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1	Introduction
In this contribution, we provide link-level evaluation results focusing on several aspects of the PSSCH and discuss their implication to the design as well as to the transmission schemes of the PSSCH. Specifically, the following are evaluated:
· DMRS design for PSSCH and selection of subcarrier spacing.
· Signaling in the AGC settling symbol.
· CSIT-assisted transmissions.
The channels used in our evaluations are the CDL models for V2X derived from the general channel model in TR37.885.
[bookmark: _Ref178064866]2	DMRS design for PSSCH
2.1	Simulation setup
We consider the baseline physical layer format of an NR SL slot (14 OFDM symbols). We further assume in our simulations that the PSSCH consists of 10 symbols, from the 4th to the 13th symbol in the baseline format, as illustrated in Figure 1.
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[bookmark: _Ref521591953]Figure 1: Simulation setup of DMRS for PSSCH 
The DMRS used for our evaluation is placed in the 1st, the 4th, the 7th, and the 10th symbol of the PSSCH, i.e., the 4th, the 7th, the 10th, and the 13th symbol of the baseline slot format. We use comb-2 for the DMRS and the remaining subcarriers are used for data. We focus on the highway scenario and use the corresponding CDL channel models for V2V derived from the general channel model in TR37.885.  
The remaining simulation assumptions are captured in Table 2 in the Appendix.

2.2	Simulation results
To capture the impact of DMRS on the channel estimation performance, we investigate the BLER vs. SNR at different relative UE speeds and subcarrier spacings. We focus on high-speed scenarios since the channel estimation is more challenging in those scenarios.
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[bookmark: _Ref521591939]Figure 2: BLER vs. SNR for TR 37.885 CDL HIGHWAY_NLOS_V channel, QPSK code rate ½.  2Tx and 4Rx antennas. Left: 15 kHz SCS. Right: 30 kHz SCS.
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[bookmark: _Ref521591946]Figure 3: BLER vs. SNR for TR 37.885 CDL HIGHWAY_LOS channel, QPSK code rate ½. 2Tx and 4Rx antennas. Left: 15 kHz SCS. Right: 30 kHz SCS.
As can be observed from Figure 2 and Figure 3, a subcarrier spacing of 30 kHz combined with the DMRS structure in Figure 1 provides good performance even at very high relative speeds. Note that the subcarrier spacing has a big impact on the performance since the larger the value, the shorter the distance between two consecutive DMRS symbols, which results in more accurate channel estimation. Specifically, at 15 kHz subcarrier spacing the time interval between the two consecutive DMRS symbols is too big for relative speed of 500 km/h, while at 30 kHz spacing the DMRS symbols are close enough to give good performance. 
[bookmark: _Toc518050246]To summarize, our results show that the DMRS structure (as in Figure 1) is a good candidate for DMRS of the PSSCH. We also show that 30 kHz subcarrier spacing performs better in terms of channel estimation. 
[bookmark: _Toc521592515][bookmark: _Toc521592612][bookmark: _Toc521592967][bookmark: _Toc521593326][bookmark: _Toc1151298]DMRS structure for PSSCH in Figure 1 provides acceptable reliability for SL V2X.
[bookmark: _Toc521592516][bookmark: _Toc521592613][bookmark: _Toc521592968][bookmark: _Toc521593327][bookmark: _Toc518050249][bookmark: _Toc1151299]For carriers below 6 GHz, 30 kHz subcarrier spacing with 4 DMRS provides acceptable reliability in high-speed scenarios.
[bookmark: _Ref189046994]3	Signalling in the AGC settling symbol
In this section we investigate different options of signalling in the first OFDM symbol of a slot. For that purpose, we employ a slightly different DMRS pattern than that of Section 2, but the DMRS density (i.e. the inter-DMRS distance) is identical. Furthermore, based on our observations in Section 2, we focus on 30kHz SCS in this section. 
Slot and receiver configurations shown in Table 1 are considered to evaluate the need for designing the slot to account for Automatic Gain Control (AGC). The second OFDM symbol (OS) is allocated to PSCCH in all the configurations. The final OS is unused and acts as guard period (GP). Two packet sizes, 300 Byte and 1000 Byte, are considered for the evaluation. A fixed modulation order is used, while the LDPC code rate is selected according to the number of available data resource elements (REs). The simulation parameters used for the evaluation are listed in Table 3 in the Appendix.




