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1
HARQ-ACK/RI on PUSCH with Single Data Symbol

For a 1-symbol subslot PUSCH, if the mapping of HARQ-ACK starts from the last RE used for RI, it is not guaranteed that all HARQ-ACK symbols can be mapped to a single symbol. To address this issue, the pseudo code provided in step 5 of the channel interleaver scheme in Section 5.2.2.8 of TS36.212 can be modified as follows:

	Modified subclause (5.2.2.8 of TS36.212)


5.2.2.8   
Channel interleaver
 (5) If HARQ-ACK information is transmitted in this subframe/slot/subslot, the vector sequence 
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 is written onto the columns depending on PUSCH duration and DMRS pattern for PUSCH with subslot duration, and by sets of 
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 rows starting from the last row and moving upwards according to the following pseudo-code. Note that this operation overwrites some of the channel interleaver entries obtained in step (4). 

Set i, j to 0.

Set r to 
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 for PUSCH with subslot duration, set r to 
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for PUSCH with subslot duration, and 
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while i < 
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if the duration of the PUSCH is subframe
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else if the duration of the PUSCH is slot
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else if the duration of the PUSCH is subslot, and 
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                 else if  the duration of the PUSCH is subslot, and 
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                       r = r - 1
else if the duration of the PUSCH is subslot and 
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end if

end while

Where ColumnSet is given
-
in Table 5.2.2.8-2 and indexed left to right from 0 to 3for PUSCH with subframe duration,

-
in Table 5.2.2.8-1 or Table 5.2.2.8-1A indexed left to right from 0 to 1 for PUSCH with slot duration,

-
as {1} if DMRS pattern field of corresponding uplink DCI formats is '01' for subslot#0, '11' for subslot#1, '10' for subslot#3, or '11' for subslot#4, and as {0} otherwise, for PUSCH with subslot duration.(6) The output of the block interleaver is the bit sequence read out column by column from the 
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 matrix. The bits after channel interleaving are denoted by 
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 is the number of layers the corresponding UL-SCH transport block is mapped onto.

	End of modifications


2
Offset Parameters for HARQ-ACK and RI
For subslot TTI, the offset parameters for HARQ-ACK and RI are dynamically indicated via a single bit in the UL DCI. This approach should be taken regardless of whether the UCI is sent along with the UL-SCH data or without it. Hence, we propose the following changes in Section 5.2.4.1 of TS36.212:

	Modified subclause (5.2.4.1 of TS36.212)


5.2.4.1   
Channel coding of control information

For HARQ-ACK information 
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 shall be determined according to [3] depending on the duration for the corresponding PUSCH and the beta offset indicator in SPDCCH with DCI format 7-0A/7-0B when the duration for the corresponding PUSCH is subslot. For UEs configured with more than five DL cells, 
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 shall be determined according to [3] depending on the number of HARQ-ACK feedback bits, the duration for the corresponding PUSCH and the beta offset indicator in SPDCCH with DCI format 7-0A/7-0B when the duration for the corresponding PUSCH is subslot.

For rank indication or CRI, 
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 shall be determined according to [3] depending on the duration for the corresponding PUSCH and the beta offset indicator in SPDCCH with DCI format 7-0A/7-0B when the duration for the corresponding PUSCH is subslot.

For CQI and/or PMI information 
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The channel coding and rate matching of the control data is performed according to section 5.2.2.6. The coded output sequence for channel quality information is denoted by 
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, the coded vector sequence output for HARQ-ACK is denoted by 
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 and the coded vector sequence output for rank indication or CRI, is denoted by 
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	End of modifications


3
UL DCI Formats for UL Procedure
The following change is needed in Section 8.0 of TS36.213:

	Modified subclause (8.0 of TS36.213)


8.0   
UE procedure for transmitting the physical uplink shared channel
The term "UL/DL configuration" in this Subclause refers to the higher layer parameter subframeAssignment unless specified otherwise. 

Throughout this section, if the UE is configured with higher layer parameter ShortTTI-Length and the corresponding PDCCH/SPDCCH with DCI format 7-0A/7-0B is detected in a subslot, if the UE is configured for subslot uplink transmissions, 
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	Modified subclause (8.0 of TS36.213)


4
Modulation Order Determination

The following changes are proposed for Section 8.6.1 of TS36.213:
	Modified subclause (8.6.1 of TS36.213)


8.6.1   
Modulation order and redundancy version determination
For a non-BL/CE UE and for [image: image45.wmf]28
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-
If the UE is capable of supporting 64QAM in PUSCH and has not been configured by higher layers to transmit only QPSK and 16QAM, the modulation order is given by [image: image49.wmf]'
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in Table 8.6.1-1. 

