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Introduction
In this paper, the TBS determination is discussed. The following agreements were made in previous RAN meetings[1]: 
RAN1#90 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
RAN1#90 Agreement:
· LTB-CRC = 16 for TBs smaller than or equal to 3824 bits 
· LCB-CRC = 24 bits
· CRC polynomials: 
· 24 bits: Reuse both A and B from 36.212 for corresponding CB and TB CRCs 
· 16 bits: Reuse from 36.212
RAN1#90 Agreement:
· Equal code block size after segmentation
· Working Assumption: TBS determination procedure ensures that TBS plus TB-CRC can be factored into the number of CBs multiplied by the CBS (before addition of LDPC encoding filler bits).
· (If a special case emerges where the TBS determination procedure cannot achieve the above criterion, equal CBS would be achieved by zero-padding.) 
RAN1#88b Agreement:
· For TB of size TBS > KCB,max – LTB,CRC, the TB is segmented into multiple CBs
· The CBs may be further grouped into code block groups (CBGs)
· It is not precluded that CBGs in a given TB may contain different numbers of CBs 
RAN1#88 Agreement : 
· The largest info block size supported by LDPC encoder Kmax and the largest shift size Zmax defined for a H matrix are selected from the following set of {Kmax, Zmax} pairs:
· {8192, 256}, {8192, 512}, {FFS near 8192, 320}

In this conribution we share our views regarding the TBS determination taking into account the agreements above. In particular we look into the TBS determination taking in consideration the TB segemenation agreements as well as the non-slot-based scheduling (mini-slot) and the URLLC service requirements and characteristics.
[bookmark: _Ref494703765]TBS determination 
In LTE, TBS tables specified in TS 36.213 were carefully defined with a 1 PRB granularity for different cases. Those tables were designed with the assumption of fixed available resources per PRB.   In the DCI content, the MCS bits define a pointer to the TBS index (ITBS). Each TBS index points towards a row within the TBS table. Each column within the TBS table corresponds to the number of allocated Resource Blocks.  
In NR, it will be much complex and cumbersome to define TBS tables for each transmission duration given the wide range of supported transmission durations. Also, given the wide bandwidths supported in NR, the number of possible PRBs will be much larger than in LTE. Moreover, the number of available symbols per slot (14-symbols, 7-symbols, or mini-slot), the number of slots, and the reference signals overhead (1 or 2 symbols DMRS, CSI-RS…) are very dynamic which will lead to a highly dynamic REs density. The resource sharing with PDCCH needs to be accounted for as well. 
Therefore, the look-up tables approach as implemented in LTE is unlikely to be adopted for NR [1].
On the other hand, the use of a formula has as well its drawbacks like the large increase of the possible TB sizes and also the risk for the UE to be unable to reproduce the same TB size in the retransmission with the knowledge of initial transmission TB size. The other challenge is to come up with an accurate formula, which is as well flexible, non-ambiguous and easily used.
Observation 1: A look-up table approach is complex and cumbersome. A TBS formula determination needs to be considered.
In the following we propose to use the formula as described below. Let’s first define the following parameters to be used in the proposed formula:
·  is the scheduled modulation order,
·  defines the coding rate,
·  is the number of REG and is determined from the signalled RA (an REG corresponds to one PRB resource allocation over one symbol),
·  is the density of RE per REG,
·  is the signalled number of layers,
·   is the size of the CRC (TB-CRC + CB-CRCs).
These parameters allow for the calculation of the raw number of available information bits named  and defined as:

