
3GPP TSG RAN WG1 #96		R1-1902385
Athens, Greece, 25th February – 1st March, 2019

Source:	OPPO 
Title:	Physical layer structure for NR-V2X
Agenda Item:	7.2.4.1.1
Document for:	Discussion and Decision
[bookmark: Source][bookmark: DocumentFor]
Introduction
In the RAN1 Ad-Hoc #1901 meeting, the physical layer structure for NR-V2X was discussed and the following agreements were achieved [1]:

Conclusion: 
· No extended CP is supported for 30 kHz in FR1 in Rel-16
· No extended CP is supported for 120 kHz in FR2 in Rel-16
Agreements:
· Confirm the working assumption
· Working assumption: only one SL BWP is configured in a carrier for a NR V2X UE
Agreements:
· Configuration for SL BWP is separated from Uu BWP configuration signaling.
· UE is not expected to use different numerology in the configured SL BWP and active UL BWP in the same carrier at a given time.
· FFS the time scale
· FFS relation to DL BWP including initial Uu BWP
· FFS relation in terms of frequency location and bandwidth
Agreements:
· For time domain resources of a resource pool for PSSCH, 
· Support the case where the resource pool consists of non-contiguous time resources
· FFS details including granularity
· For frequency domain resources of a resource pool for PSSCH, 
· Down select following options:
· Option 1: The resource pool always consists of contiguous PRBs
· Option 2: The resource pool can consist of non-contiguous PRBs
Agreements:
· Multiple DMRS patterns in time domain are supported for PSSCH
· FFS: Whether a DMRS pattern is selected based on the subcarrier spacing
· FFS: Single or multiple DMRS pattern(s) per a resource pool
· FFS: How TX UE and RX UE can be aligned in terms of the DMRS pattern used for PSSCH
· FFS: RE mapping, sequence generation
· Continue to study DMRS pattern in frequency domain for PSSCH
· E.g. Whether multiple patterns are supported, whether PDSCH/PUSCH DMRS configuration 1 or 2 is reused.

Agreements:
· Support PT-RS for PSSCH for FR2
Conclusion:
· RAN1 to conclude on the need of physical channel for discovery in RAN1#96.

