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1. Introduction
RAN WG1 has sent an LS [1] to RAN4 asking feedback on the feasibility of simultaneous transmission of multiple PSFCH and the maximum value of N if feasible.
RAN1 would like to inform the following agreements on the side link HARQ feedback:
	Agreements:
· A sequence-based PSFCH format with one symbol (not including AGC training period) is supported.
· This is applicable for unicast and group cast including options 1/2.
· Sequence of PUCCH format 0 is the starting point.
· FFS: 1 PRB or multiple PRBs is/are used for this PSFCH format
· FFS: feasible number of HARQ-ACK bits, mapping of HARQ-ACK bit 
Agreements:
· For Case 1 (PSFCH TX/RX overlap),
· Select PSFCH TX or RX based on priority rule
· Priority rule is based on at least priority indication in the associated PSCCH/PSSCH.
· FFS: Other priority rule (e.g. TX/RX, cast type, HARQ state, HARQ feedback option, number of (re)transmission of PSCCH/PSSCH)
· For Case 2 (PSFCH TX to multiple UEs),
· Select N PSFCH(s) transmissions based on priority rule
· Priority rule is based on at least priority indication in the associated PSCCH/PSSCH.
· FFS: Other priority rule (e.g. cast type, HARQ state, HARQ feedback option, number of (re)transmission of PSCCH/PSSCH, collision status, etc.)
· For Case 3 (PSFCH TX with multiple HARQ feedback to the same UE),
· FFS including whether to support multiple HARQ feedback bits are multiplexed on a PSFCH, whether to apply the solution of Case 2



RAN1 discussed how many PSFCH a UE can transmit simultaneously and would like to ask RAN4 feedback on it. RAN1 also would like to inform that no conclusion is made in RAN1 regarding whether the transmit power of PSFCH transmitted at the same time is the same or not when N>1 where N refers to the number of simultaneously transmitted PSFCH(s) in the above RAN1 agreement.

This document analyses the PAPR, ACLR and SEM performance of the different PSFCH waveforms. As there are still ambiguities around the transmission of more than one PSFCH in RAN1 the analysis in this contribution focuses on single PSFCH cases and in multi-PSFCH cases where adjacent RBs are used with equal transmit power. Detailed analysis is conducted using 15kHz SCS, but single PSFCH cases are also analysed for 30 and 60kHz SCS.

2. Discussion
PSFCH signal waveform

PSFCH signals have low PAPR (Peak to Average Power Ratio) and are generated as described in section 5.2.2 of 38.211 [2]. In this contribution we analyse the TX emissions for Low-PAPR sequences with length of 12 and 24 mapped on to 1 or 2 RBs. The base sequence for each PSFCH TX is randomly selected (from 0 to 29) and cyclic shift is fixed to 0.
The PAPR characteristics for PSFCH12, PSFCH24 and PSFCH12 interleaved signals transmitted in 1 and 2 RBs is compared with QPSK CP OFDMA waveform in the Figure 1., where behaviour of QPSK signals is estimated with Chi-Square function. The 99.9% PAPR of the PSFCH signals is significantly lower than PAPR of the reference, which has also been the target for low PAPR sequences. 
The low PAPR characteristics of the PSFCH signals are expected to be less demanding for the transmitter linearity and therefore they should meet all the RF requirements defined for the CP-OFDMA waveforms. Figure 2 shows that PAPR characteristics 2 RB wide DFTS-OFDMA signal and it’s possible to see that PAPR characteristics of PSFCH signals are also lower those.
[image: ][image: ]	[image: ]
Figure 1. PAPR for PSFCH12 (in 1 RB) and PSFCH24 and PSFCH12 interleaved (in 2 RBs)
[image: ]
Figure 2. PAPR of 2RB DFTS-OFDMA signal
However, it shall be noted, that low PAPR of PSFCH signals applies only to single sequences and characteristics of multiple PSFCHs transmitted simultaneously approaches the characteristics of CP-OFDMA waveform as shown in Figure 3. The PAPR characteristics of two (2) PSFCH signals is already close to DFTS-OFDMA and ten (10) is already close to CP OFDMA waveform. The PAPR performance of the fully allocated PSFCH signal is a bit worse than the reference at low probability part of the curve, which can be explained by coherent summation of the randomly selected PSFCH sequences with cyclic shift fixed at 0.
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Figure 3. PAPR of 2, 10 and 106 PSFCH signals transmitted simultaneously with 15kHz SCS.

