission durations, an enhancement should be considered for the contiguous resource allocation of LTE UL RA Type 0/ LTE DL RA Type 2.
· Even the granularity of the allocated resource is defined in RBG size (more than 1 PRB), the granularity of the allocated starting position is less than that RBG size.
Observation 1: For LDPC coding, different code block sizes lead to different coding gain. TBS determination by formula fails to consider the influence of code block sizes on coding gain.
Observation 2: CRC overhead has different impact on code rate for different information length, especially for small TBS. TBS determination by formula fails to consider the influence of CRC overhead.
Observation 3: For TBS determination by formula only, SNR curve of one PRB is not a linear line. And, SNR curves of different PRBs are not parallel to each other. 
Observation 4: specific packet sizes should be supported for special scenarios such as VoIP, URLLC etc, however TBS determination by formula only fails to consider specific TBS requirement for these special scenarios.
Proposal 2: Multiple pairs of ITBS/IMCS and NPRB for the same TBS entry should be supported for NR TBS design.
Observation 5: In the scenario that there is ambiguous between NACK and DTX in gNB, such as CA and the scenario of the number of downlink slots larger than the number of uplink slots, it would be impossible for TBS computation based on formula to consider the same TBS value to allow non-ambiguous and flexible initial transmission and retransmission.
Proposal 3: TBS determination for NR should be based on multiple lookup tables or combination of lookup table and formula instead of formula only.
Proposal 4: TBS determination for mini-slot operation can consider three options: scaling TBS value, scaling PRB number and defining RU as in NB-IoT. Option 2 and Option 3 may be preferred for simplicity.
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