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1 Introduction

In 3GPP RAN1#86b meeting [1], uplink control channel design was discussed and the followings were agreed:
· At least two ways of transmissions are supported for NR UL control channel

· UL control channel can be transmitted in short duration

· around the last transmitted UL symbol(s) of a slot
· For UL control channel in short duration,

· 1 symbol duration of a slot is supported.
· FFS: a few symbol duration of a slot is supported.
· NR should support both data and control with the same numerology

· Study impact and benefits of allowing the transmission of DL control information and data transmission to a UE within the same slot interval using different numerologies in TDM or FDM manner
· Above may apply both slot and mini-slot
· Study impact and benefits of allowing the transmission of uplink control information and data transmission from a UE within the same slot interval using different numerologies in TDM or FDM manner
· Above may apply both slot and mini-slot
Based on the previous agreements, one OFDM symbol PUCCH is supported in the short duration PUCCH case, so this contribution will discuss one OFDM symbol PUCCH design, and provide the potential solutions on how the RS and control RE multiplexed/transmitted in one symbol. In addition, the contribution will analyze 2-symbol PUCCH with splitting by increasing subcarrier spacing.
2 Discussion
2.1 One-symbol PUCCH Design
Since there is only one symbol to transmit UCI and RS, TDM scheme between UCI and RS is precluded.  Considering supporting more flexibility of UCI payload size, FDM scheme between UCI and RS is preferred. A straightforward of FDM scheme is that UCI and RS are interlaced in one symbol without any special handling, which is shown in Figure 1.
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Figure 1. FDM scheme without low PAPR 

But obviously, the single carrier property is broken in this transmission scheme, which makes low PAPR cannot be kept. The simulation result can verify the analysis: the PAPR of FDM scheme without low PAPR is compared to the scheme of single channel with DFT-S-OFDM
, which is shown in Table 1. The loss of FDM scheme without low PAPR is about 1.6dB.  The detailed simulation assumptions can be found in the appendix Table 3.
Table 1. PAPR comparison of FDM scheme without low PAPR & single channel with DFT-S-OFDM
	
	single channel with DFT-S-OFDM
	FDM scheme without low PAPR

	99.9% PAPR
	7 dB
	8.6 dB


Although low PAPR optimization of FDM scheme in one OFDM symbol is very challenging, it is preferred since the coverage of one symbol PUCCH can be enhanced to the best. In order to achieve this purpose, the following transmission scheme could be considered: 

Firstly, RS sequence and UCI should both keep low PAPR property: Zadoff-Chu sequences or computer generated sequences for RS sequence; DFT-S-OFDM transmission scheme or low PAPR sequence(s) for UCI. Then, multiplexed RS signal and UCI streams are separately mapped to multiple orthogonal frequency resources. In addition, in order to ensure TDM in time domain, repetition and phase rotation in frequency domain is implemented.
An example is shown in Figure 2(a) & 2(b), wherein sequence {qr}r=1,2,…,2K of the first multiplexed signal stream is constructed by the cyclically repetition of a K-length base sequence {ci}i=1,2,…,K. While for sequence {pr}r=1,2,…,2K of the second multiplexed signal stream. Besides, a cyclically repetition of a K-length base sequence {di}i=1,2,…,K, an additional phase rotation term (
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) is further imposed to each element, which is shown in Figure 2(b). 
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Figure 2. An illustration of comb like frequency division with repetition and phase rotation

After IFFT transformation, cyclically repetition will make signal stream 1&2 are both transformed into comb signal in time domain, then phase rotation on signal stream 2 will make signal stream 1&2 are interlaced with each other in time domain as shown in Figure 3. 
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Figure 3. Time domain signals of FDM scheme with low PAPR

