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1 Introduction

In RAN1#91 meeting, the following agreements on Transport Block Size (TBS) determination for shortened TTI (sTTI) have been summarized in [1].
Agreement
For sPUSCH and sPDSCH, the value in the legacy TBS is scaled according to TBS*α with the resulting TBS rounded off to the closest valid TBS.

- NOTE: The α value can be the same or different for different sTTI lengths and for sPUSCH and sPDSCH

- The TBS scaling is performed assuming the same number of layers within a codeword for PDSCH and sPDSCH.

According to the agreements, the following on TBS determination has been specified in Clause 7.1.7 of TS36.213 [2].
· for DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G, the derived transport block size (after TBS translation as described in sections 7.1.7.2.2, 7.1.7.2.4, 7.1.7.2.5 when the transport block is mapped to more than one spatial layer) is scaled by α (
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 for subslot-based PDSCH), then rounded to the closest valid transport block size in

· Table 7.1.7.2.1-1 when the transport block is mapped to one spatial layer,

· Table 7.1.7.2.2-1 when the transport block is mapped to two spatial layers,

· Table 7.1.7.2.4-1when the transport block is mapped to three spatial layers,

· Table 7.1.7.2.5-1when the transport block is mapped to four spatial layers.

Similarly, following on TBS determination has also been specified in Clause 8.6.2 [2]:

For, DCI format 7-0A/B, the derived transport block size after TBS translation as described in sections 7.1.7.2.2, 7.1.7.2.4, 7.1.7.2.5 when the transport block is mapped to more than one spatial layer is scaled by α (
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 for subslot-based PUSCH with two data symbols in the subslot), then rounded to the closest valid transport block size inTable 7.1.7.2.1-1 when the transport block is mapped to one spatial layer,

-
Table 7.1.7.2.2-1 when the transport block is mapped to two spatial layers,

-
Table 7.1.7.2.4-1when the transport block is mapped to three spatial layers,

-
Table 7.1.7.2.5-1when the transport block is mapped to four spatial layers.

Nevertheless, TBS determination for sTTI remains unclear on rounding off a scaled TBS value, where the rounding off can causes ambiguity in TBS selection. Moreover, it is noted that the current specification [2] on TBS table selection is not sufficiently clear, which may induce misuse of TBS tables. Additionally, the value of the scaling factor α for a 3-symbol TTI can be improved.
In this contribution, we discuss the above mentioned issues and related text proposals are provided in the Appendix.
2 Rounding off the scaled TBS

As specified in Clauses 7.1.7 and 8.6.2 [2], in order to determine the TBS for sTTI, a TBS value (derived from a legacy TBS table) is scaled by a factor α, then rounded off to the closest valid TBS in the TBS table.

Unfortunately, this rounding off operation can lead to ambiguity, where the scaled TBS can be mapped to two closest valid TBS values. That is, the differences between the scaled TBS and the two valid TBS values are identical. For instance, given NPRB = 12 and ITBS = 4, the TBS derived from Table 7.1.7.2.1-1 is 840. Then, assuming subslot-PDSCH, the TBS is multiplied by 1/6, yielding 140, for which the closest valid TBS can be 136 or 144. As a result, the TBS used by UE for decoding the subslot-based PDSCH may not match the transport block delivered by the eNB. This may degrade the error rate performance. 

When the scaled TBS can be rounded to two distinct valid TBS values, we propose that in order to avoid the ambiguity, the scaled TBS can be rounded to the larger valid TBS.
Therefore, we have the following proposal.

Proposal 1 If the scaled TBS is closest to two valid TBS values, the larger valid TBS is used. 
3 Selection of TBS table in the presence of multiple spatial layers
As shown in [2], the changes in Clauses 7.1.7 and 8.6.2 (as cited in the Introduction) state that the derived TBS is scaled by α, then rounded to the closest valid TBS in Table 7.1.7.2.2/4/5-1 when the transport block is mapped to two, three or four spatial layers. However, such a statement seems unclear and can cause misusing TBS tables, which can be shown in following examples.
Example 1: Given 1 ≤ NPRB ≤ 55, determining a TBS value for transport blocks mapped to two spatial layers.

For transport blocks mapped to two-layer spatial multiplexing, Clause 7.1.7.2.2 in TS36.213 states that “for
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) entry of Table 7.1.7.2.1-1.” This means that in order to obtain a TBS for sTTI in the presence of 1 ≤ NPRB ≤ 55, a TBS value should be firstly selected from Table 7.1.7.2.1-1 with given (
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). Then, according to the agreements [1], the selected TBS value is multiplied by α, and the resulted TBS value is rounded to the closest valid TBS value in Table 7.1.7.2.1-1. This valid TBS is the TBS for sTTI. However, the changes in Clause 7.1.7 (as cited in the Introduction) does not involve the use of Table 7.1.7.2.1-1.
Example 2: In the case of ITBS = 0, NPRB = 56 and subslot-based PDSCH, determining a TBS for transport blocks mapped to two spatial layers.