Spectrum emission mask simulations

The spectrum emission mask performance of the PSFCH signals is analysed using simulator model for UE transmitter that includes full TX chain and implements about -30dBc performance for both LO and IMAGE. The operating point of the transmitter is adjusted in a way that 30dB ACLR for full-band QPSK CP-OFDMA is met with very small margin and EVM is about 6% as shown in Figure 4. The transmitter also meets the spectrum emission mask requirements for the 1RB EDGE case with 3dB MPR as shown in Figure 5.
[image: ] 
Figure 4. Transmitter performance with full-band QPSK CP-OFDMA signal
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Figure 5. Transmitter performance with 1RB QPSK CP-OFDMA signal

Spectrum emission mask simulations for PSFCH12

The emission mask results for following waveforms is shown in Figure 6 and Figure 7.
· PSFCH12 transmitted in 1 RB
· 2x PSFCH12 transmitted in 2 adjacent RBs with equal power
· 106x PSFCH12 (full allocation) with equal power
Following observations can be made:
Observation #1: With PSFCH12 waveform the spectrum emission performance is similar or better than CP-OFDMA signal with 1 PSFCH12 signal and 2 PSFCH12 signals transmitted in adjacent RBs, but performance with high number of PSFCH12 signals is at the same level with CP-OFDMA waveform.
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[bookmark: _Ref21110676]Figure 6. PSFCH12 spectrum emission mask for 1, 2 and 106 PSFCH signals
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[bookmark: _Ref21110663]Figure 7. Spectrum of 1x PSFCH12 in 1 RB with 30 and 60kHz SCS


Spectrum emission mask simulations for PSFCH24

The emission mask results for following waveforms is shown in Figure 8 and Figure 9.
· PSFCH24 transmitted in 2 RBs
· 2x PSFCH24 transmitted in 4 adjacent RBs with equal power
· 53x PSFCH24 (full allocation) with equal power
Following observations can be made:
Observation #2: With PSFCH24 waveform the spectrum emission performance is similar or better than CP-OFDMA signal with 1 PSFCH24 signal and 2 PSFCH24 signals transmitted in adjacent RBs, but performance with high number of PSFCH12 signals is at the same level with CP-OFDMA waveform.
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[bookmark: _Ref21110710]Figure 8. PSFCH24 spectrum emission mask for 1, 2 and 53 PSFCH signals.
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[bookmark: _Ref21110695]Figure 9. Spectrum of 1x PSFCH24 in 2 RBs swith 30 and 60kHz SCS


Spectrum emission mask simulations for PSFCH12 interleaved

The emission mask results for following waveforms is shown in Figure 10 and Figure 11.
· PSFCH12 interleaved transmitted in 2 RB
· 2x PSFCH12 interleaved transmitted in 4 adjacent RBs with equal power
· 53x PSFCH12 interleaved (full allocation) with equal power
Following observations can be made:
Observation #3: With PSFCH24 waveform the spectrum emission performance is similar or better than CP-OFDMA signal with 1 PSFCH24 signal and 2 PSFCH24 signals transmitted in adjacent RBs, but performance with high number of PSFCH12 signals is at the same level with CP-OFDMA waveform.
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[bookmark: _Ref21110788]Figure 10. PSFCH12 interleaved spectrum emission mask for 1, 2 and 53 PSFCH signals.
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[bookmark: _Ref21110789]Figure 11. Spectrum of 1x PSFCH12 interleaved in 2 RBs with 30 and 60kHz SCS

3. Conclusion
In this contribution the transmitter ACLR and emission mask performance was evaluated with simulator model using different PSFCH waveforms. More detailed analysis was done using 15kHz SCS, but single PSFCH performance is checked also with 30 and 60kHz SCS. The analysed waveforms and observations made are:
PSFCH12 waveform
· PSFCH12 transmitted in 1 RB
· 2x PSFCH12 transmitted in 2 adjacent RBs with equal power
· 106x PSFCH12 (full allocation) with equal power
PSFCH24 waveform
· PSFCH24 transmitted in 2 RBs
· 2x PSFCH24 transmitted in 4 adjacent RBs with equal power
· 53x PSFCH24 (full allocation) with equal power
PSFCH12 interleaved waveform
· PSFCH12 interleaved transmitted in 2 RB
· 2x PSFCH12 interleaved transmitted in 4 adjacent RBs with equal power
· 53x PSFCH12 interleaved (full allocation) with equal power
Observation # 1&2&3: With above mentioned waveforms the spectrum emission performance is similar or better than CP-OFDMA signal with 1 PSFCH signal and 2 PSFCH signals transmitted in adjacent RBs, but performance with high number of PSFCH12 signals is at the same level with CP-OFDMA waveform.
Conclusion #1: Based on the analysis done the ACLR and spectrum emission mask (SEM) performance of single PSFCH signals is better than the performance of CP-OFDMA waveform, but when number of PSFCH signals is increased the low PAPR characteristics of the used sequences deteriorate and performance gets similar to the CP-OFDMA waveform. 
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