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Introduction
In RAN#72 the new WI on short TTI and reduced processing [1] was agreed with the (selected) objectives of supporting a slot-based TTI for FS2 and a TTI length of 2 symbols, 4 symbols (for sPUSCH/sPUCCH only) and 1 slot for FS1.
In this contribution, we discuss the need for a scaling of the legacy TBS table according to the new short TTI transmissions.
[bookmark: _Ref178064866]Discussion
Legacy TBS table
In current LTE the TBS values for one-layer transmission are specified in Table 7.1.7.2.1-1 in 3GPP TS 36.213. For a given number of physical resource blocks (PRBs) in the allocation, a column of the table is used, and the 27 row values corresponding to different MCS indices can be used for link adaptation.
For a given combination of RBs and MCS the same TBS value is used regardless of number of symbols used for PDCCH or number of reference symbols (CRS/DMRS), and same for DL as for UL.
A certain MCS index corresponds to a modulation and a code rate that should be roughly constant for different allocation sizes.
[bookmark: _Toc481659951][bookmark: _Toc481659993][bookmark: _Toc481667781][bookmark: _Toc481667887][bookmark: _Toc481668013][bookmark: _Toc481668235][bookmark: _Toc481671747][bookmark: _Toc481678162][bookmark: _Toc481755325]In legacy LTE the same TBS value is used regardless of number of symbols used for PDCCH or number of CRS/DMRS.
[bookmark: _Ref481672448]Scaling factors
DL TBS scaling
For a short TTI transmission the same code rate should be aimed at as for the corresponding legacy transmission with the same MCS index. To achieve that we compute a scaling factor α according to the number of data OFDM symbols. The value of α is based on the number of data OFDM symbols in a short TTI transmission, NsTTI, compared to the number of data OFDM symbols in a SF, NTTI.
For short TTIs in DL, the number of data symbols can be [4, 5, 6, 7] for slot-length TTI, and [2, 3] for 2-symbol TTI. 
Aside of the number of data symbols in a TTI, other factors significantly impact the selection of the scaling factor. sTTI has more signalling overhead as compared to legacy transmission. According to the proposed DMRS configuration, the number of data REs for 2OS and 3OS sTTI is shown in Table 1. Table 1 is calculated based on the assumption that 2 ports for CRS, and 2 DMRS pairs per RB. yellow indicates 3 OS sTTI and green indicates 2 OS sTTI. 
Using the same resource allocation, the eNB can fit 10 to 20% more data using CRS-based transmission as compared to DMRS-based. According to table 2, 3OS TTI can fit up to 51% more data as compared to using a fixed scaling factor of (1/7). Therefore, it is suboptimal to consider one alfa factor to cover all possibilities. 

Table 1: Data RE per 1 RB and TTI duration
	PDCCH 
[# of OS]
	TTI #0
	TTI #1
	TTI #2
	TTI #3
	TTI #4
	TTI #5

	1 
	22
	18
	20
	16
	20
	28

	2
	-
	28
	20
	16
	20
	28

	3
	-
	18
	20
	16
	20
	28



Table 2: Scaling factors corresponding RE per 1RB and TTI length
	
	Data RE per 1 RB and TTI duration

	
	16
	18
	20
	22
	28

	
	16/132
	18/132
	20/132
	22/132
	28/132

	
	   +14% 
	+2%
	+8%
	-19%
	-51%



For this reason, we propose that the scaling factor is determined based on data symbols, DMRS and CRS.
 				(1)
= 		

Impact of DMRS and CRS configuration should be taken in consideration when specifying DL scaling factors for 2/3-symbol TTI. 
For simplicity, for 1-slot transmission a fixed scaling factor can be used  
Support one scaling factor () for DL slot TTI configuration.  
Uplink TBS scaling 
For optimal selection of the scaling factor, scaling coefficient should depend on the number of data symbols, and the presence of DMRS and SRS. 

  		(2)
· the TBS values in the specifications are calculated based on 12 () PUSCH data symbols. 
·  is the number of symbols in the sTTI
·   is equal to 1 if the sTTI is configured with SRS transmission 
·  is equal to 1 if the sTTI is configured with DMRS transmission
[bookmark: _Ref481668231]In UL the number of data symbols can be [1, 2] for 2/3-symbol TTI with dynamic DMRS insertion, and 5 (DMRS + SRS) or 6 (1 DMRS) for 7-symbol TTI. Table 2 provides all possible scaling factors according to equation 2. 
Table 3: Scaling factors based on number of data OFDM symbols in UL.
	sTTI
	2os
	7os

	# data symbols
	1
	2
	5
	6

	Scaling factor
	1/12=0.083
	1/6=0.17
	5/12=0.42
	1/2=0.5



According to table 3, the scaling factor for 5 OS and 6OS is not significantly changing. Thereby, for simplicity, one scaling factor can be selected for the slot configuration. However, this is not true for 1OS and 2OS case.
For UL slot TTI, the value of TBS scaling factor α is 0.5 
For UL 2/3-symbol TTI, the value of α is based on the number of data OFDM symbols in the corresponding short TTI transmission

It can also be noted that RAN1 has decided on a new set of scaling factors for UL data in UpPTS [5] as given in Table 3.
[bookmark: _Ref481671941]Table 4: Scaling factor for UL data in UpPTS.
	Available SC-FDMA data symbols in PUSCH 
	1
	2
	3
	4
	5

