3GPP TSG RAN WG1 Ad-Hoc Meeting 1901	R1-1900862 
Taipei, January 21-25, 2019

Agenda Item:	7.2.4.1.5
Source:	Huawei, HiSilicon
Title:	Beamforming for V2X sidelink for FR1 and FR2
Document for:	Discussion and Decision

[bookmark: _Ref532246552][bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
As agreed in [1], sidelink frequencies for FR1 and FR2 (i.e. up to 52.6 GHz) unlicensed ITS bands and licensed bands should be considered in the NR V2X SI. Furthermore, since the requirements of NR V2X use cases for platooning, advanced driving and extended sensors include high date rates (50-700 Mbps) for long distances (200 meters or beyond) [2], beamforming will be needed in NR V2X due to the propagation characteristics and corresponding path loss at higher frequencies. The use of beamforming, however, is not limited to higher frequencies, as beamforming can also be used at lower frequencies, e.g. 3.5 GHz, as in the NR Uu link in Release 15. Besides providing increased communication range and increased data rates, beamforming also leads to directional transmissions which can be leveraged to reduce interference. Directional transmissions permit spatial reuse of the available resources, enabling a high connection density for supporting congested traffic, which is also one of the general requirements for supporting V2X scenarios [2]. Moreover, multi-beam transmissions (e.g., repeated in time) should also be studied for increased diversity, reliability and/or spatial multiplexing gains. We discuss some common physical layer design considerations for NR V2X in [3],[4]. In this contribution, we discuss in particular sidelink beamforming aspects and the related NR V2X sidelink procedures. 
Beam management for sidelink 
Beam management in NR Release 15 mainly consists of mechanisms for initial beam acquisition, beam training and beam failure recovery, as well as including aspects such as beam sweeping, beam measurement, beam reporting, and beam indication. The majority of beam management processes in NR Release 15 enjoy a unified framework with CSI acquisition processes, a principle that can be followed for designing beam management for sidelink as well.
Only physical layer broadcast transmissions are supported in LTE V2X. For NR V2X, however, unicast and groupcast transmissions will also be supported. To allow all these types of transmissions to use all the NR V2X sidelink frequencies, it is therefore required for beam-based transmission to be supported in the sidelink, as already proposed in [5]. To this end, beam management should be employed to enable V2X use cases [2]. The need for beam management for NR V2X was also discussed in [6], [7], [8]. As the target in the NR V2X SI is to have a common sidelink design for both FR1 and FR2 [1], NR V2X sidelink should support a common beam management framework for FR1 and FR2. 
Proposal 1: NR V2X sidelink should support a common beam management framework for FR1 and FR2. 
In the following, we discuss several aspects of beam management for V2X sidelink, along with a brief overview of the corresponding aspect in NR Release 15.
Beam sweeping for V2X sidelink
In NR Release 15, initial beam acquisition can be performed at the time of synchronization and random access phases, e.g. when a UE performs initial cell search. Synchronization signal blocks (SSBs) can be transmitted by the gNB, with the possibility of transmitting the SSBs with different downlink beams, i.e. via beam sweeping in the downlink. By associating each SSB with a random access occasion and preamble, the gNB can identify the downlink beam acquired by a UE after the random access phase. Furthermore, similar to the transmission of SSBs, CSI-RS can also be transmitted in the downlink via beam sweeping in NR Release 15. CSI-RS can be transmitted by the gNB on certain directions depending on the location of the active UEs.
Beam sweeping is needed for unicast, broadcast and groupcast transmissions. To enable beam sweeping for the sidelink in Mode 1, some signaling from the gNB will be needed. For Mode 2, beam sweeping for the sidelink can be based on (pre-)configured procedures/resources. For unicast and groupcast transmissions with beamforming, both beam repetition (with the same or different beam) and retransmissions can be used to enhance reliability. 
Beam sweeping can also be considered in NR V2X sidelink for the transmission of sidelink synchronization signal (SLSS) as well as for the discovery procedure.
Hence, beam management including beam sweeping should be supported in NR V2X, considering NR Release 15 beam management as a starting point.
Proposal 2: Beam management including beam sweeping should be supported for sidelink unicast, groupcast, and broadcast transmissions.
