3GPP TSG RAN WG1 Meeting AH-1901		R1-1901155
Taipei, Taiwan, January 21st – 25th 2019 

Source:	Nokia, Nokia Shanghai Bell 
Title:	Discussions on NR V2X Sidelink Physical Layer Structures
[bookmark: _GoBack]Agenda item:	7.2.4.1.1
Document for:	Discussion and Decision

1. Introduction
In RAN#80, the study item of study on NR V2X was created to support advanced V2X services [1]. In the last RAN1#95 meeting, the following agreements and working assumptions were reached [2]

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

Agreements:
· BWP is defined for NR sidelink.
· In a licensed carrier, SL BWP is defined separately from BWP for Uu from the specification perspective.
· FFS the relation with Uu BWP.
· The same SL BWP is used for both Tx and Rx.
· Each resource pool is (pre)configured within a SL BWP. 
· Only one SL BWP is (pre)configured for RRC idle or out of coverage NR V2X UEs in a carrier. 
· For RRC connected UEs, only one SL BWP is active in a carrier. No signalling is exchanged in sidelink for activation and deactivation of SL BWP.
· Working assumption: only one SL BWP is configured in a carrier for a NR V2X UE
· Revisit in the next meeting if significant issues are found
· Numerology is a part of SL BWP configuration. 
Note: This does not intend to make restriction in designing the sidelink aspects related to SL BWP.
Note: This does not preclude the possibility where a NR V2X UE uses a Tx RF bandwidth the same as or different than the SL BWP.

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.

In this contribution, we make further discussions on NR V2X sidelink physical layer structures and propose some observations and proposals. 

2. Discussion of NR V2X sidelink physical layer structures 

2.1 Waveform for sidelink
It was agreed in previous meeting that CP-OFDM is supported for sidelink physical channels and further study the potential benefits of DFT-S-OFDM especially in term of coverage. In our view, due to the much larger signal propagation attenuation with distance in high frequency, the coverage issue is more relevant to the V2X sidelink design in FR2. Considering the PAPR/CM advantages of about 2dB or more for the waveform of DFT-S-OFDM, we prefer to keep the DFT-S-OFDM as an alternative waveform choice at least for sidelink in FR2. 
As stated in the SID of NR V2X SI, the target is to have a common sidelink design for both FR1 and FR2. Thus, even if DFT-S-OFDM is not considered for sidelink in FR1, it will be better to take it into account in the sidelink design, e.g. in aspect of reference signal design. 
In the discussion of multiplexing of PSCCH and PSSCH, the support at last for option 3 was agreed as working assumption in the previous meeting. In option 3 multiplexing, PSCCH and PSSCH may be multiplexed in FDM over some of the first several OFDM/DFT-S-OFDM symbols while the remaining PSSCH occupies other symbols. From PAPR/CM perspective, there are some potential issues with the waveform of DFT-S-OFDM if the option 3 multiplexing is used. That is, different symbols may have different PAPR/CM values for the sidelink transmissions over the TTI. In more detail, the symbols that contain the PSCCH may have larger PAPR/CM values than the symbols that don’t contain the PSCCH. This is illustrated in Figure 1 below. 
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Figure 1: Cubic metric analysis for the waveform

In the figure, it is assumed that 20 PRBs are used for sidelink transmission with 2 PRBs and 18 PRBs for PSCCH and PSSCH respectively (for all symbols as in LTE-V2X) or with 12 PRBs and 8 PRBs for PSCCH and PSSCH respectively (for the symbols including PSCCH in option-3 multiplexing). It is assumed that for DFT-S-OFDM, the DFT-precoding operation is separately performed for PSCCH and PSSCH over the symbols including PSCCH. From this figure, we can observe that in case of multiplexing option-3, the DFT-S-OFDM symbols including PSCCH have larger CM values by more than 1dB than the symbols that don’t include PSCCH. The non-uniform PAPR/CM property may be a potential issue for the waveform of DFT-S-OFDM. Note that in LTE-V2X sidelink, all the symbols contain the PSCCH thus there is no such non-uniform PAPR/CM issue. 