[bookmark: _Ref528935480][bookmark: _Ref528937539][bookmark: _Ref528937627]Table 1: Slot and receiver configurations for AGC
	Data
PSCCH 
DMRS
AGC Preamble 


	Configuration
	Description
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A) Data on OS1 with Genie AGC 
B) Punctured OS1
	1) No provision in made for AGC and OFDM symbol (OS) 1 carries data
2) A receiver with Genie AGC (Configuration A) uses the OS 1 for demodulation and decoding of data
3) A receiver with Practical AGC (Configuration B) uses the OS 1 for AGC operation and we consider a worst-case scenario where the OS 1 is not used for decoding the data. This is equivalent to puncturing the coded bits that are carried by OS 1.
4) Duration allowed for AGC operation = 1 OS duration.
Nrof Data REs per PRB = 120
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 C) AGC preamble on OS1
	1) OS 1 carries a dedicated AGC preamble to aid the receiver in AGC operationDedicated AGC preamble reduces the number of REs available for mapping data
2) Duration allowed for AGC operation = 1 OS duration.
Nrof Data REs per PRB = 108
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D) IFDM of Data on OS1
	1) OS 1 carries data on alternating subcarriers (IFDM) and the remaining subcarriers are unused.
2) The IFDM structure results in an OS with two repeated identical copies. At the receiver, the first copy is used for AGC operations and the second copy is used for demodulation and decoding of data [1]. 
3) The data REs on OS 1 are power boosted by a factor of 3 dB.
4) Duration allowed for AGC operation = 0.5 x OS duration.
Nrof Data REs per PRB = 114
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E) IFDM of DMRS on OS1
	1) OS 1 carries DMRS on alternating subcarriers and the remaining subcarriers are unused.
2) The IFDM structure results in an OS with two repeated identical copies. At the receiver, the first copy is used for AGC operations and the second copy is used for channel estimation [1].
3) The DMRS REs on OS 1 are power boosted by a factor of 3 dB.
4) Duration allowed for AGC operation = 0.5 x OS duration.
Nrof Data REs per PRB = 114
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[bookmark: _Ref528826929]Figure 4 BLER vs. SNR for 300 Byte packet
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[bookmark: _Ref528843862]Figure 5 BLER vs SNR for 1000 Byte packet