-
If the UE is capable of supporting 256QAM in PUSCH and has not been configured by higher layers to transmit only QPSK and 16QAM, the modulation order is given by [image: image50.wmf]'
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in Table 8.6.1-3.

-
If the UE is not capable of supporting 64QAM in PUSCH or has been configured by higher layers to transmit only QPSK and 16QAM, [image: image51.wmf]'
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If the parameter ttiBundling provided by higher layers is set to TRUE, then the modulation order is set to [image: image54.wmf]2
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 applies in this case if the UE does not indicate support by higher layers to operate without it. 

-
If the UE is configured with higher layer parameter pusch-EnhancementsConfig, and if the PDCCH corresponding to the PUSCH transmission is located in UE specific search space, then [image: image56.wmf]'

m

Q

is first obtained according to the procedure above. The modulation order ([image: image57.wmf]m

Q

) is determined as follows. 

-
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 the modulation order ([image: image68.wmf]m
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) is determined as follows:

-
if DCI format 0/0A/0B is used and [image: image69.wmf]29
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 and N =1 (determined by the procedure in Subclause 8.0) or, if DCI format 4/7-0B is used and only 1 TB is enabled and [image: image70.wmf]29
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for the enabled TB and the signalled number of transmission layers is 1 or if DCI format 4A/4B is used and [image: image71.wmf]29
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 for both TBs and N =1 (determined by the procedure in Subclause 8.0), and if

-
the "CSI request" bit field is 1 bit and the bit is set to trigger an aperiodic report and, [image: image72.wmf]4
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 or, 

-
the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for one serving cell according to Table 7.2.1-1A, and, [image: image73.wmf]4
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 or, 

-
the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for more than one serving cell according to Table 7.2.1-1A and, [image: image74.wmf]20
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 or,

-
the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for one CSI process according to Table 7.2.1-1B and [image: image75.wmf]4
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 or,
-
the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for more than one CSI process according to Table 7.2.1-1B and [image: image76.wmf]20
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 or,

-
the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for one CSI process or {CSI process, CSI subframe set}-pair according to Table 7.2.1-1C and [image: image77.wmf]4
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 or,
-
the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for more than one CSI process and/or {CSI process, CSI subframe set}-pair according to Table 7.2.1-1C and [image: image78.wmf]20
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-
the "CSI request" bit field is 3 bits and is triggering an aperiodic CSI report for one CSI process according to Table 7.2.1-1D or Table 7.2.1-1E or Table 7.2.1-1F or Table 7.2.1-1G and [image: image79.wmf]4
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, or
-
the "CSI request" bit field is 3 bits and is triggering an aperiodic CSI report for 2 to 5 CSI processes according to Table 7.2.1-1D or Table 7.2.1-1E or Table 7.2.1-1F or Table 7.2.1-1G and [image: image80.wmf]20
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-
the "CSI request" bit field is 3 bits and is triggering an aperiodic CSI report for more than 5 CSI processes according to Table 7.2.1-1D or Table 7.2.1-1E or Table 7.2.1-1F or Table 7.2.1-1G, or

-
the "CSI request" bit field in DCI format 0A/0B/4A/4B is set to trigger an aperiodic CSI report, or
-
the "CSI request" bit field is 4 bits and is triggering an aperiodic CSI report for one CSI process according to Table 7.2.1-1H or Table 7.2.1-1I and [image: image81.wmf]4
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, or
-
the "CSI request" bit field is 4 bits and is triggering an aperiodic CSI report for 2 to 5 CSI processes according to Table 7.2.1-1H or Table 7.2.1-1I and [image: image82.wmf]20
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, or

-
the "CSI request" bit field is 4 bits and is triggering an aperiodic CSI report for more than 5 CSI processes according to Table 7.2.1-1H or Table 7.2.1-1I, or

-
the "CSI request" bit field is 5 bits and is triggering an aperiodic CSI report for one CSI process according to Table 7.2.1-1J or Table 7.2.1-1K and [image: image83.wmf]4
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, or
-
the "CSI request" bit field is 5 bits and is triggering an aperiodic CSI report for 2 to 5 CSI processes according to Table 7.2.1-1J or Table 7.2.1-1K and [image: image84.wmf]20
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, or

-
the "CSI request" bit field is 5 bits and is triggering an aperiodic CSI report for more than 5 CSI processes according to Table 7.2.1-1J or Table 7.2.1-1K, or

-
the "CSI request" bit field in DCI is set to trigger an aperiodic CSI report and UE is configured with higher layer parameter advancedCodebookEnabled,

then the modulation order is set to [image: image85.wmf]2
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-
Otherwise, 

