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Introduction
[bookmark: _Ref465589377][bookmark: _Ref462669569]In RAN1#88 [1] and RAN1#88bis [3], the following agreement has been made for uplink transmit diversity for DFT-S-OFDM based data channel
· For DFT-S-OFDM, following schemes can be candidates for UL diversity schemes for UL data: CDD, precoder cycling, antenna port switching, SFBC, and STBC.
· RAN1 should down select them in WI phase.
· FFS the corresponding spec impact (if any)

· For DFTsOFDM in data channel, the following schemes are candidates for transmit diversity:
· Low PAPR Alamouti-based transmit diversity applied in frequency or time domain, transparent transmit diversity (e.g. short delay CDD, panel selection), time domain beam/precoder cycling

The transmit diversity schemes for PUCCH and CP-OFDM based PUSCH are not decided yet. Even for the DFT-S-OFDM based PUSCH channel, RAN1 still needs to down select transmit diversity scheme from five proposals. 
In this contribution, the diversity scheme for PUCCH channels are discussed. 
The PUCCH channel utilizes DFT-S-OFDM waveform to improve the performance for cell edge users which are link budget limited. A transmit diversity scheme which can explore the Tx diversity while maintain low PAPR DFT-S-OFDM waveform at the same time is definitely desirable to increase the coverage of PUCCH channel. However, not all transmit diversity schemes can maintain low PAPR waveform. For example, the traditional SFBC transmit diversity scheme, which applies space frequency block coding over two adjacent frequency tones, cannot be applied to PUCCH, because the generated waveform with SFBC is not single carrier anymore. 
In LTE, SORTD (space orthogonal resource transmit diversity) is adopted for PUCCH. SORTD scheme utilizes two PUCCH resources to transmit signals from two antennas. Therefore, SORTD can maintain the single carrier waveform for PUCCH. However, SORTD requires twice the amount of PUCCH resources to achieve transmit diversity. 
In this contribution, for PUCCH with DFT-S-OFDM waveform, we focus on the transmit diversity schemes that can maintain good PAPR properties. Specifically, a scheme of STBC before DFT is proposed for PUCCH transmit diversity. The proposed virtual split STBC before DFT scheme has the following advantages over other diversity schemes
· maintains the single carrier waveform
· works with any number of OFDM symbols
· does not increase PUCCH resource consumption
· achieves full diversity gain
· Alamouti receiver processing can be done in frequency domain rather than time domain for simplicity.

In this contribution, we discuss the transmit diversity scheme for PUCCH. 
[bookmark: _Ref471311961][bookmark: _Ref471567436][bookmark: _Ref474166986]Diversity Schemes for PUCCH
For short/long PUCCH with UCI 1 or 2 bits payload, it is agreed to be a sequence based transmission. For sequence based transmission, we can consider SORTD which is already adapted in LTE as a baseline.
For short PUCCH with UCI more than 2 bits payload, we have only 1 or 2 OFDM symbols. Pilot overhead to estimate channels from multiple transmit antenna ports can overwhelm the diversity gain from non-transparent schemes. Therefore, it is reasonable to adapt transparent scheme for short PUCCH with more than 2 bits payload.
Proposal 1: For short/long PUCCH with 1 or 2 bits payload, consider SORTD for the transmission diversity scheme.
[bookmark: _GoBack]Proposal 2: For short PUCCH with more than 2 bits payload, transmission diversity scheme is not explicitly supported in specification.
 Therefore, in the rest of this contribution, we focus on long PUCCH with more than 2 bits payload. For long PUCCH with more than 2 bits payload, we propose the SC-STBC with Virtual Split which is described in [4].
Table 2‑1. Proposed Transmission Diversity Schemes for PUCCH
	
