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1 Introduction

At the RAN1#88bis meeting, the following agreements were made on transmit diversity scheme for long PUCCH [1]:

· For DFT-s-OFDM in long-PUCCH, 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), time domain beam/precoder cycling or SORTD
· FFS: for which PUCCH format and/or payload size
· Other schemes with low PAPR are not precluded.
· Companies proposing a certain transmit diversity scheme are encouraged to jointly propose PUCCH structure and the transmit diversity scheme.
At the RAN1 Adhoc#2 meeting, the following was agreed for short PUCCH with up to 2 bits UCI [2]:

· Working assumption:

· For short-PUCCH with UCI of up to 2 bits (with/without SR), option 4 is supported

· No more short-PUCCH format is supported for short-PUCCH in the WID scope.

Further, the following agreements were made regarding long PUCCH with up to 2 bits UCI [2]:

· For a long PUCCH with up to 2 bits UCI:

· Working assumption:

· DMRS always occurs in every other symbols in the long PUCCH

· FFS: even or odd symbols

· The working assumption can be revisited if an issue is found in terms of transient period.
· The DMRS symbol(s) are formed as follows:

· DMRS for a PUCCH is a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain with Orthogonal Cover Code (OCC) in time.

· Note: The data symbols are formed as the following:

· The modulated UCI bit(s) is multiplied with a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain with Orthogonal Cover Code (OCC) in time.

· BPSK and QPSK modulations for 1 and 2 UCI bits, respectively.

· Note: The usage of OCC for DMRS and UCI symbols is effectively disabled for differentiation of the users that are assigned with the same OCC.

In addition, the following agreements were made with regard to long PUCCH with large UCI payload [2]:
· For a PUCCH format for UCI with large payload with no multiplexing capacity within a slot:

· The DMRS and UCI are mapped to different symbols.

· For intra-slot frequency-hopping, one or two DMRS symbol(s) is/are mapped on each frequency-hop of the long-PUCCH.

· Opt.1: one DMRS per frequency-hop

· The location is around the middle of the frequency-hop 

· Opt.2: one or two DMRS per frequency-hop

· FFS: the location of the DMRS symbol(s)

· The DMRS symbol(s) are formed as follows:

· DMRS for a PUCCH is a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain.

· Working assumption:

· The symbols carrying UCI are formed as follows:

· The UCI bits are encoded and scrambled, QPSK modulated and DFT pre-coded and mapped to the REs for the symbols carrying UCI of the long PUCCH

In this contribution, we present our view on transmit diversity (TxD) schemes for NR PUCCH.  

2 TxD scheme for short PUCCH with up to 2 bit UCI
For UEs equipped with multiple transmit antennas or subarrays, multi-antenna transmission scheme can be employed to further improve link budget and coverage for UL control channel. In LTE, Spatial Orthogonal-Resource Transmit Diversity (SORTD) was adopted as TxD scheme for PUCCH PF1/1a/1b/2/3. The basic principle for the SORTD is to employ orthogonal resources in time, frequency or code domain in different antenna ports (AP) for the transmission of uplink control channel. When employing the SORTD, additional diversity gain can be achieved at the cost of doubling PUCCH resources. For instance, two distinct cyclic shifts of CAZAC sequences can be utilized with two transmit antennas for the transmission of UL control channel. 
As agreed in RAN1 Adhoc#2 [2], sequence selection based option is adopted for short PUCCH carrying up to 2 bits UCI. More specifically, independent resources in the frequency or code domain can be assigned to carry HARQ-ACK feedback or SR. For this short PUCCH structure, gNB may perform simple energy detection to differentiate HARQ-ACK or SR and thus leads to reduced receiver complexity. 
For NR, SORTD can be supported as TxD scheme for short PUCCH. As shown in Figure 1, different cyclic shifts of length-12 CAZAC sequences on different APs can be employed for the sequence for short PUCCH when employing the SORTD scheme. 
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Figure 1. SORTD for short PUCCH with up to 2 bits UCI

 Proposal 1
· For short PUCCH carrying up to 2 bits UCI, SORTD is supported.
3 TxD scheme for short PUCCH with more than 2 bit UCI
For short PUCCH with more than 2 bit UCI, FDM of DM-RS and UCI is supported in NR. In this case, as CP-OFDM is adopted as waveform, it is natural to apply SFBC as TxD scheme of short PUCCH carrying relatively large payload size. For two APs case, Alamouti code is performed across two adjacent subcarriers for SFBC construction. 
Figure 2 illustrates candidate DM-RS pattern and TxD scheme for 1 symbol short PUCCH carrying more than 2 bits UCI. Note that it was agreed in the RAN1 #89 meeting that DM-RS overhead of 1/3 is supported for FDM of DM-RS and UCI [3]. In the figure, DM-RS for these two APs is multiplexed in a CDM manner, i.e., different OCCs in frequency are applied. It should be noted that FDM of different APs for DM-RS can also be considered. 