According to Clause 7.1.7.2.2, we first select a TBS_L1 value from Table 7.1.7.2.1-1, yielding 1544. Then, according to Table 7.1.7.2.2-1, the TBS_L1 value is translated into a TBS_L2 value 3112. This TBS_L2 value is scaled by 1/6, yielding 518.667.  According to the agreements reached in [1], our understanding is that 518.667 should be rounded to the closest valid TBS value in Table 7.1.7.2.1-1, i.e. 504. However, according to the current specification, the TBS will be rounded to 1544, which is obviously not proper.
Moreover, similar problems can be seen for codewords mapped to three or four spatial layers.
Therefore, we propose that the part of TBS table selection for sTTI in Clause 7.1.7 TS36.213 as shown in [2] should be revised as

· for DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G, the derived transport block size (after TBS translation as described in sections 7.1.7.2.2, 7.1.7.2.4, 7.1.7.2.5 when the transport block is mapped to more than one spatial layer) is scaled by α (
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[image: image12.wmf]6

1

=

a

 for subslot-based PDSCH), then rounded to the closest valid transport block size in

· Table 7.1.7.2.1-1 when the transport block is mapped to one spatial layer,

· Table 7.1.7.2.1-1 and Table 7.1.7.2.2-1 when the transport block is mapped to two spatial layers,

· Table 7.1.7.2.1-1 and Table 7.1.7.2.4-1when the transport block is mapped to three spatial layers,

· Table 7.1.7.2.1-1 and Table 7.1.7.2.5-1when the transport block is mapped to four spatial layers.
In Clause 8.6.2, similar changes should be made as follows.

For, DCI format 7-0A/B, the derived transport block size after TBS translation as described in sections 7.1.7.2.2, 7.1.7.2.4, 7.1.7.2.5 when the transport block is mapped to more than one spatial layer is scaled by α (
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 for subslot-based PUSCH with one data symbol in the subslot, and 
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 for subslot-based PUSCH with two data symbols in the subslot), then rounded to the closest valid transport block size inTable 7.1.7.2.1-1 when the transport block is mapped to one spatial layer,

-
Table 7.1.7.2.1-1 and Table 7.1.7.2.2-1 when the transport block is mapped to two spatial layers,

-
Table 7.1.7.2.1-1 and Table 7.1.7.2.4-1when the transport block is mapped to three spatial layers,

-
Table 7.1.7.2.1-1 and Table 7.1.7.2.5-1when the transport block is mapped to four spatial layers.

Proposal 2 On rounding of the scaled TBS for transport block mapped to more than one layer, the TBS in Table 7.1.7.2.1-1 should also be considered.
4 Scaling factor α
As specified in Clause 7.1.7 TS36.213 [2], to determine a TBS for subslot-based PDSCH, the scaling factor 
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 is used. However, for a 3-symbol DL sTTI, a scaling factor of 1/6 may be too conservative, e.g. for   NPRB = 100, ITBS = 26 and a transport block mapped to one spatial layer with two CRS ports, a 3-symbol CRS-based sPDSCH yields a code rate of 0.66 which is much lower than 0.932. It means that applying the scaling factor of 1/6 to a 3-symbol sPDSCH can lead to a 29.19% performance loss in peak data rate. Therefore, we have the following proposal:

Proposal 3 To determine a TBS for subslot-based PDSCH, a scaling factor of 1/4 should be used for a 3-symbol sTTI.
5 Conclusions
In this contribution, we have the following proposals:
Proposal 1
If the scaled TBS is closest to two valid TBS values, the larger valid TBS is used.
Proposal 2
On rounding of the scaled TBS for transport block mapped to more than one layer, the TBS in Table 7.1.7.2.1-1 should also be considered.
Proposal 3
To determine a TBS for subslot-based PDSCH, a scaling factor of 1/4 should be used for a 3-symbol sTTI.
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Appendix: Text Proposal to 36.213
---------------------------------------------------------Start of Text Proposal--------------------------------------------------------
7.1.7
Modulation order and transport block size determination 

< Unchanged parts are omitted >
-
for DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G, the derived transport block size (after TBS translation as described in sections 7.1.7.2.2, 7.1.7.2.4, 7.1.7.2.5 when the transport block is mapped to more than one spatial layer) is scaled by α (
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 for subslot-based PDSCH with 2 symbols in the subslot), then rounded to the closest valid transport block size in

-
Table 7.1.7.2.1-1 when the transport block is mapped to one spatial layer,

-
Table 7.1.7.2.1-1 and Table 7.1.7.2.2-1 when the transport block is mapped to two spatial layers,

-
Table 7.1.7.2.1-1 and Table 7.1.7.2.4-1when the transport block is mapped to three spatial layers,

-
Table 7.1.7.2.1-1 and Table 7.1.7.2.5-1when the transport block is mapped to four spatial layers.
If the scaled TBS is closest to two valid transport block sizes, it is rounded to the larger transport block size.
< Unchanged parts are omitted >
8.6.2
Transport block size determination
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 except if the transport block is disabled in DCI format 4/4A/4B as specified below. For a transport block that is not mapped to two-layer spatial multiplexing, the TBS is determined by the procedure in Subclause 7.1.7.2.1. For a transport block that is mapped to two-layer spatial multiplexing, the TBS is determined by the procedure in Subclause 7.1.7.2.2.

For, DCI format 7-0A/B, the derived transport block size after TBS translation as described in sections 7.1.7.2.2, 7.1.7.2.4, 7.1.7.2.5 when the transport block is mapped to more than one spatial layer is scaled by α (
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 for subslot-based PUSCH with one data symbol in the subslot, and 
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 for subslot-based PUSCH with two data symbols in the subslot), then rounded to the closest valid transport block size inTable 7.1.7.2.1-1 when the transport block is mapped to one spatial layer,

-
Table 7.1.7.2.1-1 and Table 7.1.7.2.2-1 when the transport block is mapped to two spatial layers,

-
Table 7.1.7.2.1-1 and Table 7.1.7.2.4-1when the transport block is mapped to three spatial layers,

-
Table 7.1.7.2.1-1 and Table 7.1.7.2.5-1when the transport block is mapped to four spatial layers.
If the scaled TBS is closest to two valid transport block sizes, it is rounded to the larger transport block size.
---------------------------------------------------------End of Text Proposal--------------------------------------------------------

_1580074564.unknown

_1488823357.unknown

_1569915633.unknown

_1569826030.unknown

_1569826031.unknown

_1569915609.unknown

_1488823358.unknown

_1488823356.unknown

