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In the RAN1 #95 meeting, the following agreements were made for physical layer structure of NR sidelink [1]: 
Agreements:
· At least CP-OFDM is supported.
· Continue study on whether to support DFT-S-OFDM including the potential issues and the following potential benefit:
· Synchronization coverage enhancement
· PSCCH coverage enhancement, e.g., with Option 2 of PSCCH/PSSCH multiplexing with the restriction that PSCCH and PSSCH use adjacent frequency resources
· Feedback channel coverage enhancement
· A single waveform is used in all the sidelink channels in a carrier.
· Note: A sequence based channel can be supported in any waveform.
· (Pre-)configuration will be used to determine the used waveform if the specification supports multiple waveforms.
Agreements:
· For PSCCH/PSSCH in FR1, NR V2X supports normal CP for 15kHz, 30kHz, 60kHz, and extended CP for 60kHz.
· FFS extended CP for 30 kHz in FR1.
· FFS CP for PSCCH/PSSCH in FR2
· E.g., NR V2X supports normal CP for 60kHz and 120kHz, and extended CP for 60kHz
· FFS extended CP for 120 kHz in FR2.
· Only one combination of CP length and SCS is used in a carrier at a given time for NR V2X UEs communicating with each other using SL
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.
Working assumption:
· For RAN1 evaluation purpose only, until RAN4 response on AGC and switching time, it is assumed that one symbol is used for AGC and another one symbol is used for TX/RX switching.
Note: TX/RX switching includes transition in the power amplifier.
In this contribution, we provide our views on waveform, frame structure, AGC settling time, multiplexing of PSCCH and PSSCH, and PSFCH.
Waveform and Frame Structure
Waveform
In RAN1#95 meeting, it was agreed that at least CP-OFDM is supported by NR sidelink. Whether DFT-S-OFDM should be supported for NR V2X can be further studied. The main advantage of DFT-S-OFDM over CP-OFDM is its low PAPR and thus enhanced coverage. Therefore, we study the benefit of coverage enhancement for PSCCH/PSSCH, PSFCH, and synchronization signal/channel. If the available link budget for NR V2X is sufficient, then there is no need to further enhance coverage.
Following the simulation assumptions in TR 37.885 and the agreed simulation profile in the RAN1#94bis meeting, we perform a link budget analysis for sidelink frequencies 6GHz and 30GHz. We assume that a 2dB power back-off is required by CP-OFDM compared with DFT-S-OFDM. Furthermore, we assume target SINR -3dB and an interference margin of 3dB. Table 1 shows the supportable communication range for different scenarios and link states. As can be seen, at sidelink frequency 6GHz in FR1, the supportable communication range is over 1000m for all link states except NLOS. Nevertheless, for vehicles at different streets, a communication range of 200m should be acceptable.
Observation 1: NR V2X has sufficient link budget in FR1 with CP-OFDM.
Considering sidelink frequency 30GHz in FR2, the supportable communication range decreases. However, if the use of FR2 in NR V2X is for increasing throughput under unicast and groupcast, where participating UEs are relatively close to each other on the same street, the supportable communication range is still acceptable. 
Table 1. Supportable communication range (2dB power back-off, target SINR -3dB, and interference margin -3dB).
	
