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1 Introduction

In RAN1#89 meeting, the following agreement was achieved for flexible UL DMRS position [1]:
In case of 2/3os in UL, the following DMRS placement can be indicated by an UL grant in sTTI#n-x which schedules sPUSCH in sTTI n, where x is processing time configured for a PUCCH group

Note: Other combinations are FFS.

	DMRS position pattern indicated by a UL grant scheduling sPUSCH in sTTI n

	sTTI 0
	sTTI 1
	sTTI 2
	sTTI 3
	sTTI 4
	sTTI 5

	R D D
	R D
	R D
	R D
	R D
	R D D

	D D R
	D R
	D D
	D R
	D R
	

	
	D D
	
	D D | R
	D D
	

	
	D D | R
	
	
	D D | R
	


Note: | denotes the boundary of sTTI n
However, as discussed in section 2, the the current DMRS position patterns for subslot-PUSCH result in higher DMRS overhead in the second slot compared to subframe-PUSCH. An additional uplink DMRS position pattern ‘D D D’ can be introduced in subslot #5 to achieve the same DMRS overhead as that for subframe-PUSCH. In addition, simulation results in section 2 show that the ‘D D D’ pattern can improve the subslot-PUSCH performance significantly also. Therefore, the DMRS position pattern ‘D D D’ should be supported in subslot #5. Corresponding text proposals in 36.211 [2] and 36.213 [3] are provided in section 3 respectively.  
2 Discussion 
According to the current DMRS position pattern, it was observed that the DMRS overhead can be the same level as the subframe-PUSCH in the first slot while always be larger than the subframe-PUSCH in the second slot. To achieve the same DMRS overhead as that for subframe-PUSCH, the pattern ‘D D D’ can be introduced for subslot #5, wherein the DMRS included in ‘RD’ or ‘DR’ in subslot #4 can be for ‘D D D’ decoding. It is expected that the performance gain can be achieved by ‘D D D’ due to more resources available for data transmission. Some simulation results to compare pattern ‘D D D’ and ‘R D D’ are presented in Figure 1 (a) and Figure 1 (b), where 256 bits modulated by QPSK and 1032 bits modulated by 16QAM are assumed to be transmitted over 40RBs, respectively. Other assumptions can be found in Appendix. 
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	(a) 256 bits/QPSK
	(b) 1032 bits/16QAM


Figure 1. performance comparison between ‘D D D’ and ‘R D D’
According to the results, it can be observed that the gain achieved by ‘D D D’ over ‘R D D’ is almost 1.5dB and 1.9dB respectively when 256 bits modulated by QPSK and 1032 bits modulated by 16QAM are transmitted over 40 RBs. Therefore it is beneficial to introduce ‘D D D’ for subslot #5 to improve the sub-slot PUSCH performance. That is the DMRS position pattern indicated by a UL grant scheduling sPUSCH in subslot #n can be the following form:
Table 1. DMRS position pattern indicated by a UL grant scheduling sPUSCH in subslot #n
	subslot #0
	subslot #1
	subslot #2
	subslot #3
	subslot #4
	subslot #5

	R D D
	R D
	R D
	R D
	R D
	R D D

	D D R
	D R
	D D
	D R
	D R
	D D D

	
	D D
	
	D D | R
	D D
	

	
	D D | R
	
	
	D D | R
	


Observation 1: The performance gain achieved by ‘D D D’ over ‘R D D’ is about 1.5dB when a transport block with 256 bits are transmitted over 40 RBs using QPSK in subslot #5.  

Observation 2: The performance gain achieved by ‘D D D’ over ‘R D D’ is about 1.9dB when a transport block with 1032 bits are transmitted over 40 RBs using 16QAM in subslot #5.  
Proposal 1: Uplink DMRS position pattern ‘D D D’ should be supported in subslot #5. 
If ‘D D D’ in subslot #5 is introduced, UCI mapping on 3-symbol sPUSCH with 3 data symbols needs to be investigated. Currently, the UCI mapping on 2/3-symbol sPUSCH with 2 data symbols is specified as follows:

For UCI mapping on 2/3-symbol sPUSCH with 2 data symbols, the HARQ-ACK is mapped from the end of the data symbol closest to DMRS symbol (or in case of no DMRS symbol, i.e. DD is indicated in UL grant, to the first data symbol) by puncturing sPUSCH data REs, the RI is mapped from the end of the other data symbol rate matched by sPUSCH data, and PMI/CQI are mapped from the start of the data symbols in the time first frequency second manner, which are rate matched by sPUSCH data.
Inheriting from the same design principle of HARQ-ACK mapping on sPUSCH, HARQ-ACK can be mapped from the end of the first data symbol due to no DMRS symbol in pattern ‘D D D’. As for RI mapping, taking into account the traditional LTE design, i.e. RI information is always mapped to resources around those used by HARQ-ACK, RI can be mapped from the end of the second data symbol. Finally, the PMI/CQI mapping on pattern ‘D D D’ can be the same as the current design, that is PMI/CQI is mapped from the start of the data symbols in the time first frequency second manner, which are rate matched by sPUSCH data.
Proposal 2: For UCI mapping on 3-symbol sPUSCH with 3 data symbols (i.e. ‘D D D’) in subslot #5,
· HARQ-ACK is mapped from the end of the first data symbol by puncturing sPUSCH data REs.
· RI is mapped from the end of the second data symbol rate matched by sPUSCH data.
· PMI/CQI are mapped from the start of the data symbols in the time first frequency second manner, which are rate matched by sPUSCH data.
3 Text proposals to 36.211/36.212
The following provides a description of DMRS pattern for subslot to cover the above proposal.
--------------------------------------Start of Text Proposal on 36.211----------------------------------------------
5.3.4
Mapping to physical resources
< Unchanged parts are omitted >
In case of subslot-PUSCH, the mapping shall start at symbol 
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 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
	–


