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1	Introduction
In this contribution, link level evaluation results are provided to aid the design of the PSCCH in NR V2X. In particular, performance for different aggregation lengths, number of OFDM symbols, and payloads are presented, and relevant implications are discussed.
In RAN1#94-bis, the following agreement was made with respect to multiplexing of PSCCH and PSSCH:
	Agreements:
For PSCCH and associated PSSCH multiplexing
· At least one of Option 1A, 1B, and 3 is supported.
· FFS whether some options require transient period between PSCCH and PSSCH.
· FFS whether to support Option 2.



and in RAN1#95 the following working assumption was made:
	Working assumption:
· Regarding PSCCH / PSSCH multiplexing, at least option 3 is supported for CP-OFDM.
· RAN1 assumes that transient period is not needed between symbols containing PSCCH and symbols not containing PSCCH in the supported design of option 3.
· FFS how to determine the starting symbol of PSCCH and the associated PSSCH
· FFS for other options. e.g. whether some of them are supported to increase PSCCH coverage.



Additionally, in RAN1#96bis, an agreement on the payload sized of PSCCH for evaluations were made:
	Agreements:
· For the purpose of evaluation of PSCCH design, RAN1 assumes 60 bits, 90 bits, 120 bits as the total SCI sizes including 24 bits CRC.
· Other sizes are not precluded.



The layout of the different multiplexing schemes is shown in Figure 1. As stated in [1], Option 3 is the most attractive design choice since it provides the largest flexibility in scheduling the two channels. The link level results presented in this contribution mainly focus on the Option 3 performance. 
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[bookmark: _Ref528785189]Figure 1: PSCCH and PSSCH multiplexing options.
2 		PSCCH evaluation results
The link level simulation results in this paper cover different aggregation levels (AL = [2,4,8]), different payload sizes (PL = [60,90,120] incl. CRC as agreed in RAN1 #96bis), and different number of symbols (symbols = [1,2,3]). The simulation parameters are outlined in Table 1 in the Appendix.
In Figure 2-4 the PSCCH performance is shown for different aggregation lengths, payloads and number of OFDM symbols. Note that the three figures contain the same results but grouped in different ways to improve the readability. Furthermore, since we consider multiplexing option 3, the PSD, or SNR per subcarrier, is fixed irrespective of the allocation. Due to this, as can be seen in the figures, for a given AL the performance for different number of OFDM symbols are similar. 
Furthermore, note that for AL=2,4, two and three OFDM symbols will have the exact same allocation since there will not be enough data to fill up the last symbol. The performance will therefore be the same in these cases, differing only due to statistical variations. Additionally, for AL=8, if three symbols are used, the last symbol will only contain data in two subchannels, as compared to three, in symbol 1 and 2. 
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[bookmark: _Ref7785206]Figure 2: PSCCH BLER for different aggregation lengths (AL) in subplots a)-c). For each AL, different number of OFDM symbols and payloads are configured.
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Figure 3: BLER performance for different payloads in subplots a)-c). For each payload size, different number of OFDM symbols and AL are configured.



	[image: ]
a)
	[image: ]
b)

	
	[image: ]
c)
	


Figure 4: BLER performance for different number of PSCCH symbols in subplots a)-c). For symbol size, different payload sizes and AL are configured.
As can be seen in the results, by increasing the AL by either allowing for multiple OFDM symbols or expanding the PSCCH bandwidth, the reliability can be significantly improved. For different payloads, the required AL for a given SNR and BLER target is obviously different. Therefore, flexibility and configurability of AL can provide significant gains in either reliability or in system utilization.
Observation 1 [bookmark: _Toc7791630]For a given BLER and SNR target, different payloads require different aggregation lengths, indicating the need for configurability.
Observation 2 [bookmark: _Toc7791631]For a given payload, allowing different aggregation lengths provide flexibility, and allow for high reliability of PSCCH in many different scenarios.
Furthermore, it’s also interesting to note that for a given payload and AL, extending the mapping in frequency or increase the number of symbols, is an additional design parameter that has an impact on the performance. E.g. looking at AL = 8 in Figure 3, we can see that by allocating multiple symbols better performance in obtained at low SNR as compared to allocating a single symbol. This occur since a larger channel estimation gain can be harvested in this case, by filtering over time. At higher SNR, due to the robust QPSK modulation, channel estimation quality is less noticeable, and the frequency diversity gain become apparent and in favor of the single-symbol case. 
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	For a given BLER and SNR target, different payloads require different aggregation lengths, indicating the need for configurability.
Observation 2	For a given payload, allowing different aggregation lengths provide flexibility, and allow for high reliability of PSCCH in many different scenarios.
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5	Appendix: Simulation settings
[bookmark: _Ref7785173]Table 1: Parameters for PSCCH simulations
	Parameter
	Value

	Carrier frequency
	6 GHz

	Sub-carrier spacing
	30 kHz

	System bandwidth
	40 MHz (106 PRBs)

	Channel model
	TR 37.885 V2V CDL: Highway LOS

	Vehicle speed
	[100, -100] km/h

	Antenna configuration
	1 dual-polarized antenna (fixed precoder)

	Modulation order
	QPSK

	Codec
	Polar encoder, CRC aided, with 24 CRC bits (per stage)

	Payload bits
	60,90,120 (incl. 24 bit CRC)

	Aggregation length
	2,4,8

	PSCCH symbols
	1,2,3

	Control Channel Element (CCE)
	6 RBs

	DMRS 
	4-comb, present in all PSCCH symbols, but only in RBs allocated for PSCCH 

	Channel estimation
	Practical MMSE

	Receiver type
	MMSE

	Length of simulation
	30k slots
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