In this contribution, we discuss the issues related to NR sidelink physical layer structures.
Waveform
It was agreed that at least CP-OFDM was supported for NR-V2X in RAN1 #95 meeting [2]. Whether DFT-s-OFDM is supported needs FFS. The benefit of DFT-s-OFDM compared to CP-OFDM is low PAPR. The simulation results in [3][4] show that DFT-s-OFDM has better performance in case of low MCS level. According to the requirement of NR-V2X [5], the coverage is an important requirement. For example, the maximal communication range for extended sensor use case is 1000m. DFT-s-OFDM is beneficial in this case. 
Furthermore, the feedback mechanism for groupcast is under discussing. One of the options is NACK only feedback. In this option, the DTX is seen as ACK. Therefore, the detection performance of PSCCH should be as high as possible to reduce the possibility of DTX. Generally, PSCCH will use lower MCS, such as QPSK and lower coding rate. In that case, DFT-s-OFDM is more preferred.  
Proposal 1:  DFT-s-OFDM is supported in NR-V2X.
Bandwidth part configuration on SL
We propose that the configuration of SL BWP is independent to either DL BWP or UL BWP. If NR-V2X SL is deployed on shared carrier, there will be 3 kinds of BWP: DL BWP, UL BWP, and SL BWP. In Rel-15, up to 4 DL BWP and 4 UL BWP can be configured and different BWP can have different numerologies. At a given time, only one DL BWP and one UL BWP is activated. Network can switch DL BWP or UL BWP. If the SL BWP is configured to be related to DL/UL BWP, when the DL/UL BWP is switched, the related SL BWP should also be switched. It was agreed that the same SL BWP is used for both TX and RX and no signaling is exchanged in sidelink for activation and deactivation of SL BWP [2]. If SL BWP is switched, both TX and RX BWP is switched which may miss some SL message since other UEs are not aware the SL BWP switching of this UE. Therefore, it is reasonable that the configuration of SL BWP is independent to DL/UL BWP. 
Proposal 2: The configuration of SL BWP is independent to DL/UL BWP if NR-V2X SL is deployed on shared carrier. The bandwidth and frequency position of SL BWP is not related to DL/UL BWP. 
At RAN1 AH#1901 meeting, it was agreed that “UE is not expected to use different numerology in the configured SL BWP and active UL BWP in the same carrier at a given time.” to reduce the implementation of UE complexity. If the DL BWP and SL BWP share the same carrier, the same principle as SL BWP and active UL BWP can be applied, i.e., UE is not expected to use different numerology in the configured SL BWP and active DL BWP in the same carrier at a given time. 
Proposal 3: UE is not expected to use different numerology in the configured SL BWP and active DL BWP in the same carrier at a given time
In Rel-15, up to 4 DL BWP and 4 UL BWP can be configured and different BWP can have different numerologies. If the SL BWP and active DL/UL BWP have the same numerology, UE can do SL and Uu transmission/reception at the same time. If the SL BWP and active DL/UL BWP have different numerologies, UE should do BWP switching between SL BWP and active DL/UL BWP. For the initial Uu BWP, it is also possible that its numerology is different with SL BWP. In that case, UE should switch from SL BWP to Uu BWP for cell search or initial access. 
If BWP switching between SL BWP and Uu BWP is necessary, the effect of switching time should be considered. During the switching time and UE performs Uu operations on DL/UL BWP, it cannot TX/RX on SL BWP which will affect SL operation.
Proposal 4: If the numerologies of SL BWP and Uu BWP are different, BWP switching is necessary. The effect of switching time should be considered and minimized.
Resource pool configuration on SL
It was agreed that resource pool configuration is within SL BWP and follows the same numerology as the SL BWP. Within a SL BWP, multiple resource pools can be configured. 
Proposal 5: Multiple resource pools can be configured within a SL BWP.
It was agreed that the resource pool consists of non-continuous time resources. The granularity of time domain resource needs FFS [1]. NR-V2X can be deployed on either shared carrier or dedicated carrier. If NR-V2X is deployed on dedicated carrier, the granularity of time domain resource can be based on slot. If NR-V2X is deployed on shared carrier, only cell-specific UL symbols can be used for SL [6]. Considering the flexible slot format of Uu slot, the granularity of resource pool in time domain can be based on symbol level.
Proposal 6: The granularity of resource pool in time domain can be based on slot level if NR-V2X is deployed on dedicated carrier, and based on symbol level if deployed on shared carrier. 
In Rel-12 LTE-D2D, the resource pool configuration in frequency domain consists of three parameters: prb-number, prb-start, prb-end. Then the frequency range of the resource pool includes the following PRB ranges: [prb-start, prb-start + prb-number - 1] and [prb-end – prb-number + 1, prb-end]. If there is no overlap between these two PRB ranges, the resource pool will consist of non-continuous PRBs. 
In NR-V2X, the resource allocation is more flexible. Considering the following cases, the resource pool in frequency domain can consist of non-continuous PRBs
· SL is deployed on FR2. The bandwidth of FR2 is very large, for example up to 400 MHz. At a given time the transmission of S-SSB and PSSCH can be FDMed to improve resource efficiency. In that case, the resource pool configuration, which should exclude the resource for S-SSB, can consist of non-continuous PRBs.
· SL is deployed on shared carrier. CP-OFDM is supported in SL and UL which is benefit for flexible resource allocation. If the resource pool is configured on UL symbols and covers the resource which is reserved or allocated for UL, such as for RACH, the resource should be exclude from the resource pool. Then the resource pool will consist of non-continuous PRBs.
Proposal 7: The resource pool can consist of non-contiguous PRBs
PSCCH and PSSCH multiplexing
In RAN1 #94bis, option 1A, option 1B and option 3 of multiplexing between PSCCH and PSSCH were agreed. In RAN1 #95, an working assumption was agreed that at least option 3 was supported for CP-OFDM and an LS was sent to RAN4 asking for the need of transient period for option 1A, option 1B and option 3. Whether the transient period is needed is related to the GP symbol design between the last symbol of PSCCH and the following symbol of PSSCH. Before receiving the response from RAN 4, we can do some further analysis of these three options. 
For option 1B, PSCCH and its associated PSSCH are transmitted at different time. Furthermore, PSCCH and its associated PSSCH can be in the same subframe (time adjacent) or different subframe (time non-adjacent). 


