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1. Introduction

In RAN1 #88bis meeting [1], following agreements were made for transmit diversity for UL control channel in NE.
	Agreements:
· For DFTsOFDM 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.


In this contribution, we discuss and provide our views on transmit diversity for UL control channel in NR (denoted as “NR-PUCCH” hereafter).
2. Discussion
2.1. Transmit diversity for 1-symbol NR-PUCCH for up to 2 UCI bits
Since it was agreed to support option 4 (sequence selection based) for 1-symbol NR-PUCCH for up to 2 UCI bits as a working assumption, SORTD would be the only scheme to support transmit diversity for this PUCCH type. If the SORTD is applied, UE can transmit multiple NR-PUCCH resource(s) (e.g., multiple sequence(s)) using different antenna port per NR-PUCCH resource. Moreover, considering that multiple OFDM symbols can be assigned for short NR-PUCCH transmission, NR-PUCCH resources (e.g., sequences) for SORTD can be multiplexed by TDM on top of FDM/CDM in a same slot. For example, sequence 1 (with antenna port 0) and sequence 2 (with antenna port 1) can be transmitted in the 1st symbol and 2nd symbol, respectively. In this case, power adjustment between two antenna ports can be further considered.
Proposal #1: For 1-symbol NR-PUCCH for up to 2 UCI bits, SORTD is supported.

· Sequences for SORTD resource can be multiplexed by TDM/FDM/CDM in a slot
2.2. Transmit diversity for 1-symbol NR-PUCCH for more than 2 UCI bits
For 1-symbol NR-PUCCH for more than 2 UCI bits, resource efficient transmit diversity scheme should be considered since the number of allocated RBs can be large (e.g., 8 RBs) when carrying large UCI payload size. Therefore, unlike the 1-symbol NR-PUCCH for up to 2 UCI bits, SORTD which achieves transmit diversity gain at a cost of multiple resources, may not be a proper scheme for 1-symbol NR-PUCCH for more than 2 UCI bits. Moreover, since frequency diversity can be already achieved by distributed resource mapping, large or small delay CDD, which provides frequency diversity gain, may not be proper too. In this perspective, SFBC with frequency domain RE paring and/or DM-RS based precoder cycling can be considered as potential transmit diversity schemes for 1-symbol NR-PUCCH for more than 2 UCI bits.
If SFBC is supported, how to design multi-port DM-RS resources is to be considered. One solution is to reuse design principles of NR-PUSCH DM-RS which is already agreed in RAN1 Ad-Hoc#2 [2]. Similar to NR-PUSCH DM-RS, DM-RS ports for 1-symbol NR-PUCCH can be multiplexed by CDM (e.g., different CS or FD-OCC) or FDM as described in our companion contribution [3]. Figure 1 shows an example when SFBC is applied to 1-symbol NR-PUCCH for more than 2 UCI bits with DM-RS density of 1/3 and DM-RS ports are multiplexed by CDM or FDM.
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Figure 1: SFBC with DM-RS ports multiplexed by CDM or FDM
Proposal #2: For 1-symbol NR-PUCCH for more than 2 UCI bits, the following transmit diversity schemes are considered as candidates:
· SFBC / precoder cycling
2.3. Transmit diversity for 2-symbol NR-PUCCH
Transmit diversity scheme can also be considered for 2-symbol NR-PUCCH transmission. Since 2-symbol NR-PUCCH is composed of two 1-symbol NR-PUCCHs, the following three options can be considered as candidate transmit diversity scheme in general.

· Option 1: Apply transmit diversity scheme for 1-symbol NR-PUCCH per symbol
· Option 2: Apply STBC scheme over 2 symbols
· Option 3: Apply antenna switching over 2 symbols

As described in the above sections, transmit diversity schemes for 1-symbol NR-PUCCH can be SORTD for up to 2 UCI bits, and SFBC or precoder cycling for more than 2 UCI bits, respectively. When Option 1 or Option 2 is applied to 2-symbol NR-PUCCH for more than 2 bits, DM-RS ports can be multiplexed by FDM/CDM per symbol or can be multiplexed by CDM (with length-2 TD-OCC)/TDM over 2 symbols. Option 2 has a limitation that it can be only applicable for 2-symbol NR-PUCCH without frequency hopping while frequency hopping can be still applicable with Option 1 (i.e., transmit diversity per symbol). For Option 3, UCI can be repeated over 2 symbols or can be distributed over 2 symbols. The former case (e.g., Option 3 with UCI repetition) can be seen as SORTD of 1-symbol NR-PUCCH with NR-PUCCH resources multiplexed by TDM.
Proposal #3: For 2-symbol NR-PUCCH, the followings can be considered for transmit diversity:
· Option 1: Apply transmit diversity scheme for 1-symbol NR-PUCCH per symbol

· Option 2: Apply STBC scheme over 2 symbols
· Option 3: Apply antenna switching over 2 symbols

2.4. Transmit diversity for long NR-PUCCH
In RAN1#88bis meeting, it was agreed to consider SORTD, time domain precoder cycling, CDD, STBC, or low PAPR SFBC [1] as candidates for transmit diversity schemes of long NR-PUCCH.

First of all, SORTD was adopted in LTE system as the transmit diversity scheme for PUCCH format 1/2/3 due to its best performance among transmit diversity candidate schemes and minimum specification impact. Another merit of SORTD is that it is applicable to all of the PUCCH formats as long as orthogonal UL resources (in time/frequency/code domain) are available. Even though it always requires UL resources twice more than single antenna case, it may not be critical since transmit diversity scheme for long NR-PUCCH can be used by a few UEs in entire cell and whether SORTD is configured or not would be up to gNB scheduler.

In addition, time domain precoder cycling and CDD have the advantage of transparency at receiver side while these schemes cannot achieve full diversity gain. In particular, in case of precoder cycling, it could be necessary for channel estimation in receiver side to configure the periodicity (e.g., frequency hopping leg or symbol group) to switch precoding vector.

Besides, STBC and low PAPR SFBC (proposed in [4]) can achieve full diversity gain but it may be required to further investigate on those schemes. For instance, STBC has the limitation on even number of UCI symbols due to RE paring over two symbols, and thus, it is required to figure out the way of signal processing for the orphan (unpaired) symbol. For another instance, low PAPR SFBC could have an impact on BLER performance in case with large subcarrier spacing or large bandwidth for NR-PUCCH.

Proposal #4: SORTD can be considered as the baseline for transmit diversity scheme of long duration NR-PUCCH.
· FFS for other transmit diversity schemes.
3. Conclusion
In this contribution, we discussed the potential transmit diversity schemes for short/long NR-PUCCH. The proposals of this contribution are summarized as follows.
Proposal #1: For 1-symbol NR-PUCCH for up to 2 UCI bits, SORTD is supported.

· Sequences for SORTD resource can be multiplexed by TDM/FDM/CDM in a slot
Proposal #2: For 1-symbol NR-PUCCH for more than 2 UCI bits, the following transmit diversity schemes are considered as candidates:
· SFBC / precoder cycling
Proposal #3: For 2-symbol NR-PUCCH, the followings can be considered for transmit diversity:
· Option 1: Apply transmit diversity scheme for 1-symbol NR-PUCCH per symbol

· Option 2: Apply STBC scheme over 2 symbols
· Option 3: Apply antenna switching over 2 symbols

Proposal #4: SORTD can be considered as the baseline for transmit diversity scheme of long duration NR-PUCCH.
· FFS for other transmit diversity schemes.
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