	Highway
	Urban

	
	LOS
	NLOSv
	LOS
	NLOSv
	NLOS

	6GHz
	> 1000 m
	> 1000 m
	> 1000 m
	> 1000 m
	206 m

	30GHz
	> 1000 m
	452 m
	> 1000 m
	710 m
	87 m



From the above analysis, CP-OFDM can support enough communication range for PSCCH, PSSCH, and PSFCH.
It might be beneficial to have larger coverage for more UEs synchronized with one synchronization source. Synchronization signals are sequence based and can be designed with lower PAPR. Synchronization or broadcasting channel can use lower MCS to achieve coverage enhancement and it has no reason that the coverage of synchronization/broadcasting channel is far larger than that of synchronization signals. Based on the principle that the target of NR V2X design is not enhancing NR eMBB performance. PSBCH can follow NR PBCH with CP-OFDM design.
Furthermore, if both DFT-S-OFDM and CP-OFDM are adopted, then many design aspects, e.g., reference signal, can be different. Also, it complicates the signaling among UEs. Considering the impacts on specification, we propose that DFT-S-OFDM needs not to be introduced in NR V2X.
Proposal 1: DFT-S-OFDM needs not to be introduced in NR V2X.
CP Length
Next, we discuss CP length for NR V2X. Due to the fact that timing advance is infeasible for broadcast and groupcast, CP in sidelink not only needs to combat multipath delay but also propagation delay. Table 2 lists the CP lengths supported in Release-15 NR for different subcarrier spacings (SCS). Note that extended CP is only supported for SCS 60kHz in Release-15 NR. Table 2 also lists the supportable communication ranges with no inter-symbol interference (ISI). The grey numbers in Table 2 mean that the values are not supported by Release-15 NR.
From Table 2, we can see communication range is 2498 m for SCS 30 kHz with ECP, which is larger than that for SCS 15 kHz with NCP. It does not make sense to design such large communication range in NR V2X.
Table 2. NR CP length. (Extended CP is only supported for SCS 60 kHz in Release-15 NR.)
	
	Normal CP
	Extended CP

	Subcarrier spacing (kHz)
	15
	30
	60
	120
	15
	30
	60
	120

	CP length (μs)
	4.69
	2.34
	1.17
	0.59
	16.67
	8.33
	4.17
	2.08

	Communication range (m)
	1405
	703
	351
	176
	4997
	2498
	1249
	625



Proposal 2: Extended CP for SCS 30 kHz in FR1 needs not to be supported in NR V2X.
Extended CP enhances coverage but lowers spectral efficiency. Since NR V2X is mainly interference-limited, spectral efficiency has a higher priority than coverage. V2X basic safety messages are only broadcast within a local area and coverage is not the major concern. 
Since the ISI is resulted from distant UEs whose signals travel a long distance, such ISI experiences a high power loss comparing with the signal power of near UEs. Thus, the resulting interference on decoding the signal from near UEs is relatively small. On the other hand, slight ISI can be tackled by interference cancellation techniques depending on UE implementation or by robust solutions like lowering MCS, repetition, and/or HARQ retransmissions.
Finally, we expect that FR2 is mainly used for short-range communications with LOS and thus the resulting ISI would be tolerable. Therefore, extended CP needs not to be supported in FR2 and NR V2X.
Proposal 3: Only normal CP is supported in FR2. 
AGC Settling Time
In RAN1#94 meeting, an LS of confirmation of AGC settling time, TX/RX switching time, time/frequency error, and IBE model for NR V2X was agreed to send to RAN4 for feedback. The tentative assumptions for the simulation are
· AGC
· Up to [15] us in FR1. Up to [10] us in FR2.
· TX/RX switching time
· [13] us in FR1 and [7] us in FR2
· Time error
· Up to [0.4] us between a UE and its synchronization reference
· Frequency error
· Up to [0.1] PPM between a UE and its synchronization reference
In RAN1#95 meeting, the following working assumption was agreed.
· For RAN1 evaluation purpose only, until RAN4 response on AGC and switching time, it is assumed that one symbol is used for AGC and another one symbol is used for TX/RX switching.
There is no consensus on AGC settling time in RAN4 email discussion and we would like to share our view here.
AGC settling time includes three parts
1. Measurement time: time to collect received samples for gain estimation, which is further discussed below.
2. Time of estimation and programming the gain: time for gain estimation and programming the gain for amplifiers, which can be less than 2 us when the estimator and programming core are implemented by hardware. The required time does not depend on the used numerology.
3. Time for amplifier settled down: response time of the amplifier, it can be less than 2 us and also does not depend on the used numerology.
In LTE V2X, AGC settling time is set as one symbol with DFT-S-OFDM waveform. However, CP-OFDM is supported as the waveform in NR V2X. Measurement time highly depends on the waveform of received samples. Different waveforms would result different measurement time and corresponding AGC settling time.
In order to evaluate the measurement time with different waveforms, we carry out some simulations with OFDM signal and random sequence as received samples. Subcarrier spacing is set as 15 kHz and bandwidth is set as 20 MHz. We assume the requirement of the probability of power difference (Pvar) between estimated power and true power larger than 3 dB is less than 10-3, i.e., Pr( |Pvar| > 3dB ) ≤ 10-3. 
Fig. 1 shows the measurement time of received OFDM samples with different RBs under TDL-C 300ns channel. The measurement time is smaller when more RBs are allocated because the time correlation of the samples are higher. If 5RBs are used for gain estimation, the measurement time is more than 30 us. 
When using random sequence as the received samples, the measurement time is about 1.5 us which is less than 1/20 of the measurement time by OFDM signals with 5RBs as shown in Fig. 2. Since OFDM signal has more dynamic power over time-domain than a random sequence with QPSK modulation, more OFDM samples are needed to obtain averaged power with less variation. In other words, a time-domain sequence with lower PAPR or constant envelope can effectively reduce AGC measurement time.
Observation 2: Different waveforms would result in different measurement time for AGC settling. Signals with lower PAPR or constant envelope can effectively reduce AGC settling time.
For SCS 15 kHz and random sequence as AGC training signal, AGC settling time can be less than 5.5 us. However, AGC settling time would be more than 34 us, if OFDM signal is used for AGC training with SCS 15 kHz. Note that one OFDM symbol duration with SCS 15 kHz is about 72 us, if the symbol is at the beginning of one slot. Then AGC settling time can be less than one half OFDM symbol duration whether OFDM signal or random sequence is used for AGC training.
From the above analysis, it would waste a lot of resource and result in higher overhead ratio and lower spectral efficiency if one OFDM symbol is used for AGC training and another OFDM symbol is used for RF switching. In order to reduce the overhead ratio, one half of the first OFDM symbol duration can be used for RF switching and another one half of the first OFDM symbol duration can be used for AGC settling with SCS 15 kHz at least. If random sequence is used, the overhead ratio can be effectively reduced. For exact AGC settling time for other numerology, it can depend on RAN4 response.
Observation 3: AGC settling time can be less than one half OFDM symbol duration with SCS 15 kHz. 
Proposal 4: Whether to design AGC training sequence can be further studied. One half of the first OFDM symbol duration can be used for AGC settling, if training sequence is designed.
Proposal 5: If AGC training sequence is designed, the sequence has the property of low PAPR or near constant envelope.
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Figure 1. Measurement time for received OFDM samples with different RBs under TDL-C 300ns channel.
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Figure 2. Measurement time for received random sequence under TDL-C 300 ns channel.