300 Byte Packet:
Figure 4 shows BLER as a function of SNR for slots carrying 300 Byte packets. The modulation order is fixed to QPSK and the LDPC code rate is varied according to the number of REs available for data. The LDPC code rate is 0.3846, 0.4049, and 0.4274 for Configurations A/B, D/E, and C, respectively. 
The loss in BLER performance when using Config. B is less than 1 dB and 0.5 dB for 0 and 1 retransmissions, respectively, compared with Config. A. The loss in BLER performance is small since the puncturing of the coded bits (carried by OS1) of the low rate code-block results in only a small fraction of the code-block being lost. The Configurations C, D, and E perform better than Config. B since the code-block is not punctured. The IFDM configurations, D and E, perform slightly better than Config. C since the IFDM configurations allow more REs for mapping data and therefore have a smaller code rate.
1000 Byte Packet:
Figure 5 shows BLER as a function of SNR for slots carrying 1000 Byte packets. The modulation order is fixed to 16-QAM and the LDPC code rate is varied according to the number of REs available for data. The LDPC code rate is 0.6410, 0.6748, and 0.7123 for Configurations A/B, D/E, and C, respectively.
In contrast to the case of 300 Byte packet, the BLER with no retransmissions when using Config. B is large and close to 1. The BLER performance of Config. B improves with a single retransmission, however, the performance gap with the other configurations is large. The large degradation in BLER performance of Config. B is due to the higher code rate and that the puncturing of the OS1 results in a significant portion of the code-block to be lost. With an additional (again punctured) redundancy version, arriving in the retransmission, the code-block becomes decodable. The behavior of the other configurations is similar to the case of 300 Byte packet.
[bookmark: _Toc1151300]The degradation of BLER for 300 Byte packet due to puncturing of the coded bits carried by OS1 is not significant. 
[bookmark: _Toc1151301]For large packets (e.g. 1000 Bytes) with higher code rates, BLER can be expected to be large in case of Punctured OS1.
[bookmark: _Toc1151302]The IFDM configuration have better BLER performance compared to Punctured OS1 and AGC preamble due to lower code rate and no puncturing.
4	CSIT-assisted transmissions
As discussed in [2][3], sidelink CSIT can enable link adaptation and precoder selection for sidelink unicast, which can efficiently improve system spectrum efficiency. In this section, we present simulation results for evaluating link adaptation and multi-antenna transmission for sidelink unicast. More specifically, for link adaptation, we consider: 
1) ACK/NACK-based outer-loop link adaptation (OLLA)
2) Wideband CQI-based inner-loop link adaptation (ILLA). 
For multi-antenna transmission, we consider: 
1) Random precoder selection (RPS) with PRB bundling size of 4 PRBs.
2) Closed-loop MIMO (CL-MIMO) based on RI and wideband PMI feedback. 
For both schemes, the precoders are selected from the NR type-1 codebooks. The remaining simulation assumptions are captured in Table 4 of Appendix. The schemes we have compared include the following.
· Joint CL-MIMO and LA with different SL CSI-RS/CSI-report periodicities, where RI, wideband PMI and CQI are calculated using non-precoded CSI-RS. Here LA includes both OLLA and ILLA. The number of transmission layers can be either 1 or 2 depending on the calculated RI.
· Joint RPS and OLLA with 2-layer transmission. 
· Joint RPS and fixed MCS with 2-layer transmission, where 64QAM with a code rate of 0.6 is used.
Throughput as a function of SNR is shown in Figure 6, Figure 7, Figure 8 for the Highway LoS scenario and in Figure 9, Figure 10, Figure 11 for the Urban LoS scenario. Note that for CL-MIMO, the resource elements used for transmitting SL CSI-RS are excluded when mapping data. Our observations are the following:
· Joint RPS and fixed MCS, which does not perform any MCS adaptation, starts to saturate at a medium SNR value.
· Joint RPS and OLLA shows acceptable performance. It is worth mentioning that we consider full buffer traffic model, where ACK/NACK feedback is available for every slot with a delay of 4 slots. In our view, this frequent ACK/NACK feedback contributes to the relatively good performance of OLLA.
· Joint CL-MIMO and LA brings clear improvement compared to the other schemes under different antenna configurations, even with a relatively long CSI report periodicity.
[bookmark: _Toc1151303]Joint CL-MIMO and LA scheme provides clear throughput gain compared to open-loop RPS schemes in LOS scenarios.
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[bookmark: _Ref534881325]Figure 6: TR37885 V2V CDL HIGHWAY LOS; vtx = 60 km/h;  vrx = 65 km/h
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[bookmark: _Ref534928051]Figure 7: TR37885 V2V CDL HIGHWAY LOS; vtx = 60 km/h;  vrx = 120 km/h
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[bookmark: _Ref534928052]Figure 8: TR37885 V2V CDL HIGHWAY LOS; vtx = 60km/h;  vrx = 180 km/h
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[bookmark: _Ref534928070]Figure 9: TR37885 V2V CDL URBAN LOS; vtx = 60 km/h; vrx = 65 km/h
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[bookmark: _Ref534928073]Figure 10: TR37885 V2V CDL URBAN LOS; vtx = 60 km/h; vrx = 120 km/h
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[bookmark: _Ref534928074]Figure 11: TR37885 V2V CDL URBAN LOS; vtx = 60 km/h; vrx = 180 km/h
5	Conclusion
In the previous sections we made the following observations: 
Observation 1	DMRS structure for PSSCH in Figure 1 provides acceptable reliability for SL V2X.
Observation 2	For carriers below 6 GHz, 30 kHz subcarrier spacing with 4 DMRS provides acceptable reliability in high-speed scenarios.
Observation 3	The degradation of BLER for 300 Byte packet due to puncturing of the coded bits carried by OS1 is not significant.
Observation 4	For large packets (e.g. 1000 Bytes) with higher code rates, BLER can be expected to be large in case of Punctured OS1.
Observation 5	The IFDM configuration have better BLER performance compared to Punctured OS1 and AGC preamble due to lower code rate and no puncturing.
Observation 6	Joint CL-MIMO and LA scheme provides clear throughput gain compared to open-loop RPS schemes in LOS scenarios.
[bookmark: _In-sequence_SDU_delivery]6	References
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7	Appendix: Simulation assumptions
[bookmark: _Ref518045290]Table 2: Simulation settings for the evaluation of DMRS configuration
	Parameters
	Values