The motivation for the use of  and   instead of  or  are the following (see [2] for more details):
· To accommodate for the data resource sharing between NR-PDCCH and NR-PDSCH since the  is already in use in NR-PDCCH,
·  can also account for resources use by other signals/channels like PSS, SSS, …
· The use of    reduces the flexibility of the allocation, 
· The use of    is not a viable solution due to the very dynamic RE data puncturing that does not allow for reproducing the same TBS between the initial transmission and retransmission in the absence of the TBS knowledge from the initial transmission,
·  could be : 
· configured or signalled, 
· Alternatively it could be fixed to x (x≤12) and its change is accounted for in the coding rate R.
Observation 2: The REG as a basic unit approach allows for better flexibility than the PRB approach and less complexity than the RE approach. 
Observation 3: The use of   is less viable solution due to the lack of flexibility while the use of  will lead to a significant gNB complexity if the scheduling decision is made dynamically in addition to an unpredictable TBS in the retransmission when RE data puncturing is enabled.
Proposal 1: Support the use of REG as the basic unit for TBS determination since it is simple and works better for non-slot-based scheduling and PDCCH/PDSCH resource sharing.
Let’s define   as the TBS threshold used to determine the TB CRC size (example equal to ).
 is calculated as follow: 
·   if   ,
·   if  ,
·  if   ,
where  is the maximum CB size.  from RAN1#88 agreement but this was revised in a RAN1#90 working assumption [1] (as 3840 for BG2 and  for BG1).  
The BG selection could be based on the coding rate   , where  is determined from the MCS setting signalled in the corresponding DCI. In the case of slot aggregation, the coding rate used for BG selection could be derived as   , where   is the number of aggregated slots.  
Proposal 2: BG selection is based on the nominal coding rate .  is determined from the MCS which is signalled within the corresponding DCI.
Proposal 3: For slot aggregation, the coding rate used for BG selection is derived as   , where   is the number of aggregated slots and R is the nominal coding rate determined from the MCS.
 If  , then the TB is segmented into multiple CBs with equal sizes and  is attached to each CB in addition to  attached to the TB.
 accounts for the bits used by the TB-CRC and CB-CRC, it may be possible to omit  in the formula and can be accounted for in the coding rate R at the gNB side. In this paper, we propose to include    in the formula since this will have a significant impact on the accuracy of the formula for small TB sizes.
Proposal 4: Include the CRC length in the formula for accurate TBS calculation in low TBS cases.
The TBS calculation formula should also cover the information block sizes granularity (discussed in the channel coding session). The set of K is predefined in the specifications. For example, the values of K are the information block sizes assumed in channel coding design as listed below -Table 1- (RAN1#88).
	
	
	
	
	

	
	
	
	
	


[bookmark: _Ref494459688]Table 1 : Information block sizes granularity
Proposal 5: Quantized CB sizes should align with CB sizes evaluated in the channel coding session. 

  denotes the number of code blocks. Let’s defineand  as follows: 
· 
· 
 is defined to make sure that the boundary case is treated correctly. Let be the Code Block Size and let’s define  and  as follows: 
·  
· 
·   defines the quantization step size and it could be constant (example set to 8) or adjustable scaling with the CBS for the following reasons:
· To reduce the number of possible TB sizes especially for large TBs by scaling the quantization step size with the TBS or CBS,
· For a retransmission of a TB, this will allow the UE to determine the same TB size even if the number of RE changes slightly due to puncturing. Hence, in addition to use of  to reduce the effect of dynamic data RE puncturing, the use of   for the quantization helps to meet the requirement in the RAN1 agreement below :
· 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
· We assume a minimum value of  is 8, hence a 1 byte granularity for small TB sizes.
· Because all the CBs have to be of equal sizes and that   is applied per CBS. The total quantization error will scale with . The relative error ~ ()/ () ~ / CBS is only dependent of the  and is independent of the .  Therefore, to maintain a reasonable relative quantization error    should scale with . Alternatively using a  that scales with TBS will result in very large relative error for large TBS. 
· Scaling   with the  could be used to align with the CB sizes evaluated in the channel coding session -Table 1-
·   scaling with the  could be achieved as , where  depends on     and a configurable constant  (for example ) ,  where   and ,

Observation 4: An increasing quantization step with the CB size and use of REG as the basic unit helps the UE to determine the same TB size for a retransmission of a TB as for the initial transmission.
Proposal 6: Support TB/CB sizes quantization step scaling with the CB size.
When  then  ,  otherwise  ,  
Introducing   and   allows to take into account the round-floor quantization effect and remove the unwanted boundaries errors. 
Taking in account the total CRC overhead, the final TBS is calculated as: 


