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1 Introduction

Using a single symbol, i.e. Short PUCCH allows for fast A/N in NR TDD. One solution for such short PUCCH is to use split symbol, i.e. the short PUCCH operates using 2* sub-carrier spacing of ordinary PUSCH symbol, and hence two OFDM symbols of half of the time span of the ordinary OFDM symbol are used. Furthermore, by allowing for reference symbols, RS, in the first split symbol, and data in the second allow for sufficient decoding time for the UE of the received data packet in the slot before transmitting the A/N. Fast A/N using split-symbol comes with the drawback of shorter CP, but A/N is typically robust decoded encoded and hence possible ISI introduced by the channel might not be of a problem or any issue.
2 Discussion 
2.1 Simultaneous short PUCCH and short PUSCH
NR may allow for simultaneous short PUCCH and short PUSCH, i.e. the only UL information is one (nominal) OFDM symbol. One could think of two different approaches for handling that only UL OFDM symbol containing short PUCCH and short PUSCH symbol (see Figure 1)
· Case 1: Only the short PUCCH is spilt symbol. In this case the short PUCCH and the short PUSCH is non-orthogonal and hence there might be a need for a guard band of N-sub carriers in between the short PUCCH and the PUSCH. 

· Case 2. The entire last PUSCH symbol is split symbol. In this case there is no orthogonality problem between the PUSCH and PUCCH information, however, the short PUSCH may suffer from performance loss due to the shorter cyclic prefix. 
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Figure 1: Different methods for handling the simultaneous short PUSCH and short PUSCH transmission.
In the further sections of the paper we will investigate how short PUCCH will affect the PUSCH performance assuming short PUSCH - Short PUCCH approaches according to case 1 and case 2 discussed above. 
2.2 Simulation Assumptions
In the next section link level throughput simulations for a single user are presented using the TDL-A channel model [1] with two different RMS delay spreads 100ns and 300ns. The UL transmission is 10 PRB wide and uses only the last OFDM symbol in 15kHz numerology. A Short PUCCH 1 PRB wide in 30 kHz numerology is transmitted in the middle of the PUSCH. For case 1 the PUSCH is 8 PRB in 15 kHz numerology minus guard band and for case 2 PUSCH is 4 PRB in 30 kHz numerology. The PUSCH is transmitted using ACK/NAK based link adaptation where up to 2 layer and 64-QAM is used. For case 1 Windowed OFDM is used.
Table 1
Link level throughput simulation assumptions 

	Parameter
	Value

	Numerologies
	15kHz (30kHz split symbol)

	FFT size
	2048 (1024 split symbol)

	Cyclic prefix length
	1(160 + 6(144 samples (1(80 + 6(72 samples split symbol) 

	Resource block size
	12 subcarriers

	Channel estimation
	ideal

	UL PRB
	10 in 15kHz numerology

	PUCCH PRB
	1 in 30kHz numerology

	Channel model
	TDL-A 100ns, 300ns

	Carrier frequency
	2 GHz

	UE speed
	3 kmph

	PUSCH channel coding 
	LTE Turbo codes


2.2.1 Case 1
Figure 2 and 3 show PUSCH throughput for Case 1 assuming TDL-A 100 ns and TDL-A 300 ns channel for the following scenarios
(A)
Ideal (i.e. No PUCCH transmission power, and hence no ICI)

(B)
1 sub-carrier guard band

(C)
12 sub-carrier guard band

[image: image2.emf]0 5 10 15 20 25 30

SNR [dB]

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

T

h

r

o

u

g

h

p

u

t

 

[

M

b

i

t

s

/

s

]

TDLA 100ns; 2 tx ports; 2 rx ports; Link Adapt.

A Ideal

B 1sc guard

C 12+12sc guard


Figure 2: TDL-A 100 ns. (A) Ideal, (B,C) Guard = 1, 12 sub-carriers. 
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Figure 3: TDL-A 300 ns. (A) Ideal, (B,C) Guard = 1, 12 sub-carriers.
As can be seen from the plots 1 sub-carrier guard band gives almost no degradation up to SNR = 15 dB, however then the performance starts to degrade significantly due to the ICI from the short PUCCH using split-symbol and at SNR = 20 dB the 12 sub-carrier guard band case performs better, however still a considerable loss compared to the ideal case. 

Observation 1: For case 1, using small guard-band, no loss can be seen for low SNRs, however a considerable loss in short PUSCH performance can be seen for high SNRs. Hence case 1 seems overall to give a too large performance loss to be acceptable.  
2.2.2 Case 2

Figure 4 and 5 show PUSCH throughput for Case 2 assuming TDL-A 100 ns and TDL-A 300 ns channel for the following scenarios

(A)
Ideal (i.e. No PUCCH transmission power)

(B)
Split symbol
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Figure 4: TDL-A 100 ns. (A) Ideal, (B) Split symbol
As can be seen in figure 4, using split symbol also for the short PUSCH there is no performance degradation compared to ideal case, in case of a short delay spread channel.

Observation 2: For case 2, using split OFDM symbol also for the short PUSCH there is no performance degradation compared to ideal case, in case of a short delay spread channel.
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Figure 5: TDL-A 300 ns. Show, (A) Ideal (PSD =-100 dB), (B) Split symbol 
Figure 5, shows a scenario with longer delay spread channel (TDL-A 300 ns). As can be seen, for highest SNRs there is some degradation since the ISI introduced, due to the need of using short CP in the split OFDM symbol, starts to impact the performance. However, it is likely so that short PUCCH is mainly used in small cell scenarios, and hence short delay spread can be expected.
Observation 3: For case 2, in case using split symbol in the UL OFDM symbol, in short PUSCH, short PUCCH scenarios, performance impact is only seen for the highest SNRs for large delay spread channels and that is due to the ISI introduced by a too short CP.

Furthermore, comparing to case 1 in the section above, split symbol seems to be the preferred choice for short PUSCH scenarios.
Proposal 1: In short PUCCH, short PUSCH scenarios, consider to use split symbol also for the short PUSCH.
3 Conclusion

In this paper we show UL short PUSCH simulation results in case short PUCCH using split symbol is used. We investigated two different cases
· Case 1: Only the short PUCCH is spilt symbol. In this case the short PUCCH and the short PUSCH is non-orthogonal and hence there might be a need for a guard band of N-sub carriers in between the short PUCCH and the PUSCH. 

· Case 2. The entire last PUSCH symbol is split symbol. In this case there is no orthogonality problem between the PUSCH and PUCCH information, however, the short PUSCH may suffer from performance loss due to the shorter cyclic prefix. 

We observed the following from the simulation results

Observation 1: For case 1, using small guard-band, no loss can be seen for low SNRs, however a considerable loss in short PUSCH performance can be seen for high SNRs. Hence case 1 seems overall to give a too large performance loss to be acceptable.  
Observation 2: For case 2, using split OFDM symbol also for the short PUSCH there is no performance degradation compared to ideal case, in case of a short delay spread channel.
Observation 3: For case 2, in case using split symbol in the UL OFDM symbol, in short PUSCH, short PUCCH scenarios, performance impact is only seen for the highest SNRs for large delay spread channels and that is due to the ISI introduced by a too short CP.
Based on the observation made in section 2 we propose the following: 

Proposal 1: In short PUCCH, short PUSCH scenarios, consider to use split symbol also for the short PUSCH.
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