	Carrier frequency
	6 GHz

	Subcarrier spacing
	15 kHz, 30 kHz

	Carrier frequency offset
	0 ppm

	Channel estimation
	Non-ideal (with genie-aided Doppler knowledge)

	Waveform
	CP-OFDM

	Number of layers
	1

	Number of Tx antennas
	2 (one dual-polarized)

	Number of Rx antennas
	4 (two dual-polarized)

	Receiver type
	MRC

	Channel model
	CDL-based V2V channels in TR 37.885



[bookmark: _Ref528935125]Table 3: Simulation settings for the evaluation of AGC configurations
	Parameter
	Value

	Carrier frequency
	6 GHz

	Sub-carrier spacing
	30 kHz

	System bandwidth
	10 MHz (26 PRBs)

	Channel model
	CDL-based V2V channels in TR 37.885: 
Highway NLoSv

	Vehicle speed
	60 km/h

	Number of Tx antennas
	2 (one dual-polarized)

	Number of Rx antennas 
	2 (one dual-polarized)

	Packet sizes
	300 bytes
	1000 bytes

	Modulation order
	QPSK
	16-QAM

	LDPC code rate
	Variable
	Variable

	HARQ retransmissions
	0 or 1

	Channel estimation
	Non-ideal (with genie-aided Doppler knowledge)

	Receiver type
	MRC



[bookmark: _Ref534897317]Table 4: Simulation settings for the evaluation of CSIT assisted transmission
	Parameters
	Values

	Carrier frequency
	6 GHz

	System bandwidth
	10MHz

	Subcarrier spacing
	30 kHz

	Carrier frequency offset
	0 ppm

	DMRS configuration
	DMRS 1+3 FDM with Data

	Channel estimation using DMRS
	Non-ideal (with genie-aided Doppler knowledge)

	HARQ feedback {periodicity, latency} [slots]
	{1, 4}

	MCS for fixed rate transmission
	64QAM, code rate 0.6

	SL CSI-RS resource
	4REs/PRB in one slot

	SL CSI-RS/CSI-report periodicity
	50 slots

	Channel estimation using SL CSI-RS
	ideal

	Waveform
	CP-OFDM

	Number of layers
	1/2

	Number of Tx antennas
	4 (2 dual-polarized pairs)

	Number of Rx antennas
	4/8 (2/4 dual-polarized pairs)

	Receiver type
	MRC

	Channel model
	CDL-based V2V channels in TR 37.885

	Traffic model
	Full buffer
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