	Scaling factor 
	1/8=0.125
	3/8=0.375



Comparing the scaling factors defined for UL data in Table 3 with the values in Table 4 it can be seen that the adopted scaling factors for UL data is an average of the scaling factors for each data symbol from the set of possible data symbols. For the scaling of 7os sTTI, if re-using the existing scaling factors, one can see that the scaling factor of 0.375 is lower than the optimal scaling factors that are either 0.42 or 0.50 depending on the number of data symbols. Hence, adapting the existing scaling factors might not be suitable for sTTI. 
Determining TBS for short TTI operation
There are different possible ways to determine TBS for short TTI operation.
Scaling TBS column index
One straightforward approach to achieve a valid TBS value for a short TTI transmission is to use a value from a different column. As an example, consider an allocation of 25 PRB. With a legacy TTI the row values from column n:o 25 would be used. For a short TTI length of 7os in UL, corresponding to 6 compared to 12 data OFDM symbols in the legacy case, the column n:o 25*α = 25*6/12 = 12 can be used. This should ensure that a reasonable code rate is achieved, and also that a valid TBS valid is used.
[bookmark: _Toc481667783][bookmark: _Toc481667889]This method, referred to as “scaled index” is attractive for its simplicity. However, scaling the column index in the TBS table has a limited PRB range applicability.For example, consider a 6 PRB or 12 PRB allocation with α=1/12, both will map to the same column. Also, the granularity in the scaling may lead to inefficient code rates.
Scaling TBS value with number of data symbols
Instead of scaling the column index, we can simply use the same column and row as in the legacy case, but instead scale the TBS value with the scaling factor α. This scaling, referred to as “scaled value”, will not be limited to a certain range of PRB, and will also not have the granularity problem as the “scaled index” method.
[bookmark: _Toc481667786][bookmark: _Toc481667890][bookmark: _Toc481668015][bookmark: _Toc481668237][bookmark: _Toc481671749][bookmark: _Toc481678164][bookmark: _Toc481755327]The TBS for short TTI operation can be calculated by scaling a legacy TBS value for the number of RBs and MCS index according to the number of data OFDM symbols
Adjusting for CRC
With the scaling factor α as defined above the TBS table to be used for transmission in short TTI operation can be found by scaling the legacy TBS table according to the “scaled index” method. The wanted result is that the achieved code rate for a given MCS is retained, i.e. close to the legacy code rate. This is done by including the CRC overhead.
CRC is appended to the TBS table value before the transmission, so that the resulting rate is:
Code rate = (TBS table value + CRC) / transmitted bits,
where transmitted bits is the number of transmitted data symbols, i.e. used RE times modulation order (bits per symbols). To achieve the same code rate we add the CRC before scaling the legacy TBS value, and then remove it again. The case of multiple CRC inserted is less important, since the impact of CRC for these higher TBS is negligible. This leads to the raw scaled TBS values for short TTI operation:
TBSsTTI_raw = (TBS + CRC) * α  – CRC
[bookmark: _Toc481667787][bookmark: _Toc481667891][bookmark: _Toc481668016][bookmark: _Toc481668238][bookmark: _Toc481671750][bookmark: _Toc481678165][bookmark: _Toc481755328]The scaled TBS value for short TTI operation is adjusted for CRC to achieve the intended code rate
Rounding to valid sizes
With the achieved raw scaled TBS values a transmission may not be possible for two reasons:
· The value may not be an integer number of bytes (=8 bits)
· The value may not be aligned with Quadrature Permutation Polynomial (QPP) interleaver size.
To ensure the two conditions above, the closest TBS value present in the legacy TBS table is used, where the unique bit values are given in Table 1.
The resulting scaled TBS values can then be used for transmission in short TTI operation, that is for a given RB allocation and MCS index, a raw scaled value is found, for which the closest allowed TBS value is used.
[bookmark: _Toc481667788][bookmark: _Toc481667892][bookmark: _Toc481668017][bookmark: _Toc481668239][bookmark: _Toc481671751][bookmark: _Toc481678166][bookmark: _Toc481755329]The scaled TBS value for short TTI operation is rounded off to the closest valid TBS table value

Table 5: Unique TBS values used in Table 7.1.7.2.1-1 in 3GPP TS 36.213


Conclusion
In this contribution, we discuss the need for a scaling of the legacy TBS table according to the new short TTI transmissions. The following observations are made: 
1. In legacy LTE the same TBS value is used regardless of number of symbols used for PDCCH or number of CRS/DMRS.
[bookmark: _GoBack]
We propose the following: 
1. Impact of DMRS and CRS configuration should be taken in consideration when specifying DL scaling factors for 2/3-symbol TTI. 
Support one scaling factor () for DL slot TTI configuration.
For UL slot TTI, the value of TBS scaling factor α is 0.5 
For UL 2/3-symbol TTI, the value of α is based on the number of data OFDM symbols in the corresponding short TTI transmission
The TBS for short TTI operation can be calculated by scaling a legacy TBS value for the number of RBs and MCS index according to the number of data OFDM symbols
 The scaled TBS value for short TTI operation is adjusted for CRC to achieve the intended code rate
The scaled TBS value for short TTI operation is rounded off to the closest valid TBS table value
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