Considering that each signal stream can keep low PAPR property, thereby, the interleaved transmission of multiple signal streams can still guarantee the low PAPR property. The performance evaluation of FDM scheme with low PAPR is given in Table 2. From the simulation results, it can be seen that the PAPR of FDM scheme with low PAPR is better than the FDM scheme without low PAPR, and is similar to the PAPR of single channel with DFT-S-OFDM. The detailed simulation assumptions can be found in the appendix Table 3.
Table 2. PAPR comparison of single channel with DFT-S-OFDM, FDM scheme with & without low PAPR
	
	single channel 
with DFT-S-OFDM
	FDM scheme 
with low PAPR
	FDM scheme 
without low PAPR

	99.9% PAPR
	7 dB
	7 dB
	8.6 dB


Besides PAPR, SINR operation point of transmission scheme will impact the coverage also. To analyze the coverage of proposed scheme completely, we simulated SINR operation point of two FDM schemes. 
· Transmission scheme 1:  FDM scheme without low PAPR
· Transmission scheme 2:  FDM scheme with low PAPR
In the simulation, both schemes use 24 subcarriers and 1 symbol to carry 1bit and 2 bits ACK/NACK. As shown in Figure 4, the results show that the SINR operation point of two transmission schemes are similar: for 1bit case, SINR operation points are about 3 dB; for 2 bits case, SINR operations point are about 5 dB. The detailed simulation assumptions can be found in the appendix Table 4.
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Figure 4. Simulation results of SINR operation point: (a) 1bit (b) 2bits

Based on the above discussions of FDM scheme with low PAPR, we have the following proposal:   

Proposal 1: FDM scheme for the multiplexing of short duration UCI and its associated DMRS in one symbol can be considered, and the transmission scheme should support low PAPR design.
2.2 Two-symbol PUCCH with splitting 
Based on the agreements in RAN1#86bis, NR should support both data and control with the same numerology, and should study the impact and benefits of allowing the transmission of UL control information and data transmission from a UE within the same slot interval using different numerologies. At previous meeting, for this issue, the discussion focused on using larger SCS for control channel than that for data channel due to its shorter HARQ acknowledgment processing time and potential lower GP overhead. Therefore, the impact and benefits of using larger SCS for PUCCH than that for data channel are studied in this section.
· TDD GP analysis
One discussed benefit of using larger SCS for control channel and GP than that for data channel is larger SCS and shorter symbol duration for GP can save GP overhead. However, TDD DL-UL GP depends on not only the transmitter switching time and cell coverage but also the cross-link interference among different sites as shown in Figure 5. And, similar as in LTE, TDD UL-DL GP can share the duration of DL-UL GP with proper timing advance. For the LTE-TDD deployment scenarios, the traditional GP is 2 OFDM symbols, which is about 142us. With the configuration, there is no cross-link interference among different sites with ISD shorter than about 42km. When the ISD is longer than 42km, the cross-link interference is limited. Then, whether larger SCS and shorter symbol duration for GP can save GP overhead should be further studied considering cross-link interference among different sites.
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Figure 5. TDD gap for cross-link interference
· Processing time and limitation for resource usage of data channel

Another discussed benefit of using larger SCS for control channel than that for data channel is larger SCS with shorter symbol duration can save processing time for acknowledgment reporting to enable fast retransmission using pipeline processing approach. For slot level scheduling, since the HARQ processing time is slot level in LTE and the saved processing time may be symbol level as shown in Figure 6, the benefit of larger SCS for control channel than that for data channel on fast retransmission can be further evaluated accurately. 
Using larger SCS for UL control channel to reach fast retransmission, the position of pilot is restricted to be in front of the position of acknowledgment reporting in time domain without flexibility as shown in Figure 6. The limitation for RS design may increase RS overhead with RS across the whole band. 