Observation 1: there is potential non-uniform PAPR/CM issue with DFT-S-OFDM if multiplexing option 3 is used for PSCCH and PSSCH. 

Proposal 1: Discuss to support DFT-S-OFDM at least for FR2. Prefer to make sidelink design compatible (e.g. in RS design) with DFT-S-OFDM for common design for FR1 and FR2. 

Proposal 2: DFT-S-OFDM and option-3 multiplexing of PSCCH/PSSCH are not used simultaneously. 

2.2. Numerology for sidelink
At the previous meeting, numerology of CP for the sidelink channels was discussed with the agreements shown above. The table 1 below shows the CP duration values of the normal CPs for all SCS values and of the extended CPs for SCS larger than 15kHz. 
In sidelink transmissions, the CP length need to accommodate not only the multi-path channel delay spread, but also the propagation delays and the potential timing errors for different transmitters. In particular, the propagation delay difference for the simultaneous near and far transmitters impose more requirements for the CP length of the sidelink transmissions. For 30kHz in FR1, the extended CP length of up to 8.3us (which means the support of sidelink transmission range of about 2500m ideally) is achieved at the large cost of 20% CP overhead. Actually, such large sidelink communication range may happen very infrequently even if it is required to be supported. Moreover, the signal strength of the very far UEs is generally too weak to cause severe interference to the near transmitters. Thus, we prefer not to support extended CP for 30kHz SCS. 
For FR2, if normal CP is supported for both 60kHz and 120kHz SCSs and extended CP is supported only for 60kHz SCS, then the supported CP length set is {4.2, 1.2, 0.6 us} as shown in the table. It seems that there is no strong need to support extended CP for 120kHz to introduce new CP length of 2.1us. Thus, we have the following proposal on CP length

Proposal 3: Extended CP is only supported for 60kHz SCS for both FR1 and FR2.


Table 1: Duration values for various SCS parameters
	Subcarrier spacing (kHz)
	OFDM symbol duration (us)
	CP duration (us) 
	CP overhead 

	15
	66.67
	4.7
	6.6%

	30
	33.33
	2.3 (8.3*)
	6.6% (20%*)

	60
	16.67
	1.2 (4.2*)
	6.6% (20%*)

	120
	8.33
	0.6 (2.1*)
	6.6% (20%*)


			                 Note: * For the extended CP. 
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2.3 Structure and multiplexing of sidelink channels
SCI formats
Sidelink control information (SCI) represents the scheduling assignment (SA) information in LTE V2X which is the necessary information to decode the data packet. As only broadcast traffic type is supported in physical layer with main support for periodic packets, only single SCI format is defined in LTE V2X (i.e. SCI format 1) which implies relatively low blind decoding complexity. 
In NR V2X, due to more diverse traffic types to be supported (unicast/groupcast/broadcast with periodic and aperiodic packets), multiple SCI formats may be needed to enable flexible and efficient sidelink transmissions. For example, at least the following SCI formats could be considered, which was briefly discussed in [3]. 
· SCI-R-1: SCI for resource reservation e.g. for aperiodic traffic
SCI-R-1 could be transmitted ahead of the associated PSSCH to announce the resource reservation for the data packet. In this case, the resource reservation could be taken into account by other UEs that are performing sidelink channel sensing for resource selection. It is particularly useful for aperiodic traffic which is generally one-shot transmission. Our system level simulations showed remarkable system performance gains by using this type of SCI. In order to reduce the potential interference to others as low as possible, the less the better for the information contained in SCI-R-1. For example, SCI-R-1 could include the following information: priority, position of the reserved resource. 
· SCI-R-2: SCI for resource unbooking/resource reservation e.g. for periodic traffic
For the periodic traffic, the periodic packet may be absent in some periodical instances e.g. when there is no new data to transmit or is stopped by congestion control. At the same time, the UE may still want to continue the resource reservation for the next period. In this case the UE may simply transmit PSCCH conveying SCI-R-2 to explicitly indicate the resource unbooking in current period and the resource reservation for the next period. Just like SCI-R-1, SCI-R-2 shall contain as little information as possible, e.g. priority and position of the reserved resource. Note that SCI-R-1 and SCI-R-2 could have the same size and one bit may be used to differentiate the two cases. 
· SCI-D-1: SCI for data packet decoding e.g. for broadcast traffic type
This type SCI could be used as the scheduling assignment information for broadcast sidelink transmissions that has no target receiver(s) and no HARQ feedback similar to the case in LTE V2X. Hence this type SCI could have relatively small size e.g. similar to or slightly larger than the size of SCI format 1 used in LTE V2X. 
· SCI-D-2: SCI for data packet decoding e.g. for unicast/groupcast traffic type
This type SCI could be used as the scheduling assignment information for unicast/groupcast sidelink transmissions that has target receiver(s) and/or HARQ feedback. For this purpose, some new information elements need to be defined, e.g. NDI, HARQ process ID, source ID and destination ID (source/destination ID in physical layer could be part of ID for low overhead). This type of SCI has relatively large size and thus may need to occupy more physical resources by the associated PSCCH. 

