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[bookmark: _Ref465963108]Introduction
 In RAN1_88b, the following has been agreed for 1 symbol UL short PUCCH
· [bookmark: _Ref473802466][bookmark: _Ref462669569]At least for 1 symbol short-PUCCH with more than 2 bits, the following is supported.
·  RS and UCI are multiplexed in FDM manner in the OFDM symbol where RS and UCI are mapped on different subcarriers and coherent demodulation are supported.
· FFS: Details on RS
· FFS: whether to support option 6 (pre-DFT)
· FFS: for 1 and 2 bits

· For 1-symbol PUCCH without SR with 1 or 2 bit(s) UCI payload size, RAN1 will select one from the following options.
· Option 1: RS and UCI are multiplexed by FDM manner in the OFDM symbol
· UCI can be sequence
· FFS: low PAPR design is applied
· Option 4: Sequence selection with low PAPR
· FFS following cases:
· If SR only
· If with SR + other UCI;
· This does not imply the necessity of special SR design 
· FFS whether the design may or may not depend on the frequency range

In this contribution, we express our views on 1-symbol Short PUCCH with 1 or 2 bits payload
[bookmark: _Ref463027406][bookmark: _Ref465963195][bookmark: _Ref466040522][bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Discussion
According to the agreements made in RAN1 #88b, there are two options for 1 or 2 bit of UCI. one with FDM of DMRS and data tones and the other with sequence selection. The first option gives the advantage of simple channel and noise estimation and hence coherent detection at the receiver side. The second option enjoy low PAPR properties. In this section, we will discuss a design that have both advantages. 
For 1 or 2 bits of ACK, sequence based design is also a good alternative because of low PAPR property. For 1 ACK/NACK bit, two different sequences are used for ACK and NACK respectively. The receiver will compare the energy of each sequence hypothesis to make the decision on whether ACK or NACK is transmitted. Such a non-coherent detection doesn’t require channel estimation and therefore is suitable for 1 symbol transmission with very good PAPR properties. However, in order to do tri-state decoding to detect DTX at the transmitter side, the receiver needs to estimate noise variance. This might be difficult due to lack of DMRS tones. This shortcoming can be improved by carefully selecting the hypothesis sequences with minimum shift distance as N/2 where N is sequence length. An equivalent DMRS tones can be created at the receiver side so that channel estimation and noise estimation may be possible for sequence based ACK design. The performance of the sequence based ACK design therefore should be at least as good as coherent ACK design with additional benefit that low PAPR properties is also preserved.
The detailed design is as follows. Consider a base sequence with length N in frequency domain as X(0,…N-1), where X may be a low PAPR sequence, e.g., a Chu sequence or CGS sequence. The ACK/NACK hypothesis sequences may be chosen with shift distance N/2 in between. Without losing generality, the two hypothesis sequences may be 
X1 = X
And 
X2 = X*exp(j*π*[0:N-1]) 
As illustrated in the following figure, the two sequences have exactly the same values every other tones while the other tones are the opposite. This means that our designed hypothesis sequences have an equivalent coherent structure. Every other tones may be used for channel estimation and noise estimation. So our design should have the identical demod performance as coherent design with extra benefit that the transmitted symbols still have low PAPR properties. 
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Figure 1. Illustration of equivalent DMRS tones with sequence based ACK design for 1 bit
The design can be further extended to 2 ACK bits where we need 4 hypothesis sequences with minimum shift distance maximized as N/4. We will have equivalent DMRS tones every 4 tones as illustrated in the following figure.

[image: ]
Figure 2. Illustration of equivalent DMRS tones with sequence based ACK design for 2bit

For 2 bit of ACK, the above sequence based design has ¼ DMRS ratio. Another alternative is to have ½ DMRS ratio with FDM of DMRS and data tones and OFDM waveform as illustrated in the following Figure. The data tones are mapped to sequences with maximized Euclidian distance. The signals can be further scrambled with a scrambling sequence Y which can be either a pseudo-random sequence or a Chu sequence to reduce PAPR. 
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Figure 3. Illustration of FDM OFDM design with ½ DMRS ratio for 2bit
The following simulations compare the link performance with the two schemes for 1 and 2 bits respectively with the same channel estimation algorithm in TDL-C channel with 4 Rx antennas. The number of allocated RBs are two consecutive RBs. 300ns delay spread applied. We observe identical link performance for our sequence based design with FDM based design as expected because they are equivalent. For 2 bit payload, FDM design with  ½ DMRS ratio has close to 1dB gain over our sequence based design with equivalent ¼ DMRS ratio due to better channel estimation quality with more DMRS tones. However, if we compare the PAPR of the two options, our sequence based design with CGS sequence same as LTE is far better than random QPSK scrambling. Even if we pick the best 30 QPSK scrambling sequences with lowest PAPR, it’s still 2dB worse than our design. With PAPR taken into account, our sequence based design with equivalent ¼ DMRS ratio is still 1dB better than the best FDM design with ½ DMRS ratio. 
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Figure 4. link performance comparison for 1 and 2bit with 24 tones
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Figure 5. PAPR comparison for 2bit with 24 tones