Multiplexing of PSCCH and PSSCH
In order to reduce the SCI size, we propose that the starting frequency position of PSSCH can be directly inferred from the starting frequency position of PSCCH. Furthermore, as depicted in Fig. 3, a margin in subchannel/RB can be introduced to protect PSCCH from in-band emission, which becomes non-negligible if the RBs of a distant UE are interfered by near UEs. 
Proposal 6: The starting frequency position of PSSCH can be directly inferred from the starting frequency position of PSCCH.
Proposal 7: A margin in subchannel/RB to reduce the effect of in-band emission on PSCCH can be FFS.
Finally, we discuss cross-slot scheduling. Cross-slot scheduling can be used for aperiodic traffic where a scheduling assignment (SA) is sent for resource reservation or preemption without the associated PSSCH within the same slot. Now the SA channel occupies a time-frequency resource alone without the associated PSSCH. Fig. 3 presents several design options. Option 2 uses all available symbols in a slot, whereas Options 1A, 1B, and 3 use either the first few symbols or the last few symbols. Options 1B and 3 assume that the SA channel and other UEs’ PSSCHs can overlap in frequency within a slot. 
Proposal 8: Study resource allocation of SA in cross-slot scheduling, if supported in NR V2X.



Figure 2. Margin for PSCCH to tackle in-band emission.