Furthermore, if we want to ensure the orthogonality in frequency domain between UL control channel and data channel, data channel and UL control channel should be located in different symbols, which will decrease the available resource for data channel. Unless, different numerologies for data channel and control channel can be multiplexed by FDM in the same symbol.
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Figure 6. UL acknowledge reporting time comparison with different numerology for DL control channel
· UE complexity

When different numerologies for data channel and control channel are multiplexed by TDM, UE should support different numerologies within one slot with FFT processing unit switching. When different numerologies for data channel and control channel are multiplexed by FDM, UE should support two FFT processing unit simultaneously. Compared with the same numerology for data channel and control channel, different numerologies for data channel and control channel potentially increase UE complexity.
· Performance

The performance evaluation of UL control channel can be studied from the following aspects:

· MCS: modulation mode and code rate. Enlarging SCS while keeping the same CP overhead, the CP length will become shorter. Even shorter CP length is less sensitive for QPSK which has been used for UL control channel in LTE than higher MCS, one should also explore the possibility to use higher MCS other than QPSK for control channel with lower control overhead for deployment scenarios with high SNR potentially, e.g., indoor hotspot, dense urban [1]. Then, the impact of larger SCS on DL control channel should be evaluated with more possible MCS.
· Waveform: DFT-S-OFDM and CP-OFDM. It has been agreed that NR Support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz [1].  Further discussion on waveform for uplink control channel is needed.
· Real Channel estimation (CE). If ZC sequence is used as reference signal for UL control channel as in LTE, the channel can be considered as coherent within 1 RB in frequency domain to remain orthogonal of different ZC sequences. Using larger SCS, the RB bandwidth is wider than smaller SCS, if the coherent bandwidth is narrower than the RB bandwidth of the larger SCS, the channel estimation accuracy will degrade. Then, the impact of larger SCS for UL control channel than data channel on the performance should be evaluated with real CE.  
· limitation for resource usage of data channel
· Limitation for RS: Using larger SCS for PUCCH to reach fast retransmission, the position of pilot is restricted to be in front of the position of acknowledgment reporting in time domain without flexibility as shown in Figure 6. 
· Limitation for control channel: Furthermore, if we want to ensure the orthogonality in frequency domain between PUCCH and data channel and PUCCH with splitting across the whole band, PUCCH and data channel should be located in different symbols, which will decrease the available resource for data channel compared with using same numerology for data channel and PUCCH. Unless, different numerologies for data channel and control channel can be multiplexed by FDM in the same symbol.
Proposal 2: Further study the benefits of short duration PUCCH design for two symbols with splitting.
3 Conclusion
In this contribution, one OFDM symbol PUCCH design is given. Based on above discussions, following observations and proposals are given. 
Proposal 1: FDM scheme for the multiplexing of short duration UCI and its associated DMRS in one symbol can be considered, and the transmission scheme should support low PAPR design.
Proposal 2: Further study the benefits of short duration PUCCH design for two symbols with splitting. 
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Appendix
Table 3. Simulation parameters

	Parameter
	Value

	Scheme
	Single channel with DFT-S-OFDM
	FDM scheme without low PAPR
	FDM scheme with PAPR

	FFT size
	2048
	2048
	2048

	System bandwidth
	20MHz
	20MHz
	20MHz

	Subcarrier number
	12 REs
	12 REs
	48 REs

	Modulate scheme
	QPSK
	QPSK
	QPSK

	Iteration number
	100000
	100000
	100000


Table 4. Simulation assumption of link simulation
	Parameter
	Value

	Scheme
	1bit
	2bit

	FFT size
	2048
	2048

	System bandwidth
	20MHz
	20MHz

	sampling frequency
	30.72MHz
	30.72MHz

	Subcarrier number
	24 REs
	24 REs

	Modulate scheme
	BPSK
	QPSK

	Iteration number
	30000
	30000

	Channel environment
	TDL_C
	TDL_C

	Delay time
	300ns
	300ns

	UE speed
	30 Km/h
	30 Km/h

	Carrier frequency
	2GHz
	2GHz

	Number of Tx
	1
	1

	Number of Rx
	2
	2

	CP-length
	Normal
	Normal


� This transmission scheme means UCI is modulated into one OFDM symbol with DFT-S-OFDM waveform
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