Page 1
[bookmark: _Ref462675860]3GPP TSG RAN WG1 NR Ad-Hoc#2 	R1-1711193
June 27h - 30th, 2017
Qingdao, China

[bookmark: Source]Agenda item:	5.1.3.2.3
Source: 	Qualcomm Incorporated
Title: 	Transmit diversity for PUCCH
[bookmark: DocumentFor]Document for:	Discussion/Decision
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 and PUSCH channels are discussed. We address the diversity for PUCCH channel first, followed by the discussion on diversity scheme for PUSCH channel. 
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 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]Virtual Split STBC for PUCCH
In this section, we will describe virtual split STBC scheme as a unified diversity scheme for PUCCH in all three different scenarios: (1) Short PUCCH with one symbol duration (2) Short PUCCH with two symbol duration (3) Long PUCCH.
STBC for Short PUCCH with One symbol duration
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[bookmark: _Ref485382282]Figure 1. Virtual Split STBC scheme for Short PUCCH with One symbol duration
The virtual split STBC scheme for short PUCCH with one symbol duration is shown in Figure 1. Unlike the multiple-symbol case shown in [4], we cannot allocate a separate symbol for DMRS. Therefore, one symbol is separated into three virtual split symbols, where the first split symbol is used for DMRS and the remaining two symbols are used for data with Alamouti coding. The second and third split symbols containing data is identical to those in one symbol duration case. The pilot sequence in the first split symbol will be shifted by half of its length across the antennas, which corresponds to applying OCC in frequency domain. Therefore, the channels from both antennas can be estimated based on the first split symbol.
Short PUCCH with Two symbol duration
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Figure 2. Virtual Split STBC scheme for Short PUCCH with One symbol duration
Virtual split STBC scheme for short PUCCH with two symbol duration is shown in Figure 2. For non-time-sensitive UCI, the encoded UCI is distributed over two symbols. The transmission of each symbol follows the virtual split STBC scheme for single symbol shown in Figure 1.
STBC for Long PUCCH
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[bookmark: _Ref485382283]Figure 3. Virtual Split STBC scheme for long PUCCH
Since the allocated RB in long PUCCH is small and the DMRS overhead is lower than short PUCCH, we can expect even larger antenna diversity gain from STBC compared to other transparent diversity schemes. 
However, the main drawback of naïve STBC is that it requires even number of data symbols which may not always hold. 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 as short PUCCH regardless of number of data symbols.
Figure 3 shows the virtual split STBC scheme for long PUSCH. Each data symbols are processed as the data symbol in Figure 1. Therefore, each symbol can be demodulated independently without buffering previous data symbols, which should have stored in naïve STBC scheme. 
Based on the above discussion, we can conclude that virtual split STBC can be applied to PUCCH regardless of its duration. Therefore, we propose the following for PUCCH transmit diversity scheme.
Proposal 1: For PUCCH with DFT-s-OFDM waveforms, adopt virtual split 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.
Therefore, we propose the following for PUCCH transmit diversity scheme. 
Proposal 1: For PUCCH with DFT-s-OFDM waveforms, adopt virtual split STBC for the transmission diversity scheme regardless of its duration.
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