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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, the performance for different aggregation lengths, number of OFDM symbols, and payloads are presented, and relevant implications are discussed.
2 	PSCCH evaluation results
[bookmark: _GoBack]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.



The layout of the different considered multiplexing schemes, are 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 but can also be used to gain understanding of the other options, by applying appropriate SNR scaling to reflect potentially larger power spectral density (PSD). 

[image: ]
[bookmark: _Ref528785189]Figure 1: PSCCH and PSSCH multiplexing options.

The simulation parameters are outlined in Table 1 in the Appendix, and in the following sections the evaluation results are presented and discussed.
2.1 Performance for different aggregation levels
In Figure 2 the PSCCH performance is shown for different aggregation lengths, payloads and number of symbols. The PSD, or SNR per subcarrier, is fixed irrespective of the allocation. Due to this, as can be seen in Figure 2 for a given AL the performance for different number of symbols are similar. Under this assumption, allocating a single symbol with large bandwidth has a gain due to the harvesting of frequency diversity.  However, we believe that in practice mapping PSCCH over multiple symbols will be beneficial due to the higher levels of energy per bit.
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[bookmark: _Ref528937821][bookmark: _Ref528827590]Figure 2: PSCCH BLER for different aggregation lengths (AL) in subplots a)-d). For each AL, different number of OFDM symbols and payloads are configured.
In Figure 3 the simulation results are presented in different figures per payload. As can be seen, by increasing the AL by either allowing for multiple 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 different. Therefore, flexibility and configurability of AL can provide significant gains in either reliability or in system utilization.
[bookmark: _Toc534993626]For a given BLER and SNR target, different payloads require different aggregation lengths, indicating the need for configurability.
[bookmark: _Toc534993627]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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[bookmark: _Ref528937952][bookmark: _Ref528832404]Figure 3: BLER performance for different payloads.
We also conclude that placing PSCCH in the first symbol of the slot should be avoided, even if multiple PSCCH symbols are configured. This will ensure that the reliability of PSCCH remains high even if the first symbol being lost due to AGC operation.
[bookmark: _Toc534993628]Placing PSCCH in the first symbol of the slot, which may be affected by the AGC, should be avoided to guarantee high reliability of PSCCH.
2.2 Bandwidth normalized results, single symbol
In Figure 4, the PSCCH BLER is shown in the y-axis for different payload sizes and aggregation lengths when mapped to a single OFDM symbol while the x-axis shows the SNR normalized by the transmission BW (assuming constant transmit power). Under such a setting one can expect that for AL=1, a higher PSD is achieved (power gain) at the cost of a loss in code rate (coding loss). When the AL is increased the power gain decreases and at the same time as the coding gain increases. As can be seen from Figure 4, increasing the AL improves the reliability; reduced power gain, but increased coding and diversity gain. 
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[bookmark: _Ref528938212][bookmark: _Ref528824348]Figure 4: BLER performance with bandwidth normalized SNR (assuming constant tx power) for different AL, in the case of a single PSCCH symbol (option 1B). Note that figure SNR range is different from the simulated range, and the legend colours are different between sub-figures. 
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.
Observation 3	Placing PSCCH in the first symbol of the slot, which may be affected by the AGC, should be avoided to guarantee high reliability of PSCCH.

[bookmark: _In-sequence_SDU_delivery]4	Reference
[bookmark: _Ref528785645][bookmark: _Ref174151459][bookmark: _Ref189809556]R1-1813638, “Physical layer structure for SL NR V2X”, Ericsson, RAN1 #95, Nov. 2018

Appendix: Simulation settings
[bookmark: _Ref528937019]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 NLoSv

	Vehicle speed
	60 km/h

	Antenna configuration
	1 dual-polarized antenna

	Modulation order
	QPSK

	Codec
	Polar encoder, CRC aided, with 24 CRC bits 

	Payload bits
	50,100,150

	Aggregation length
	1,2,4,8,16

	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
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