< Unchanged parts are omitted >
--------------------------------------End of Text Proposal on 36.211----------------------------------------------
--------------------------------------Start of Text Proposal on 36.212----------------------------------------------
5.2.2.8   
Channel interleaver
< Unchanged parts are omitted >
The number of modulation symbols per layer in the subframe is given by 
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. The output bit sequence from the channel interleaver is derived as follows:

(1)
Assign 
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 to be the number of columns of the matrix. The columns of the matrix are numbered 0, 1, 2,…,
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 is determined according to section 5.2.2.6, or by higher layer parameter symPUSCH-UpPts for PUSCH transmission in UpPTS.
(2)
The number of rows of the matrix is 
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 and we define 
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The rows of the rectangular matrix are numbered 0, 1, 2,…, 
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 from top to bottom.

(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 
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 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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while i < 
[image: image14.wmf]RI

Q

¢



[image: image15.wmf](

)

j

c

RI

Set

Column 

=



[image: image16.wmf]RI

i

c

C

r

q

y

RI

mux

=

+

´



[image: image17.wmf]1

+

=

i

i


if the duration of the PUSCH is subframe
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else if the duration of the PUSCH is slot


[image: image20.wmf]ë

û

2

1

i

R

r

mux

-

-

¢

=



[image: image21.wmf](

)

2

mod

1

+

=

j

j


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,  '00' or ‘01’ for subslot#5, and as {0} otherwise, for PUSCH with subslot duration.
(4) Write the input vector sequence, for k = 0, 1,…, 
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The pseudocode is as follows:

Set i, k to 0.

while k <
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 is not assigned to RI symbols
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k = k + 1
end if

i = i+1

end while

(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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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

[image: image44.wmf]ë

û

2

1

i

R

r

mux

-

-

¢

=



[image: image45.wmf](

)

2

mod

1

+

=

j

j


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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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 
[image: image51.wmf](

)

mux

mux

C

R

´

 matrix. The bits after channel interleaving are denoted by 
[image: image52.wmf]1

2

1

0

,...,

,

,

-

×

+

RI

L

Q

N

H

h

h

h

h

, where 
[image: image53.wmf]L

N

 is the number of layers the corresponding UL-SCH transport block is mapped onto.

< Unchanged parts are omitted >
--------------------------------------End of Text Proposal on 36.212----------------------------------------------
4 Conclusion
In this paper, we discuss the issue of the current DMRS pattern and provide simulation results achieved by ‘D D D’ in subslot #5. Corresponding text proposals are also provided in section 3. According to the above analysis, the following observations and proposals are obtained:
Observation 1: The performance gain achieved by ‘D D D’ over ‘R D D’ is about 1.5dB when a transport block with 256 bits are transmitted over 40 RBs using QPSK in subslot #5.  

Observation 2: The performance gain achieved by ‘D D D’ over ‘R D D’ is about 1.9dB when a transport block with 1032 bits are transmitted over 40 RBs using 16QAM in subslot #5.  
Proposal 1: Uplink DMRS position pattern ‘D D D’ should be supported in subslot #5.
Proposal 2: For UCI mapping on 3-symbol sPUSCH with 3 data symbols (i.e. ‘D D D’) in subslot #5,
· HARQ-ACK is mapped from the end of the first data symbol by puncturing sPUSCH data REs.
· RI is mapped from the end of the second data symbol rate matched by sPUSCH data.
· PMI/CQI are mapped from the start of the data symbols in the time first frequency second manner, which are rate matched by sPUSCH data.
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Appendix: simulation assumption
Table A1. Simulation assumption to compare DMRS pattern ‘D D D’ and ‘R D D’
	Parameters
	Values

	Carrier frequency
	700 MHz

	Bandwidth
	20 MHz (100 RB)

	Channel
	TDL-C 363ns, 30km/h

	Allocated bandwidth
	40 PRBs

	Transmission mode
	1TX, 2RX

	Channel estimation
	Practical

	Link adaptation
	Disabled

	Receiver type
	MMSE

	Transmissions
	1 (No HARQ)
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_1583653493.unknown

_1574666074.unknown

_1574666073.unknown

_1573995563.unknown

_1573999559.unknown

_1574662120.unknown

_1345635141.unknown

_1569953301.unknown

_1569953313.unknown

_1365493112.unknown

_1562177055.unknown

_1365492977.unknown

_1343944825.unknown

_1345635077.unknown

_1343944701.unknown

_1271801701.unknown

_1315996104.unknown

_1315996138.unknown

_1315996120.unknown

_1293545174.unknown

_1271801599.unknown

_1271801633.unknown

_1256804429.unknown
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_1270361106.unknown

_1269861311.unknown

_1269862827.unknown

_1265650046.unknown

_1269858229.unknown

_1269858989.unknown

_1256804476.unknown
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