Figure 1 Time adjacent or non-adjacent in option 1B
For the non-adjacent PSCCH and PSSCH, it is benefit for short term sensing which is more preferred to support aperiodic traffic. For aperiodic traffic, UE cannot reserve resource for the next transmission block. It can only send an indication for the current transmission by either a pre-emption signal or PSCCH to assist other UE’s sensing procedure. If a pre-emption signal is applied, it will introduce larger specification work, such as 
· The pre-emption signal design
· The AGC issue caused by pre-emption signal transmission
· Which resource can be used for pre-emption signal. 
Compared to the pre-emption signal, a simpler solution is based on the PSCCH indication. If the PSCCH and its associated PSSCH are time non-adjacent, a UE can determine which resource will be used by the PSCCH transmitter based on the decoding of PSCCH so that the UE can select the resource that will not be used by other UEs. Furthermore, it can also be applied to periodic traffic if the traffic periodicity is indicated in SCI, which is same as LTE-V2X. The detailed analysis of short term sensing is in a companion contribution [7]. An illustration of option 1B is shown in Figure 2
Proposal 8: Option 1B should be supported to facilitate short-term sensing and support aperiodic traffic. 


[bookmark: _Ref1118552]Figure 2 Illustration of option 1B for resource indication

One concern of option 1B is that transient period may be needed. For the non-adjacent case, the transient is needed since PSCCH and PSSCH are transmitted at different time. For the adjacent case, some enhancement can be considered to cut the possible transient period. For example, PSCCH can be repeated and transmitted over multiple sub-channels such that the overall frequency size of the repeated PSCCHs and its associated PSSCH are the same. By doing so, UE Tx power used for transmitting the repeated PSCCH’s would be the same as that used for transmitting the associated PSSCH, since they both occupy the same number of NR sidelink sub-channels. Furthermore, at the receiver end, no additional receiver decoding complexity need to be added. The Rx-UE can still blindly decode PSCCH per NR sidelink sub-channel. If UE implementation chooses to, the Rx-UE can combine multiple transmitted PSCCH and attempt to blindly decode SCI which can further improve the decoding performance.
Proposal 9: An enhancement to Option 1B is to perform PSCCH repetition so that the overall transmitted control channel size is the same as the associated PSSCH when multiple sidelink sub-channels are used in the frequency domain.
In either option 1B or option 3, the resource of per PSCCH can be fixed to minimize the effort on blind decoding. For example, the number of symbols and number of PRBs per PSCCH can be fixed. This can be benefit for blind decoding of PSCCH at receiver. The resource of PSSCH can be flexible and indicated by PSCCH. For example, the number of sub-channels in frequency domain and number of symbols/slots/subframes in time domain can be indicated by its associated PSCCH. 
Proposal 10: The position and size of PSCCH in both time and frequency domain should be fixed to minimize blind decoding effort in NR-V2X.
DMRS
It was agreed that multiple DMRS patterns in time domain were supported for PSSCH in [1]. If the DMRS pattern is subcarrier spacing specific or resource pool specific, it is natural that the transmitter and receiver can be aligned in terms of DMRS pattern based on the numerology or resource pool used for PSSCH. While considering that NR-V2X can work in different scenarios, the DMRS design should also be flexible enough considering the trade-off between performance and resource efficiency. For example, NR-V2X should support up to maximal 500km/h relative speed. To overcome the large Doppler spread, the DMRS should be denser in time domain. While in some cases, the relative speed between transmitter and receiver is very low. It is hardly to differentiate the resource pool based on the speed and it is not resource efficient. To adapt to the flexible DMRS pattern, the DMRS pattern of PSSCH can be indicated by SCI. While the DMRS pattern for PSCCH can be subcarrier spacing specific so that the transmitter and receiver can be aligned.