Figure 3. Resource allocation of SA in cross-slot scheduling.
Design of PSCCH and SCI
Since unicast, groupcast, and broadcast have very different characteristics, content of SCI should be tailored for each traffic type. All traffic types can occur simultaneously as a time, so an indicator of SCI format should be introduced to NR V2X.
Proposal 9: NR V2X should support multiple SCI formats. An SCI’s format should be self-indicated through one of its bit fields.
The physical layer of LTE V2X only supports broadcast and the destinations cannot be identified in the physical layer. Since NR V2X would support unicast and groupcast in the physical layer, it is desirable that only the intended UEs decode PSSCH. The unintended UEs can power down for the rest of TTI. Such requirement can be fulfilled by conveying destination ID in SCI or by CRC scrambling using RNTI. 
Conveying destination ID in SCI is straightforward but increases control overhead. By contrast, UE-specific RNTI (for unicast) and group RNTI (for groupcast) can be RRC configured and do not occupy control resource. However, CRC scrambling by RNTI has the issue that other UEs cannot decode PSCCH and thus has no knowledge about the resource allocation of PSSCH. For autonomous resource selection, which will be supported in NR V2X, it is important to learn the resource locations occupied by other UEs.
To resolve the drawbacks of the mentioned two solutions, we propose two-stage SCI: SCI is split into two parts, where SCI part 1 includes the location of time-frequency resource used by PSSCH, resource reservation, priority and SCI part 2 contains the rest of SCI. SCI part 1 and SCI part 2 are encoded separately. No CRC scrambling is performed on SCI part 1 so that all UEs can decode SCI part 1. SCI part 2 are CRC scrambled by UE-specific RNTI or group RNTI so that only the intended UEs can learn SCI part 2 and further decode PSSCH. SCI part 1 is carried by PSCCH and SCI part 2 is piggybacked on PSSCH. The unintended UEs can power down after it fails to decode SCI part 2.
Proposal 10: 2-stage SCI should be supported in NR V2X. 
Design of PSFCH
In the RAN1#94bis and RAN1#95 meetings, sidelink feedback control information (SFCI) and physical sidelink feedback control channel (PSFCH) were defined [1], [2]. Also, at least ACK/NACK is included in one of the SFCI formats. Here we discuss how to convey SFCI on sidelink and restrict attention to ACK/NACK.
PSFCH allocated at the beginning of slot
First, we expect that NR LDPC is used for PSSCH. Then, PSSCH is not suitable to carry ACK/NACK alone since NR LDPC is designed for moderate to large input block lengths. In other words, PSFCH might be like PSCCH with polar coding.
Next, we consider the location of PSFCH. In the following we assume that the multiplexing of PSFCH and PSSCH follows a TDM-like design and PSFCH is at the beginning symbols of one slot. Assume that UE 1 transmits a packet to UE 2 in slot n and consider the following cases as shown in Fig. 4.
· Case (a): After decoding slot n PSSCH, UE 2 sends ACK/NACK to UE 1 at slot n+1 PSCCH. This case is very challenging for UE implementation and UE processing time, since UE should decode the received data, prepare and send the ACK/NACK within RF switching and AGC settling time. 
· Case (b): After decoding slot n PSSCH, UE 2 sends ACK/NACK to UE 1 at slot n+2 PSFCH. This case relieve the requirement of UE processing time when compared with Case (a). A retransmission from UE 2 can be scheduled in slot n+3 and introduce the latency as at least 3 slots. 
Observation 4: If initial transmission is in slot n and ACK/NACK is transmitted on PSFCH, a retransmission can only be scheduled at the earliest in slot n+3. That is, the latency is at least 3-slot.   
[image: ]
Figure 4. Location of PSFCH is at the beginning of one slot.
Due to half duplex, when UE 2 transmits ACK/NACK on PSFCH in slot n+2, UE 2 cannot decode any PSCCH sent from other UEs. Even if UE 2 switches back to receive mode after sending ACK/NACK, UE 2 cannot decode PSSCH since it does not know the scheduling assignment. Thus, slot n+2 can be regarded as a TX slot for UE 2, even only very small size packet or ACK/NACK is transmitted. It seems the resource utilization efficiency is not good, if there is no other information to be transmitted by UE 2 in slot n+2. 
PSFCH allocated at the end of slot
A FDM-like PSFCH channel is undesirable due to high latency, therefore, we assume PSFCH is TDMed with PSSCH and at the end of slot. As shown in Fig. 5, we assume that UE 1 transmits a packet to UE 2 in slot n and consider
· Case (c): After decoding slot n PSSCH, UE 2 sends ACK/NACK to UE 1 at slot n PSFCH. The processing time of this case is similar to that of Case (a) and it is very challenging to UE implementation. 
· Case (d): After decoding slot n PSSCH, UE 2 sends ACK/NACK to UE 1 at slot n+1 PSFCH. The processing time of this case is similar to that of Case (b) and relieved when compared with Case (c). A retransmission from UE 2 can be scheduled in slot n+2 and introduce the latency as at least 2 slots, which is less than the latency in Case (b).
Due to half duplex, when UE 2 transmits ACK/NACK on PSFCH in slot n+1, UE 2 still can decode any PSCCH sent from other UEs. But a guard period should be used before PSFCH. When compared with PSFCH allocated at the beginning of the slot, the resource utilization efficiency and flexibility of PSFCH allocated at the end of the slot are better. 
Based on the above analysis, it is natural that PSFCH can be placed at the end of slot to reduce latency and have better resource utilization efficiency as well as flexibility.
Proposal 11: PSFCH can be placed at the end of slot following a TDM-like design. 
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Figure 5. Location of PSFCH is at the end of one slot.