-
For a cell that is not a LAA SCell, the modulation order shall be determined from the DCI transported in the latest PDCCH/EPDCCH/SPDCCH with DCI format 0/4/7-0A/7-0B for the same transport block using [image: image86.wmf]28
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. If there is no PDCCH/EPDCCH/SPDCCH with DCI format 0/4/7-0A/7-0B for the same transport block using [image: image87.wmf]28

0

MCS

£

£

I

, the modulation order shall be determined from

-
the most recent semi-persistent scheduling assignment PDCCH/EPDCCH, when the initial PUSCH for the same transport block is semi-persistently scheduled, or, 

-
the random access response grant for the same transport block, when the PUSCH is initiated by the random access response grant.

	End of modifications


5
Transport Block Size Determination

In Section 8.6.2 of TS36.213, it is stated that the scaled TBS should be mapped to the closest value 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.

However, the smallest value in Tables 7.1.7.2.2-1, 7.1.7.2.4-1 and 7.1.7.2.5-1 is 3112. This will lead to the cases where the coding rate is above 1. 

In general, it is beneficial to use Table 7.1.7.2.1-1 whenever possible since this table has a finer granularity as compared to the translation tables. Hence, we propose the following modification:

	Modified subclause (8.6.2 of TS36.213)


8.6.2   
Transport block size determination
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 (
[image: image88.wmf]5

.

0

=

a

for slot-based PUSCH, 
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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 when the transport block is mapped to two spatial layers, and either 
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 or the scaled TBS is smaller than 3112; otherwise, Table 7.1.7.2.2-1 when the transport block is mapped to two spatial layers. 

· Table 7.1.7.2.1-1 when the transport block is mapped to three spatial layers, and either 
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 or the scaled TBS is smaller than 3112; otherwise, Table 7.1.7.2.4-1 when the transport block is mapped to three spatial layers. 

· Table 7.1.7.2.1-1 when the transport block is mapped to four spatial layers, and either 
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or the scaled TBS is smaller than 3112; otherwise, Table 7.1.7.2.5-1 when the transport block is mapped to four spatial layers. 

In case two valid TBS values are the closest, the lager TBS value is selected.
	End of modifications


6
PUSCH without UL-SCH Data
To enable PUSCH without UL-SCH data, we propose the following changes in Section 8.6.2 of TS36.213:
	Modified subclause (8.6.2 of TS36.213)


8.6.2   
Transport block size determination

For a non-BL/CE UE and for [image: image94.wmf]31
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if DCI format 0/0A/0B is used and [image: image95.wmf]29
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 and N =1 (determined by the procedure in Subclause 8.0) or, if DCI format 4/7-0B is used and only 1 TB is enabled and [image: image96.wmf]29
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 for the enabled TB and the number of transmission layers is 1 or if DCI format 4A/4B is used and [image: image97.wmf]29
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 for both TBs and N =1 (determined by the procedure in Subclause 8.0), and if
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the "CSI request" bit field is 1 bit and is set to trigger an aperiodic CSI report and [image: image98.wmf]4
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-
the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for one serving cell according to Table 7.2.1-1A, and , [image: image99.wmf]4
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-
the "CSI request" bit field is 2 bits and is triggering aperiodic CSI report for more than one serving cell according to Table 7.2.1-1A and, [image: image100.wmf]20
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-
the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for one CSI process according to Table 7.2.1-1B and [image: image101.wmf]4
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 or,
-
the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for more than one CSI process according to Table 7.2.1-1B and, [image: image102.wmf]20
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 or,

-
the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for one CSI process or {CSI process, CSI subframe set}-pair according to Table 7.2.1-1C and [image: image103.wmf]4
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-
the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for more than one CSI process and/or {CSI process, CSI subframe set}-pair according to Table 7.2.1-1C and [image: image104.wmf]20
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, or

-
the "CSI request" bit field is 3 bits and is triggering an aperiodic CSI report for one CSI process according to Table 7.2.1-1D or Table 7.2.1-1E or Table 7.2.1-1F or Table 7.2.1-1G and [image: image105.wmf]4
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, or
-
the "CSI request" bit field is 3 bits and is triggering an aperiodic CSI report for 2 to 5 CSI processes according to Table 7.2.1-1D or Table 7.2.1-1E or Table 7.2.1-1F or Table 7.2.1-1G and [image: image106.wmf]20
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the "CSI request" bit field is 3 bits and is triggering an aperiodic CSI report for more than 5 CSI processes according to Table 7.2.1-1D or Table 7.2.1-1E or Table 7.2.1-1F or Table 7.2.1-1G, or