[bookmark: _GoBack]The following simulations compare the link performance with the two schemes for 1 and 2 bits respectively in TDL-C channel with 4 Rx antennas. The number of allocated RBs are 21 consecutive RBs. 300ns delay spread applied. Again we observe identical link performance for our sequence based design with FDM based design as expected. For 2 bit payload, FDM design with  ½ DMRS ratio has about 0.8dB gain over our sequence based design with equivalent ¼ DMRS ratio due to better channel estimation quality. However, if we compare the PAPR of the two options, our sequence based design with Chu sequence same as LTE is much better than random QPSK scrambling. If we pick the best 30 Chu sequences and the best 30 QPSK scrambling sequences with lowest PAPR, our design offers more than 4dBs PAPR gain over the alternative. With PAPR taken into account, our sequence based design with equivalent ¼ DMRS ratio is at least 3dB better than the best FDM design with ½ DMRS ratio in this set up. 
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Figure 6. link performance comparison for1 and 2bit with 252tones
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Figure 5. PAPR comparison for 2bit with 252 tones

Observation 1: Our sequence based ACK design is identical to FDM alternative with ½ DMRS ratio for 1bit UCI and at least 1dB better than FDM alternative with ½ DMRS ratio for 2 bits UCI. Our design has even more PAPR advantage with larger allocations.

Furthermore, our sequence based design has other advantages when ACK or SR bits need to be multiplexed with SRS. Let X1 now be the SRS sequence when no ACK bits are to be transmitted, which include the scenario when UE misses the grant and so DTX at UE side. Let 1 bit ACK and NACK hypothesis sequences be 
X2 = X1 exp(j*2π/3*[0:N-1])
And 
X3 = X1*exp(j*4π/3*[0:N-1]) 
As illustrated in the following figure, we now have three hypothesis sequences with minimum shift distance maximized as N/3. And every 3rd tones can be used as DMRS tones for channel estimation and noise. 

[image: ]
Figure 7. Illustration of equivalent DMRS tones with sequence based ACK design for 1 bit ACK + SRS
In summary our low PAPR sequence based design with cyclic shifts defined as N/B, where B is the number of hypothesis maximize the distance between hypothesis and also create equivalent DMRS tones in frequency for easy channel and noise estimation. We therefore make the following proposals:
Proposal 1: Adopt sequence based design (as described in Section 2) for 1 or 2 bits UCI.
 Conclusions
For 1 symbol short PUCCH with 1 or 2 payload, we compared a low PAPR sequence based design that has equivalent DMRS tones in frequency domain with the alternative FDM design with fixed ½ DMRS ratio and OFDM waveform. Our sequence based design has the benefit of low PAPR as well as equivalent DMRS tones in frequency domain. Simulations show that our design outperform the other FDM alternative by 1dB. We therefore propose
Observation 1: Our sequence based ACK design is identical to FDM alternative with ½ DMRS ratio for 1bit UCI and at least 1dB better than FDM alternative with ½ DMRS ratio for 2 bits UCI. Our design has even more PAPR advantage with larger allocations.
The following proposals are for PUCCH channelization in short UL duration. 
[bookmark: _Ref465864507]Proposal 1: Adopt sequence based design (as described in Section 2) for 1 or 2 bits UCI.
[bookmark: _Ref457730460][bookmark: _Ref450735844][bookmark: _Ref450342757]



4/6
image1.png
X

+1
+1
+1
+1
+1
+1
+1
+1

Seq. 2




image2.png
Seq. 2

X

Seq. 3

¥ +
-1 X -1
+j |
+1 +1
¥ +
-1 -1
]

Seq. 4




image3.png
=

<

=<





image4.emf
-20 -15 -10 -5 0

10

-4

10

-3

10

-2

10

-1

10

0

24 tones, TDL-C, 4Rx, 300ns ds

 

 

seq based 1bit

FDM based 1bit

seq based 2 bit

FDM based 2bit


image5.emf
-4 -2 0 2 4 6 8 10 12

10

-4

10

-3

10

-2

10

-1

10

0

CDF

PAPR [dB]

 

 

CGS seq.

random QPSK scrambling

best 30 scrambling


image6.emf
-25 -20 -15 -10

10

-4

10

-3

10

-2

10

-1

10

0

252 tones, 4Rx, 300ns

 

 

seq based 1bit

FDM based 1bit

seq based 2 bit

FDM based 2bit


image7.emf
-4 -2 0 2 4 6 8 10 12

10

-4

10

-3

10

-2

10

-1

10

0

CDF

PAPR [dB]

 

 

avg Chu seq

best 30 Chu seq.

random QPSK scrambling

best 30 scrambling


image8.png
X
+
-

X

+1
-0.5000 - 0.8660i
-0.5000 + 0.8660i
+1
-0.5000 - 0.8660i
-0.5000 + 0.8660i
+1
-0.5000 - 0.8660i
-0.5000 + 0.8660i

Seq. 2

X

+1
-0.5000 + 0.8660i
-0.5000 - 0.8660i
+1
-0.5000 + 0.8660i
-0.5000 - 0.8660i
+1
-0.5000 + 0.8660i
-0.5000 - 0.8660i

Seq. 3