In the beginning of a slot, a UE can be in receive mode and later on switch to transmit mode for transmitting ACK/NACK; or vice versa. In this case, an extra guard period has to be added for UEs switching from receive mode to transmit mode for ACK/NACK transmission and for UEs switching from transmit mode to receive mode for ACK/NACK reception. As for UEs not transmitting or receiving ACK/NACK, such guard period is not required. Nevertheless, when some UEs perform TX/RX switching within a slot, the experienced power level changes and it takes time for AGC settling. We propose to further study two alternatives regarding the additional guard period. 
Proposal 12: The following two options for guard period before PSFCH can be further studied:
· Option 1: Every slot has two guard periods, one in the beginning and one just before PSFCH; 
· Option 2: A guard period is introduced only when performing TX/RX switching.
Similar to multiplexing of PSCCH and PSSCH, the multiplexing of PSFCH and PSSCH should be further studied. 
Proposal 13: The following two options for multiplexing PSFCH with PSSCH can be further studied:  
· Option A: Exclusive time resource for PSFCH;
· Option B: Within the time resource used by PSFCH, PSSCH of the same UE or other UEs can occupy unused frequency resources.
The combined options for additional guard period and for multiplexing of PSFCH and PSSCH are illustrated in Fig. 6.


Figure 6. Additional guard period and multiplexing of PSFCH and PSSCH.
Conclusion
The following summarizes the observations and proposals in this contribution.
Observation 1: NR V2X has sufficient link budget in FR1 with CP-OFDM.
Observation 2: Different waveforms would result in different measurement time for AGC settling. Signals with lower PAPR or constant envelope can effectively reduce AGC settling time.
Observation 3: AGC settling time can be less than one half OFDM symbol duration with SCS 15 kHz.
Observation 4: If initial transmission is in slot n and ACK/NACK is transmitted on PSCCH, a retransmission can only be scheduled at the earliest in slot n+3. That is, the latency is at least 3-slot.
Proposal 1: DFT-S-OFDM needs not to be introduced in NR V2X.
Proposal 2: Extended CP for SCS 30 kHz in FR1 needs not to be supported in NR V2X. 
Proposal 3: Only normal CP is supported in FR2.
Proposal 4: Whether to design AGC training sequence can be further studied. One half of the first OFDM symbol duration can be used for AGC settling, if training sequence is designed.
Proposal 5: If AGC training sequence is designed, the sequence has the property of low PAPR or near constant envelope.
Proposal 6: The starting frequency position of PSSCH can be directly inferred from the starting frequency position of PSCCH.
[bookmark: _GoBack]Proposal 7: A margin in subchannel/RB to reduce the effect of in-band emission on PSCCH can be FFS. 
Proposal 8: Study resource allocation of SA in cross-slot scheduling, if supported in NR V2X
Proposal 9: NR V2X should support multiple SCI formats. An SCI’s format should be self-indicated through one of its bit fields.
Proposal 10: 2-stage SCI should be supported in NR V2X. 
Proposal 11: PSFCH can be placed at the end of slot following a TDM-like design.
 Proposal 12: The following two options for guard period before PSFCH can be further studied:
· Option 1: Every slot has two guard periods, one in the beginning and one just before PSFCH; 
· Option 2: A guard period is introduced only when performing TX/RX switching.
Proposal 13: The following two options for multiplexing PSFCH with PSSCH can be further studied:  
· Option A: Exclusive time resource for PSFCH;
· Option B: Within the time resource used by PSFCH, PSSCH of the same UE or other UEs can occupy unused frequency resources.
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