-
the "CSI request" bit field in DCI format 0A/0B/4A/4B is set to trigger an aperiodic CSI report, or
-
the "CSI request" bit field is 4 bits and is triggering an aperiodic CSI report for one CSI process according to Table 7.2.1-1H or Table 7.2.1-1I and [image: image107.wmf]4
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, or
-
the "CSI request" bit field is 4 bits and is triggering an aperiodic CSI report for 2 to 5 CSI processes according to Table 7.2.1-1H or Table 7.2.1-1I and [image: image108.wmf]20
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-
the "CSI request" bit field is 4 bits and is triggering an aperiodic CSI report for more than 5 CSI processes according to Table 7.2.1-1H or Table 7.2.1-1I, or

-
the "CSI request" bit field is 5 bits and is triggering an aperiodic CSI report for one CSI process according to Table 7.2.1-1J or Table 7.2.1-1K and [image: image109.wmf]4
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-
the "CSI request" bit field is 5 bits and is triggering an aperiodic CSI report for 2 to 5 CSI processes according to Table 7.2.1-1J or Table 7.2.1-1K and [image: image110.wmf]20
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-
the "CSI request" bit field is 5 bits and is triggering an aperiodic CSI report for more than 5 CSI processes according to Table 7.2.1-1J or Table 7.2.1-1K, or

-
the "CSI request" bit field in DCI is set to trigger an aperiodic CSI report and UE is configured with higher layer parameter advancedCodebookEnabled,

then there is no transport block for the UL-SCH and only the control information feedback for the current PUSCH reporting mode is transmitted by the UE. 
-
Otherwise, the transport block size shall be determined from the initial PDCCH/EPDCCH/SPDCCH for the same transport block using [image: image111.wmf]28
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. If there is no initial PDCCH/EPDCCH/SPDCCH with an uplink DCI format for the same transport block using [image: image112.wmf]28
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, the transport block size shall be determined from

-
the most recent semi-persistent scheduling assignment PDCCH/EPDCCH/SPDCCH, when the initial PUSCH for the same transport block is semi-persistently scheduled, or, 

-
the random access response grant for the same transport block, when the PUSCH is initiated by the random access response grant.

	End of modifications


7
UL Dropping rules
As specified in Section 5.1.5 of TS36.213, if the UE is capable of simultaneous transmission of different uplink signal durations to different serving cells, and in case it is power limited, the PUSCH w.o HARQ-ACK and DMRS has a higher priority over a PUSCH w.o HARQ-ACK and no DMRS. However, when there is HARQ-ACK on PUSCH, the presence/absence of DMRS is not accounted for. We therefore propose the following addition:
	Modified subclause (5.1.5 of TS36.213)


5.1.5   
Power allocation for PUCCH-Scell

For a UE capable of simultaneous transmission of different uplink signal durations to different serving cells as indicated by UE capability simultaneousTx-differentTx-duration, if the UE is configured with a PUCCH-SCell and configured with different values of higher layer parameter ul-TTI-Length for serving cells in the primary PUCCH group and secondary PUCCH group, and if the total transmit power of the UE would exceed 
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, the UE drops the following channels from the lowest serving cell index to the highest serving cell index in order until the total transmit power of the UE would not exceed 
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which in that case, the UE would not drop any more channels:

-
subframe-based PUSCH without HARQ-ACK of the secondary PUCCH group
-
subframe-based PUSCH without HARQ-ACK of the primary PUCCH group
-
slot/subslot-based PUSCH without HARQ-ACK and without DMRS of the secondary PUCCH group
-
slot/subslot-based PUSCH without HARQ-ACK and without DMRS of the primary PUCCH group
-
slot/subslot-based PUSCH without HARQ-ACK and with DMRS of the secondary PUCCH group
-
slot/subslot-based PUSCH without HARQ-ACK and with DMRS of the primary PUCCH group
-
subframe-based PUSCH with HARQ-ACK or subframe-based PUCCH of the secondary PUCCH group
-
subframe-based PUSCH with HARQ-ACK or subframe-based PUCCH of the primary PUCCH group
-
slot/subslot-based PUSCH with HARQ-ACK and without DMRS of the secondary PUCCH group
-    slot/subslot-based PUSCH with HARQ-ACK and without DMRS of the primary PUCCH group

-    slot/subslot-based PUSCH with HARQ-ACK and with DMRS or slot/subslot based PUCCH of the secondary PUCCH group
-
slot/subslot-based PUSCH with HARQ-ACK and with DMRS or slot/subslot-based PUCCH of the primary PUCCH group
The HARQ-ACK of a dropped channel is transmitted on the channel of the same PUCCH group to be transmitted with highest priority.