	Transmission Diversity Scheme

	Long PUCCH with more than 2 bits payload
	SC-STBC with Virtual Split

	Short PUCCH with more than 2 bits payload
	Transparent Scheme

	Short/Long PUCCH with 1 or 2 bits payload
	SORTD



Virtual Split SC-STBC for Long PUCCH
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[bookmark: _Ref490239747]Figure 2‑1. Virtual Split SC-STBC scheme for long PUCCH
Since only small number of RBs are allocated for long PUCCH, antenna diversity schemes are required to guarantee enough transmission diversity. 
While naïve STBC over multiple OFDM symbols can guarantee the optimal Alamouti coding and low PAPR waveform, it is limited to only even number of data symbols or require a special handling on an orphan symbol when the number of data symbols is odd. Therefore, as a simplified and unified design valid for both odd and even data symbols, it is preferable to use the virtual split STBC scheme which can apply Alamouti coding regardless of the number of data symbols.
Figure 2‑1 shows the virtual split STBC scheme for long PUCCH. Each data symbols are virtually split into two parts and Alamouti coding is applied across two virtually split symbols. We refer [4] for the details of virtual Split SC-STBC transmitter and receiver design, and discussion of its advantages. 
Simulation Results for Virtual Split SC-STBC
In this section, we compare the link level performance of the different diversity schemes for long PUCCH with more than 2 bits payload. Together with SC-STBC, SC-SFBC, non-transparent precoder cycling and SD-CDD schemes are considered. For the details of the diversity schemes, we refer [4].
The simulation parameters are summarized in Table 2‑2. As shown in Figure 2‑1, there are total 10 OFDM symbols (2 DMRS and 8 data) where the frequency hopping is introduced at the middle. 
[bookmark: _Ref478045626]Table 2‑2. Simulation parameters for long PUCCH diversity schemes
	Parameters
	Settings

	PUCCH duration
	10 symbols 

	RS/UCI MUX
	TDM
(2 RS symbol, 4 UCI symbol with Freq hopping)

	PUCCH bandwidth
	12 tones

	UCI code rate
	1/2, 1/8 TBCC

	Modulation
	QPSK

	Channel estimation
	Realistic (MMSE)

	FFT size
	2048

	CP length
	4.6uS

	Subcarrier Spacing
	15kHz

	Antenna Configuration
	2 Tx, 2 Rx 

	Channel model
	TDL-C with 30ns RMS delay

	Added delay for SCDD
	2.77uS
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[bookmark: _Ref490239887]Figure 2‑2. TDL-C, 30ns delay spread, 2T2R, QPSK, Rate=1/8, 1 RB allocation, Freq hopping at the middle
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[bookmark: _Ref490239889]Figure 2‑3. TDL-C, 30ns delay spread, 2T2R, QPSK, Rate=1/2, 1 RB allocation, Freq hopping at the middle

Figure 2‑2 and Figure 2‑3 shows the BLER for different coding rates of 1/2 and 1/8. We can observe that non-transparent diversity schemes show 1-2 dB gain to transparent ones.
Observation 1: Non-transparent diversity schemes provides 1-2 dB gain compared to transparent diversity schemes.
Therefore, we propose virtual split STBC as a diversity scheme for long PUCCH with more than 2 bits payload. 
Proposal 3: For long PUCCH with more than 2 bits payload, adopt virtual split SC-STBC for the transmission diversity scheme regardless of its duration.
[bookmark: _Ref463027406][bookmark: _Ref471331287][bookmark: _Ref471548674][bookmark: _Ref478027947][bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
In this contribution, we discussed virtual split STBC scheme as a transmit diversity scheme for PUCCH, and observed that the virtual split STBC can be applied to PUCCH regardless of its duration.
Observation 1: Non-transparent diversity schemes provides 1-2 dB gain compared to transparent diversity schemes.
Therefore, we propose the following for PUCCH transmit diversity scheme. 
Proposal 1: For short/long PUCCH with 1 or 2 bits payload, consider SORTD for the transmission diversity scheme.
Proposal 2: For short PUCCH with more than 2 bits payload, transmission diversity scheme is not explicitly supported in specification.
 Proposal 3: For long PUCCH with more than 2 bits payload, adopt virtual split SC-STBC for the transmission diversity scheme regardless of its duration.
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