Example:  -Figure 1-  below shows the calculated TBS vs. the raw number of available information bits    using the settings below: 
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-Figure 1- shows clearly that the TBS curve is a linear step function without undesirable boundaries discontinuity or quantization effects. 
Using the constant c  in the proposed formula allows to cover the step sizes highlighted in the information block sizes granularity in -Table 1-.
Below is an example of implementation of the TBS determination formula:
	Implementation example of the Algorithm for TBS determination
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TBS determination in URLLC
In NR URLLC, the proposed asymmetric HARQ [3] has proven to show better performance and resource usage. 
Yet, in the asymmetric HARQ, the resource allocation is changing from the 1st data transmission to the retransmission -Figure 2- to ensure the robustness and the reliability of the retransmission.
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[bookmark: _Ref492648071]Figure 2: Resource Allocations change from the 1st Tx to the retransmission
This could mislead the UE in terms of TBS determination. Hence, more specifications effort is needed to support this change in RA.
Two approaches are possible: 
Extension of the Table Approach
This approach consists of extending the legacy LTE TBS tables for NR services requiring small TB sizes like URLLC and VoIP. 
As highlighted in [4], it is advantageous for the system to deal with these specific small packet sizes in a specific way to optimize the overall performance of the system and the specific services as well. The TBS table approach was proposed in [4] for the VoIP service and could be possibly a candidate for the URLLC service. 
For extending the Table approach to URLLC, 2 factors has to be taken in account:
· URLLC is allocation over mini-slot and with resource allocation (RA) in unit of symbols,
· Re-transmission can use a different resource allocation.
The table that is used can be based on a 2-dimensional table with two inputs:
· TBS index: ITBS,
· 
Where:
· ReTxCoding_Factor is a coding factor that allows to normalize retransmission RA to initial transmission in order to keep the TBS constant between transmission
· ReTxCoding_Factor is signalled in the DCI, with values that are either constant or preconfigured. The values that are preconfigured could either be uniform based on step size or non-uniform,
· ReTxCoding_Factor is as well a way of extending the coding rate for URLLC especially to allow for lower coding rates than eMBB,
· Quantization_Step is used to reduce the size of the TBS table and is constant or preconfigured,
Observation 5: If a look-up table approach is adopted for URLLC then a coding factor, that allows to normalize retransmission RA to initial transmission in order to keep the TBS constant between, is required.
Extension of the formula approach
In URLLC, similar to the case of the table approach, in the formula approach ReTxCoding_Factor, is used to account for the resource allocation change between the 1st data transmission and the following retransmissions in the TBS determination.
Based on the formula proposed earlier (section 2), the URLLC TBS could be calculated with an adjustment to the raw number of available information bits   as given below:

Similar to the table approach, ReTxCoding_Factor is signalled in the DCI with values that correspond either to an index in a preconfigured table of constants or parametrized derived based on an equation that takes the DCI signalled value as an input.
Observation 6: If a formula approach is adopted for URLLC then a coding factor, that allows to normalize retransmission RA to initial transmission in order to keep the TBS constant between, is required.
Proposal 7: Include retransmission coding factor in the formula/table to enable asymmetric HARQ for URLLC
Proposal 8: In URLLC, the coding factor is signalled in the DCI, with values that are either preconfigured constant or parametrized.
Conclusion
In this contribution, we have discussed some aspects of TBS determination taking in consideration the TB segemenation agreements as well as the non-slot-based scheduling (mini-slot) and the URLLC service requirements and characteristics. We make the following observation and proposals:
Observation 1: A look-up table approach is complex and cumbersome. A TBS formula determination needs to be considered.
Observation 2: The REG as a basic unit approach allows for better flexibility than the PRB approach and less complexity than the RE approach. 
Observation 3: The use of   is less viable solution due to the lack of flexibility while the use of  will lead to a significant gNB complexity if the scheduling decision is made dynamically in addition to an unpredictable TBS in the retransmission when RE data puncturing is enabled.
Observation 4: An increasing quantization step with the CB size and use of REG as the basic unit helps the UE to determine the same TB size for a retransmission of a TB as for the initial transmission.
Observation 5: If a look-up table approach is adopted for URLLC then a coding factor, that allows to normalize retransmission RA to initial transmission in order to keep the TBS constant between, is required.
Observation 6: If a formula approach is adopted for URLLC then a coding factor, that allows to normalize retransmission RA to initial transmission in order to keep the TBS constant between, is required.
According to the analysis given above, we have the following proposals: 
 Proposal 1: Support the use of REG as the basic unit for TBS determination since it is simple and works better for non-slot-based scheduling and PDCCH/PDSCH resource sharing.
Proposal 2: BG selection is based on the nominal coding rate .  is determined from the MCS which is signalled within the corresponding DCI.
Proposal 3: For slot aggregation, the coding rate used for BG selection is derived as   , where   is the number of aggregated slots and R is the nominal coding rate determined from the MCS.
Proposal 4: Include the CRC length in the formula for accurate TBS calculation in low TBS cases.
Proposal 5: Quantized CB sizes should align with CB sizes evaluated in the channel coding session. 
Proposal 6: Support TB/CB sizes quantization step scaling with the CB size.
Proposal 7: Include retransmission coding factor in the formula/table to enable asymmetric HARQ for URLLC.
Proposal 8: In URLLC, the coding factor is signalled in the DCI, with values that are either preconfigured constant or parametrized.
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