Beam measurement and reporting for V2X sidelink
In NR Release 15, measurements for beam management in the downlink can be based on SSB and CSI-RS. After a UE has established an RRC connection, the UE can receive 1-port or 2-port CSI-RS configurations for beam management from the gNB and measure RSRP on different beamformed CSI-RS. The UE can then select the CSI-RS resource with the highest RSRP and report to the gNB the corresponding CSI-RS resource indicator (CRI) and the corresponding RSRP. The gNB can use this information to schedule upcoming communication with the UE. Measurements for beam management in the uplink follows similar principles by using beamformed SRS and the corresponding SRS resource indicator (SRI).
In the same way as NR in Release 15, beam training/tracking in NR V2X should be based on CSI feedback. To enable both sidelink beam management and sidelink-assisted Uu link beam management, sidelink synchronization signals and sidelink reference signals should be used for beam-based sidelink measurements. In addition, the feedback report should include beam information such as CRI/SRI and the corresponding RSRP. Furthermore, interference-based beam measurements may also be reported to refine the beam selection in order to mitigate cross-link interference (similar work for Uu link is ongoing in Rel-16 MIMO enhancements). These measurements may take the form of CSI-IM-like measurements. 
Proposal 3: Beam measurement and beam reporting for V2X sidelink should be supported, with the feedback report containing beam information such as CRI/SRI and the corresponding RSRP. 
Beam indication for V2X sidelink
In NR Release 15, the gNB can use the fed back beam information for indicating beams to the UE for upcoming communication with the UE. The beam indication can be realized through indication of “QCL-TypeD” to a CSI-RS or an SSB at the time of scheduling a downlink transmission. Then, the UE can assume that the downlink transmission is QCLed with the indicated CSI-RS or SSB in terms of spatial Rx parameters.
Beam indication for NR V2X can be performed similarly as in NR Release 15, with the beam indication being based on sidelink synchronization signals or sidelink reference signals.
Beam failure recovery for V2X sidelink
As the beam pair links of a beamformed transmissions may experience a beam failure due to blockages or mobility, beam failure recovery schemes were introduced in NR Release 15 to allow recovery from obsolete or blocked beams. For this purpose, a UE can be configured to monitor SSB or periodic CSI-RS for assessment of the link quality. If the link quality drops below a threshold for all the signals being monitored, the UE can initiate a beam failure recovery by using a RACH procedure in the Uu link. 
Schemes to support beam failure recovery will also be required for sidelink transmissions in NR V2X, and therefore, suitable schemes for beam failure recovery should be studied as already proposed by [8]. Furthermore, since NR V2X supports multiple links and link types (Uu and sidelink), these different links should be leveraged to provide diversity for a fast and reliable beam failure recovery procedure for both the sidelink and Uu link. An example of a beam failure recovery procedure on the link between Entity A and Car C using alternative links involving Car B is shown in Figure 1.
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Thus, beam failure recovery procedures utilizing the multiple links and link types (Uu and sidelink) available in NR V2X should be studied.
Proposal 4: Study schemes to support beam failure recovery utilizing Uu link and sidelink in NR V2X.
V2X sidelink design for FR1 and FR2
As the number of swept beams can be configured, e.g. depending on the frequency range, a common design for FR1 and FR2 can be supported for beam sweeping in NR V2X, similar as in NR Release 15. Furthermore, a common design for FR1 and FR2 can also be supported for beam measurement, beam reporting and beam indication in NR V2X. 
Although the target in the NR V2X SI is to have a common sidelink design for both FR1 and FR2 [1], some features and reference signals may be required for higher frequencies and may not be required or may be optional for lower frequencies. For instance, Phase Tracking Reference Signal (PTRS) has been designed in NR to address phase noise (higher impact at higher frequencies) and frequency offset, with PTRS being mandatory for FR2 but optional for FR1. Furthermore, beam failure recovery is required for FR2 but optional for FR1. Moreover, beam correspondence is applicable only to FR2.
Sidelink beam-based transmissions 
Beam-based transmission in sidelink may impact different procedures in NR V2X. In the following, we discuss the impact of beam-based transmissions on SLSS transmission, power control, and resource allocation.