Proposal 11: The DMRS pattern of PSSCH can be indicated in SCI. The DMRS pattern of PSCCH can be numerology or resource pool specific.
The DMRS pattern of PSSCH in frequency domain can be fixed. There is no strong motivation to support multiple DMRS patterns in frequency domain.
Proposal 12: The DMRS pattern of PSSCH in frequency domain can be fixed.
CSI-RS
CSI-RS is used to estimate the channel quality. If the channel quality information can be obtained at transmitter, the transmitter can adjust transmission parameter which can improve the efficiency and reliability. For unicast communication on SL, there is only one TX and one RX and channel reciprocity can be applied. Therefore, we propose that SL CSI-RS is supported for NR-V2X.
Proposal 13: SL CSI-RS is supported for NR-V2X.
If a UE has data to be transmitted, the CSI-RS can be combined with data for transmission. It should also support that transmitting sidelink CSI-RS without data. In this case, the transmission resource of CSI-RS can be determined by either transmitter or receiver. For the former case, TX UE needs to send SCI to indicate the transmission resource of CSI-RS. For the latter case, TX UE does not need to indicate the transmission resource of CSI-RS.
Proposal 14: SL CSI-RS can be transmitted either with data or without data.
Discovery
In [8], it states that there is no discovery channel in V2X. In order to support link establishment, the service announcement can be piggybacked on the periodical message, which is handled by upper layer and out of scope of SA2. Therefore, there is no need to introduce physical dedicate channel for discovery.
Proposal 15: Physical layer discovery channel is not supported in Rel-16 NR-V2X.
Conclusion
In this contribution, the physical layer structures of NR-V2X sidelink are discussed. The following proposals are given to summarize our view.
Proposal 1:  DFT-s-OFDM is supported in NR-V2X.
Proposal 2: The configuration of SL BWP is independent to DL/UL BWP if NR-V2X SL is deployed on shared carrier. The bandwidth and frequency position of SL BWP is not related to DL/UL BWP. 
Proposal 3: UE is not expected to use different numerology in the configured SL BWP and active DL BWP in the same carrier at a given time
Proposal 4: If the numerologies of SL BWP and Uu BWP are different, BWP switching is necessary. The effect of switching time should be considered and minimized.
Proposal 5: Multiple resource pools can be configured within a SL BWP.
Proposal 6: The granularity of resource pool in time domain can be based on slot level if NR-V2X is deployed on dedicated carrier, and based on symbol level if deployed on shared carrier. 
Proposal 7: The resource pool can consist of non-contiguous PRBs
Proposal 8: Option 1B should be supported to facilitate short-term sensing and support aperiodic traffic. 
Proposal 9: An enhancement to Option 1B is to perform PSCCH repetition so that the overall transmitted control channel size is the same as the associated PSSCH when multiple sidelink sub-channels are used in the frequency domain.
Proposal 10: The position and size of PSCCH in both time and frequency domain should be fixed to minimize blind decoding effort in NR-V2X.
Proposal 11: The DMRS pattern of PSSCH can be indicated in SCI. The DMRS pattern of PSCCH can be numerology or resource pool specific.
Proposal 12: The DMRS pattern of PSSCH in frequency domain can be fixed.
Proposal 13: SL CSI-RS is supported for NR-V2X.
Proposal 14: SL CSI-RS can be transmitted either with data or without data.
Proposal 15: Physical layer discovery channel is not supported in Rel-16 NR-V2X.
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