PSCCH structures
As discussed above, multiple SCI formats may be needed to support various scenarios. We can observe that there are two types of SCI formats: one without associated data in the same slot (e.g. SCI-R-1/SCI-R-2) and the other type with associated data in the same slot (e.g. SCI-D-1/SCI-D-2). It is noted that different PSCCH structure of the first type SCI formats have different impact on AGC handling of the receivers, as illustrated in the following figure. In the figure, three means of placement of the PSCCH is shown: occupy all symbols within the slot, occupy the first partial symbols and occupy the partial symbols behind the first symbol. As the PSCCH transmitter may be located close to the receivers, its impact on the AGC handling at the receiver shall be considered carefully. We can expect that the first placement has no impact on AGC handling, the second could lead to over-estimate the received signal power, while the third placement could lead to under-estimate the received power thus cause distortions within the symbols including PSCCH. 

Observation 2: For PSCCH/SCI without associated data in the slot, some PSCCH structures could cause potential problems for the AGC handling. 
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(a)                                   (b)                                        (c)
Figure 2: illustration of structures for PSCCH/SCI without associated data in the slot

As discussed above, multiple SCI formats which have quite different message sizes may be defined to support various traffic types in NR V2X sidelink. In this case, there are two options to support/organize these multiple SCI formats:
· Option 1: multiple PSCCH format defined based on only blind decoding
· Option 2: two-stage PSCCH, as discussed in [4]
In option 2, a first stage PSCCH with fixed position and transmission format is defined to point to the real PSCCH i.e. the 2nd stage PSCCH which even could use different aggregation levels for unicast. The disadvantage of this option is the increased complexity and inefficiency in defining the 1st stage control channel especially when the SCI message size is not large or the number of all PSCCH formats is small. 
In option 1, the indexing 1st stage control channel is not used. The receiver makes blind decoding to try each possible PSCCH/SCI format. The disadvantage of this approach is the relatively high blinding decoding complexity. But the blind decoding complexity may be acceptable if the number of PSCCH/SCI is not large and/or the receiver is vehicle type. 

Proposal 4: Study how to support the multiple PSCCH/SCI formats, based on pure blind decoding or 2-stage structure. 

[bookmark: _Hlk534984990]Multiplexing of PSCCH and PSSCH
Regarding the multiplexing of PSCCH and the associated PSSCH, the last RAN1 meeting discussed and agreed that at least option 3 is supported for CP-OFDM as working assumption and FFS other options. For the multiplexing option 3 of PSCCH and PSSCH, there is some concern about the coverage of the PSCCH. As the power boosting for the PSCCH may lead to need of transient time between the symbols that include PSCCH and the symbols that don’t include PSCCH, thus the transmission coverage of the PSCCH may be a potential issue.
We performed some link simulations to make preliminary analysis of the transmission range of the PSCCH. The link simulation results are shown in Figure 3. In the simulations, it is assumed that PSCCH carries 48 information bits plus 24-bit CRC and the PSCCH occupies 3 OFDM symbols and 12 PRBs. The CDL Urban NLOS fast fading channel is used with relative 120kmph. the other simulation conditions are listed in the table in appendix. From the figure, we can see that close to 2dB is required to achieve BLER of 0.001. considering some practical impairments, we assume the target SNR is 3dB and make some initial link budget for the scenario of Urban NLOS (the pathloss calculation specified in 37.885 is used). The initial link budget results are shown in table 2. We can observe that the PSCCH coverage range decrease rapidly with the decrease of the power allocated to the PSCCH. 
Observation 3: The PSCCH coverage range is a potential problem with multiplexing option 3 especially in urban scenario. 
As discussed in section 2.1, PSCCH/PSSCH multiplexing option 3 may not be used for waveform DFT-S-OFDM, which however may be supported in FR2 to enhance the coverage. Moreover, the multiplexing option 3 has the potential issue of coverage even for FR1 as discussed above. Motivated by these considerations and observations, we prefer to keep the multiplexing option 2 as a supplementary configuration. 
Proposal 5: PSCCH/PSSCH multiplexing option 2 is supported e.g. for PSCCH range extension and/or for waveform of DFT-S-OFDM (e.g. in FR2). 

