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Introduction
In RAN1#90bis, the following decisions were taken regarding long PUCCH with user multiplexing:
Agreements:
· Support Pre-DFT-OCC as the UCI structure for long PUCCH for UCI of more than 2 bits with moderate payload 
· FFS:  DMRS structure between CDM and IFDM
· Considering the impact on channel estimation and power imbalance among UEs
· It will be denoted as a new format 
· Support multiplexing capacity of 2 and 4 users for long PUCCH for UCI of more than 2 bits with moderate payload using one PRB in Rel-15
· FFS design of OCC
· No RRC signaling is necessary
In addition, the following was agreed over the e-mail discussion:

For long PUCCH for UCI of more than 2 bits 
·       Confirm the 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
·       Pi/2 BPSK can be supported in addition to QPSK as a user-specific configurable modulation scheme for UCI
o   FFS whether other factors need to be considered in applying Pi/2 BPSK in addition to the configuration
·       Note: when Pi/2 BPSK is used as modulation
o   DMRS reuse length-12 sequence in R1-1718949 if it occupies 1 PRB 

In this contribution, we discuss the implications of using pre-DFT OCC with pi/2 BPSK modulation.
Pre-DFT OCC with pi/2 BPSK modulation
In case of π/2-BPSK modulation, bit  is mapped to complex-valued modulation symbol  according to
	
Figure 1 and Figure 2 show two different methods of implementing the pre-DFT OCC where the illustration is done for 4 UEs. In method 1, the data vector is repeated and each repetition of the data vector is multiplied by one coefficient from the cover code. In method 2, the cover code is repeated and each repetition of the code is multiplied by one data symbol. 
[image: ]
[bookmark: _Ref498601601]Figure 1 Method 1 of pre-DFT OCC
[image: ]
Figure 2 Method 2 of pre-DFT OCC
In pi/2 BPSK, the phase difference between consecutive modulated symbols should be pi/2. If the spreading operation is applied after pi/2 modulation (post-OCC pi/2 modulation), this phase relationship between symbols may be destroyed. To prevent this from happening, one technique is to move the pi/2 modulation to after the OCC (post-OCC) as shown in Figure3 and Figure 4 for method 1 and method 2, respectively.
[image: ]
[bookmark: _Ref498602169]Figure 3 Method 1 of pre-DFT OCC with post-OCC pi/2 modulation
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[bookmark: _Ref498602170]Figure 4 Method 1 of pre-DFT OCC with post-OCC pi/2 modulation

PAPR Analysis of pre-DFT and post-DFT pi/2 Modulation
The impact of OCC on pi/2 BPSK modulation is analysed using simulations with 2 and 4 multiplexed UEs on one resource block. The OCC codes used in the simulations are W2 = {[1 1]; [1 -1]}, and W4 = {[1 1 1 1]; [1 1 -1 -1]; [1 -1 1 -1]; [1 -1 -1 1]}. The frequency domain spectral shaping window function is shown in Figure 7. 

The PAPR of method 1 and method 2 with pre-OCC and post-OCC pi/2 modulation is shown in Figure 5 and Figure 6. We can see from these figures that post-OCC pi/2 modulation preserves the pi/2 phase continuity of the symbols before the DFT, resulting in very low PAPR. Applying pi/2 modulation before the OCC, however, results in high PAPR due to the destruction of the pi/2 phase continuity of the symbols, except for the case of 2 UEs with method 1.
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[bookmark: _Ref498602508]Figure 5 PAPR of method 1
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[bookmark: _Ref498602509]Figure 6 PAPR of method 2
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[bookmark: _Ref498603257]Figure 7 FDSS window function

Summary
In this contribution, we analysed the impact of pre-DFT OCC on pi/2 BPSK modulation. It has been shown that applying OCC on the pi/2 BPSK modulated symbols breaks the pi/2 phase continuity between consecutive symbols and increases the PAPR, defying the purpose of using pi/2 BPSK modulation. An easy solution to prevent this is to perform the pi/2 modulation after the OCC spreading. Therefore, the following is proposed:

[bookmark: _GoBack]Proposal: pi/2 modulation is done after applying the OCC on the BPSK modulated symbols.
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