	End of modifications


8
DRD UL Pattern 

RAN4 has decided to select the location of the transient period such that the data and SRS symbols can be protected to the extent possible. Adopting the DRD UL pattern for the subslot TTI#5 enables the eNB to select either RDD or DRD based on a given scenario to protect the data and SRS symbols. Hence, we propose the following additions:

	First modified subclause (5.3.4 of TS36.211)


5.3.4
Mapping to physical resources
In case of subslot-PUSCH, the mapping shall start at symbol 
[image: image115.wmf]l

 where the start of the mapping is dependent on the uplink subslot number in the subframe assigned for transmission and the DMRS-pattern field in the related uplink DCI format [3] according to Table 5.3.4-1.

Table 5.3.4-1: Starting symbol index for subslot-PUSCH transmission

	DMRS-pattern field in uplink-related DCI format [3]
	Uplink subslot number

	
	#0
	#1
	#2
	#3
	#4
	#5

	00
	1
	4
	6
	1
	3
	5

	01
	0
	3
	5
	0
	2
	4

	10
	–
	3
	–
	0
	2
	–

	11
	–
	3
	–
	–
	2
	–


	Second modified subclause (5.5.2.1.2 of TS36.211)


5.5.2.1.2 
Mapping to physical resources
In case of subslot-PUSCH, the mapping to resource elements 
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, in the subframe shall be in increasing order of first 
[image: image117.wmf]k

 for all values of 
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, except if the Cyclic Shift Field mapping table for DMRS bit field is set in the most recent uplink-related DCI format 7, which indicates the use of Table 5.5.2.1.1-4. In this case the mapping to resource element shall be in increasing order of first 
[image: image119.wmf]k

 only for values of 
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 satisfying 
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. The value of 
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 depends on the uplink subslot number and the DMRS-pattern field in the most recent uplink-related DCI, according to Table 5.5.2.1.2-1, or according to Table 5.5.2.1.2-2 in case of semi-persistent scheduling of subslot-PUSCH (i.e. higher layer patameter sps-ConfigUL-sTTI-r15 is configured, se 3GPP TS 36.331 [9]) and with a configured periodicity of 1 subslot (i.e. semiPersistSchedIntervalUL-STTI-r15 set to sTTI1). In case of subslot-PUSCH and semi-persistent scheduling with a configured periodicity longer than 1 subslot, the mapping shall start at symbol 
[image: image123.wmf]l

 according to the first row of Table 5.5.2.1.2-2 (i.e. equivalent to a signalling of DMRS-pattern field set to '00'). In case no value of [image: image125.png]


 is defined for the uplink subslot number, and in case no valid starting symbol index (see table 5.3.4-1), no reference signal is transmitted associated with the uplink-related DCI format.
Table 5.5.2.1.2-1: The quantity 
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 for subslot-PUSCH

	DMRS-pattern field in uplink-related DCI format [3]
	Uplink subslot number

	
	#0
	#1
	#2
	#3
	#4
	#5

	00
	0
	3
	5
	0
	2
	4

	01
	2
	4
	-
	1
	3
	5

	10
	-
	-
	-
	2
	-
	-

	11
	-
	5
	-
	-
	4
	-


	Third modified subclause (5.2.2.8 of TS36.212)


5.2.2.8   
Channel interleaver
 (3) If rank information is transmitted in this subframe/slot/subslot, the vector sequence 
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 is written onto the columns depending on PUSCH duration and DMRS pattern for PUSCH with subslot duration and by sets of 
[image: image128.wmf](

)

L

m

N

Q

×

 rows starting from the last row and moving upwards according to the following pseudo-code. 

Set i, j to 0.

Set r to 
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if the duration of the PUSCH is subframe
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else if the duration of the PUSCH is slot
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else if the duration of the PUSCH is subslot
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end if

end while

Where ColumnSet is given

-
in Table 5.2.2.8-1 or Table 5.2.2.8-1A and indexed left to right from 0 to 3 for PUSCH with subframe duration, 

-
in Table 5.2.2.8-1 or Table 5.2.2.8-1A indexed left to right from 0 to 1 for PUSCH with slot duration,

-
as {1} if DMRS pattern field of corresponding uplink DCI formats is '00' for subslot#0, '10' for subslot#1, '01' for subslot#2, '10' for subslot#4 or '00' or ‘01’ for subslot#5, and as {0} otherwise, for PUSCH with subslot duration.
	End of modifications
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