[image: ]
Figure 3: Link results of PSCCH

Table 2: Link budget analysis for PSCCH range
	Transmit power for PSCCH
	23 dBm
	20 dBm
	17 dBm

	Transmission range of PSCCH
	217 m
	172 m
	136 m



PSFCH structure
PSFCH for ACK/NACK feedback should occupy 1 slot (i.e.14 OFDM symbols) in time domain and 1 PRB (or 2 PRBs) in frequency domain. This is to provide flexible FDM with PSSCHs and PSCCHs. The reason is that for sidelink communication, AGC is operated at the beginning of each channel to adjust input to ADC and receiving signal strength should remain roughly constant throughout the channel. If shorter length (e.g. mini-slot with 2 symbols) is used for control channel for ACK/NACK feedback, receiving signal strength changes in the middle of a slot, which impacts reception of other FDMed channels. In frequency domain, PSFCH(ACK/NACK feedback) should occupy 1 PRB (or 2 PRBs to get aligned with PSCCH). 
For groupcast, to increase spectral efficiency, PSFCHs for HARQ feedbacks from multiple UEs should be CDMed. NR PUCCH format 1 can be modified for this use. BPSK modulation is used and modulated symbol is spread with a Zadoff-Chu sequence (cyclic shifted) with OCC (orthogonal cover code) in time domain. UEs inside a group employ same sequence but orthogonal cyclic shifts/codes. Group leader coordinates assignment of cyclic shifts/codes to members. In the assigned feedback resource, receiving UEs feedback ACK/NACK information by using their specific cyclic shifts/codes.  The transmitter retransmits the packet if it didn’t receive ACKs from all other UEs in the group.
[bookmark: _Hlk534985359]Proposal 6: PSFCH for ACK/NACK feedback should occupy 1 slot in time domain and 1 PRB (or 2 PRBs) in frequency domain, to provide flexible FDM with PSSCHs and PSCCHs.
[bookmark: _Hlk534984242]Proposal 7: For groupcast, consider UEs inside a group employing same sequence but orthogonal cyclic shifts/codes for HARQ feedback PSFCHs so that these feedbacks can be CDMed in the same time/frequency resource for high spectral efficiency.

2.4 Considerations for reference signal design 
The reference signal for physical sidelink channels include DM-RS and other potential reference signals e.g. PT-RS and CSI-RS/SRS. The DM-RS has several functionalities at least including time and frequency synchronization refinement, channel estimation for data detection and sidelink channel measurement e.g. for channel sensing (like PSSCH-RSRP defined in LTE V2X), thus DMRS plays a significant role in the sidelink channel transmissions. Regarding DMRS, we have the following proposals. We separate the details of the discussion and simulation results in another Tdoc [5].

Proposal 8: SL DMRS design shall take into account the support for the functionalities: channel estimation with large speed range, time/frequency synchronization, sidelink channel measurement and collision interference mitigation.
Proposal 9: Rel-15 NR Uu type-1 DMRS configuration could be used for physical sidelink channels. The number of DMRS symbols per slot may be dynamically configured.
Proposal 10: Discuss the support for orthogonal DM-RS signals for potential colliding UEs.
Proposal 11: Discuss the solution to mitigate the impact of aperiodic packets on the sidelink channel measurement and UE resource selection. S-RSSI measurement based on DMRS could be considered.