Beam-based transmission of SLSS
For LTE V2X, a UE may transmit SLSS when it is configured by the network with dedicated signaling (network-based) or when the UE is not configured by dedicated signaling or it is out of coverage (UE-based). For the UE-based case, the SLSS transmission can be triggered when the RSRP/S-RSRP of the synchronization reference measured at the UE is below a threshold, where the threshold is broadcasted by the network when in coverage or preconfigured when out of coverage. Moreover, beam-based transmission of SLSS was not considered in LTE V2X. However, the sidelink synchronization signal block (S-SSB) structure of NR V2X, as agreed in [9], enables beam-based transmission of SLSS. Similar to NR Release 15, the number of S-SSBs in a burst could be configured based on the carrier frequency. Depending on the configurable number of S-SSBs, the SLSS can be transmitted in multiple beams successively, either in the same beam multiple times or in different beams. The transmission of SLSS in certain beams may not be efficient. For example, transmission of SLSS in the beams used for reception of SSBs from the gNB, may lead to interference without providing increased coverage for synchronization purposes. To avoid this interference, the beams used for the SLSS transmission should be different than the beams used for the reception of SSBs from the synchronization reference.
Proposal 5: For UE triggered transmission of SLSS, the UE transmits SLSS in a beam which satisfies the triggering conditions based on measurements on that beam, where the triggering conditions are either provided by the gNB or preconfigured.
In addition, for partial coverage or out of coverage UEs, a sidelink RACH procedure may be needed for the UE receiving the SLSS. Beamforming can also be considered for the discovery procedure, such that the directivity of discovery transmissions can be used to assist the initial beam acquisition process during the communication process on the sidelink.
Beam-based power control for V2X sidelink
As solely broadcast transmissions are supported in LTE V2X, only open-loop power control based on the Uu downlink path loss is utilized in LTE V2X. On the other hand, for unicast transmissions in NR Release 15, beam-based open and closed-loop power control schemes are used. As already agreed from [10], open and closed-loop power control for NR sidelink should be studied. Furthermore, since beam-based transmissions for the sidelink should also be supported in NR V2X, the sidelink power control schemes also need to be beam-based. For enabling the NR sidelink power control (open- and closed-loop) schemes to operate efficiently, the UE therefore needs to make beam-based path loss measurements from both the Uu downlink (like in LTE V2X) and from the target UE, as also proposed in [6]. This enables the transmission power for the required sidelink to be optimized as well as any (adjacent channel) interference to be minimized. 
Proposal 6: Open- and closed-loop sidelink power control schemes should support beam-based transmissions, and the required beam-based path loss measurements.
Resource allocation considering beam-based transmission/reception
Directional transmission/reception for sidelink (e.g. unicast) allows for spatial reuse of time-frequency resources across sidelinks [11], [12], as depicted in Figure 2. This aspect can be taken into account for the scheduling and resource allocation in NR V2X, to enable an efficient use of the resources. Based on sidelink beam-based measurements, a UE can determine the interference impact for a transmission. This information can be leveraged for the resource selection procedure in sidelink Mode 1 and Mode 2, allowing for spatial reuse of resources taking the potential interference impact into account. Thus, mechanisms for enabling spatial reuse of resources based on beam-based measurements should be studied.
Proposal 7: The use of beam-based sidelink measurements for resource allocation should be studied.
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[bookmark: _Ref505866518]Figure 2. Beam-based transmission/reception allows links  and  to use the same sidelink resource without interference despite their proximity.
As mentioned before, a common design for FR1 and FR2 can also be supported for beam measurement and beam reporting in NR V2X. 
Conclusion
In this contribution, we discussed beamforming for NR V2X. The conclusions are as follows:
Proposal 1: NR V2X sidelink should support a common beam management framework for FR1 and FR2
Proposal 2: Beam management including beam sweeping should be supported for sidelink unicast, groupcast, and broadcast transmissions. 
Proposal 3: Beam measurement and beam reporting for V2X sidelink should be supported, with the feedback report containing beam information such as CRI/SRI and the corresponding RSRP.
Proposal 4: Study schemes to support beam failure recovery utilizing Uu link and sidelink in NR V2X.
Proposal 5: For UE triggered transmission of SLSS, the UE transmits SLSS in a beam which satisfies the triggering conditions based on measurements on that beam, where the triggering conditions are either provided by the gNB or preconfigured.
[bookmark: _GoBack]Proposal 6: Open and closed loop sidelink power control schemes should support beam-based transmission should be studied, and the required beam-based path loss measurements.
Proposal 7: The use of beam-based sidelink measurements for resource allocation should be studied.
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