Support of SFBC with more than two APs may need further investigation with considerations of channel estimation performance and transmit diversity it can provide. Alternatively, it may be realized by antenna virtualization, e.g., mapping from more than two physical antennas to two APs. In this case, maximum number of APs to support TxD scheme of short PUCCH can be specified as 2. 
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Figure 2. DM-RS pattern and TxD scheme for 1 symbol short PUCCH with more than 2 bits UCI
Proposal 2
· For short PUCCH carrying more than 2 bits UCI, SFBC is supported.
4 TxD scheme for long PUCCH with up to 2 bit UCI
For NR, it was agreed that for long PUCCH, 1 or 2 bit HARQ-ACK by BPSK or QPSK modulation is repeated in time domain and multiplied with sequence. In addition, front-loaded and distributed DM-RS pattern is supported. Note that the number of symbols for long PUCCH in a slot can be {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14}.  
Various options can be considered for TxD scheme of long PUCCH with up to 2 bit UCI. One potential solution is to employ STBC across SC-FDMA symbols. This option, however, may not be desirable as it may introduce orphan symbol due to pairing of SC-FDMA symbols for STBC construction, especially when considering a wide range of transmission duration for long PUCCH. In case when odd number of symbols are allocated for UCI transmission, STBC scheme may not be directly applied for unpaired symbol, which would reduce diversity gain. 
Alternatively, similar to short PUCCH carrying up to 2 bit UCI, SORTD can be considered for long PUCCH. More specifically, distinct cyclic shifts or OCC codes can be employed for different APs to construct SORTD. Considering the potential orphan symbol issue for STBC, it may be more appropriate to adopt SORTD as TxD scheme for long PUCCH with up to 2 bit UCI. 
Proposal 3
· For long PUCCH carrying up to 2 bits UCI, SORTD is supported.

5 TxD scheme for long PUCCH with more than 2 bit UCI
As agreed in RAN1 Adhoc#2 [2], for long PUCCH carrying UCI with large payload with no multiplexing capacity within a slot, PUSCH like structure based on DFT-s-OFDM waveform is adopted, where the UCI bits are encoded and scrambled, QPSK modulated and DFT pre-coded and mapped to the REs for the symbols carrying UCI of the long PUCCH. 
To minimize the specification and implementation effort, it may be beneficial to align TxD scheme for PUSCH with DFT-s-OFDM based waveform and long PUCCH with more than 2 bit UCI. As described in our companion contribution [4], time domain precoder/beam cycling based TxD scheme was proposed for PUSCH with DFT-s-OFDM waveform. As shown in Figure 3, for multi-beam operation, with the assistance of DM-RS symbol in each sub-slot, two beam pair links (BPLs) can be employed in time domain, which can help to cover certain Tx/Rx beam directions. Further, for single beam operation, different precoders can be employed in these two sub-slots for the transmission of long PUCCH. 
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Figure 3. Time domain beam cycling for long PUCCH with more than 2 bit UCI
Note that other candidate TxD schemes including SFBC and STBC were analyzed in [4] for PUSCH with DFT-s-OFDM waveform. More specifically, SFBC may not be preferred due to PAPR increase for DFT-s-OFDM waveform, which may reduce link budget for coverage limited UEs. For STBC, orphan symbols may be introduced depending on transmission duration of long PUCCH. Further, based on system level evaluation results, it can be observed that time domain precoder cycling can deliver better performance than SFBC under interference limited scenario [5]. Hence, taking into account the potential drawbacks for STBC and SFBC, it may be more appropriate to adopt time domain precoder/beam cycling as TxD scheme for long PUCCH carrying more than 2 bits UCI. 
Proposal 4
· For long PUCCH carrying more than 2 bits UCI, same TxD scheme as PUSCH with DFT-s-OFDM waveform (e.g., time domain precoder/beam cycling) is supported.
6 Conclusions

In this contribution, we shared our view on transmit diversity schemes for NR PUCCH. Based on the discussions, we summarize our views through the following proposals:
Proposal 1
· For short PUCCH carrying up to 2 bits UCI, SORTD is supported.
Proposal 2
· For short PUCCH carrying more than 2 bits UCI, SFBC is supported.
Proposal 3
· For long PUCCH carrying up to 2 bits UCI, SORTD is supported.

Proposal 4
· For long PUCCH carrying more than 2 bits UCI, same TxD scheme as PUSCH with DFT-s-OFDM waveform (e.g., time domain precoder/beam cycling) is supported.
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