2.5 Channel coding in sidelink control channel
Polar code variants are used for eMBB control channels. Specifically, the downlink control channel polar scheme has a unified design which covers a wide range of payload sizes. Meanwhile, it has exceptional coding performance for blocks of small sizes, which is suitable for the control information transmitted in sidelinks. Thus, we propose the consideration of leveraging the current DL eMBB control channel coding design for sidelink control channels.
The following diagrams shows its coding performance for two cases, K = 48 and 64, with different coding rates.
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(a) # info. Bits = 48
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(b) # info. Bits = 64
Figure 4. Performance of DL eMBB control channel codes

Proposal 12: The channel coding scheme of NR eMBB downlink control channels can be considered for sidelink control channels as well.

3. Conclusions
In this contribution we made further discussions on NR V2X sidelink physical layer structure. Based on the discussions, the following proposals and observations are provided. 

Observation 1: there is potential non-uniform PAPR/CM issue with DFT-S-OFDM if multiplexing option 3 is used for PSCCH and PSSCH. 
Observation 2: For PSCCH/SCI without associated data in the slot, some PSCCH structures could cause potential problems for the AGC handling.
Observation 3: The PSCCH coverage range is a potential problem with multiplexing option 3 especially in urban scenario. 

Proposal 1: Discuss to support DFT-S-OFDM at least for FR2. Prefer to make sidelink design compatible (e.g. in RS design) with DFT-S-OFDM for common design for FR1 and FR2. 
Proposal 2: DFT-S-OFDM and option-3 multiplexing of PSCCH/PSSCH are not used simultaneously. 
Proposal 3: Extended CP is only supported for 60kHz SCS for both FR1 and FR2.
Proposal 4: Study how to support the multiple PSCCH/SCI formats, based on pure blind decoding or 2-stage structure. 
Proposal 5: PSCCH/PSSCH multiplexing option 2 is supported e.g. for PSCCH range extension and/or for waveform of DFT-S-OFDM (e.g. in FR2). 
Proposal 6: PSFCH for ACK/NACK feedback should occupy 1 slot in time domain and 1 PRB (or 2 PRBs) in frequency domain, to provide flexible FDM with PSSCHs and PSCCHs.
Proposal 7: For groupcast, consider UEs inside a group employing same sequence but orthogonal cyclic shifts/codes for HARQ feedback PSFCHs so that these feedbacks can be CDMed in the same time/frequency resource for high spectral efficiency.
Proposal 8: SL DMRS design shall take into account the support for the functionalities: channel estimation with large speed range, time/frequency synchronization, sidelink channel measurement and collision interference mitigation.
Proposal 9: Rel-15 NR Uu type-1 DMRS configuration could be used for physical sidelink channels. The number of DMRS symbols per slot may be dynamically configured.
Proposal 10: Discuss the support for orthogonal DM-RS signals for potential colliding UEs.
Proposal 11: Discuss the solution to mitigate the impact of aperiodic packets on the sidelink channel measurement and UE resource selection. S-RSSI measurement based on DMRS could be considered.
Proposal 12: The channel coding scheme of NR eMBB downlink control channels can be considered for sidelink control channels as well.
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Appendix

Table A: Simulation conditions for PSCCH results of Fig. 3

	Parameters
	Values

	Carrier frequency
	6.0GHz

	Packet size
	48 bits + 24-bit CRC

	Modulation and coding
	QPSK, Polar coding (NR DL)

	Resources
	12 PRBs over 3 OFDM symbols

	Antenna setting
	1TX/4RX
Cross-polarized antennas

	Sidelink waveform and SCS
	OFDM, 15kHz

	Fast fading channel
	CDL Urban NLOS channel
Relative velocity: 120kmph

	Sidelink TTI structure
	Slot (i.e. 14 OFDM symbols)

	DMRS pattern
	4 DMRS REs evenly distributed per PRB in each OFDM symbol

	Timing/frequency offset
	Ideal

	Channel estimation
	Real
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