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At RAN#83, a WI on NR V2X was agreed [1], which calls for the procedures needed to support the NR sidelink:
· Sidelink physical layer procedures as per the study outcome
· HARQ procedures [RAN1, RAN2]
· CSI acquisition for unicast [RAN1]
· CQI/RI reporting is supported and they are always reported together. No PMI reporting is supported in this work. Multi-rank PSSCH transmission is supported up to two antenna ports.
· In sidelink, CSI is delivered using PSSCH (including PSSCH containing CSI only) using the resource allocation procedure for data transmission.
· Power control [RAN1, RAN2]

During the SI phase, RAN1 discussed what measurements related to sidelink are needed. In particular, in RAN1 Ad-hoc meeting 1901 [2], the following agreement was achieved:
· Long-term measurement of sidelink signal is supported at least for unicast.
· Long-term measurement here means a measurement with L3 filtering.
· This measurement is used at least for the open-loop power control.
· FFS for other purpose
· FFS: measurement metric
· FFS: which signal is used
· FFS: whether feedback of this measurement is needed
· FFS whether this is applicable to groupcast
In addition, at RAN1#96 [3], the following working assumption on RS related to CSI was achieved:
· There is no standalone RS transmission dedicated to CSI reporting in Rel-16
· NR sidelink CSI strives to reuse the CSI framework for NR Uu.
· Discuss details during WI phase
In this contribution, we analyze the design of long-term measurements in sidelink. Shorter-term measurements are also needed for NR V2X SL, and are discussed in [4] and [5].
Note: in this contribution, the prefix “S-“ is added in front of measurements defined for Uu when a similar measurement is considered for the SL. For instance, ‘S-RSRP” is the SL equivalent of the RSRP defined for the Uu link.
Long-term measurement 
Measurement feedback
In NR V2X, long-term measurements are supported for open-loop power control of at least unicast transmissions. Such long-term measurement are mainly used for estimating the sidelink pathloss. For open-loop power control, the TX UE may derive the pathloss estimation for the link between itself and the RX UE, based on the feedback of the long-term measurement from the receiver UE. In order for the RX UE(s) to perform measurements, the TX UE needs to periodically transmit a reference signal. Such reference signal can be the SL CSI-RS, transmitted in a standalone manner for the purposes of RLM, or with PSSCH. The RX UE performs the measurements on the received SL CSI-RS. Periodically, or when triggered by the TX UE, the RX UE can feedback this measurement to the TX UE in layer 3 through the SL RRC message. The TX UE can then apply power control for its sidelink transmissions. Figure 1 provides a simple illustration of the long-term measurement feedback for the sidelink power control procedure. 
[image: ]
Fig. 1 Long-term measurement in sidelink power control
For groupcast transmissions, the TX UE simultaneously transmits the same information to multiple RX UEs. Similar to unicast, the TX UE in groupcast knows the existence of all the RX UEs and the link between the TX UE and the RX UEs has been established. Then, to enable functionalities such as power control and link maintenance, long-term measurements should also be applied. For example, for the groupcast transmission between the platoon leader and the members in the platoon, the platoon leader can transmit SL CSI-RS to all the members, collect measurement feedback from them and adjust its transmit power, as shown in Figure 2. When the number of the UEs in the group is larger, the tradeoff between the signaling cost of the long-term measurements and the achievable gain needs to be taken into account.
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Fig. 2 Long-term measurement in the platoon
Proposal 1: NR V2X supports feedback to a transmitter UE of the long-term measurement result performed at a receiver UE for unicast and groupcast.
Measurement metrics
For resource allocation mode 2, control of the transmissions in NR V2X is distributed, especially for the out-of-coverage scenario. Even for in-coverage, the gNB may not be aware of the conditions of all the ongoing sidelink transmissions. This is quite different from the Uu interface and should be taken into account when designing the metrics for long-term measurement in sidelink. Generally, the S-RSRP should be supported for long-term measurement in sidelink. The S-RSRP can be applied for e.g., sidelink power control, selection of the synchronization source or sidelink RLM. S-RSSI is defined in LTE-V2X, but its use is in resource selection based on periodic traffic which is not present in advanced V2X use cases. 
S-RSRQ and S-SINR, capture both the signal and interference. They may not be necessary for the sidelink since the interference can be much more variable on the SL than on the Uu link. 
Proposal 2: At least S-RSRP is defined for sidelink long-term measurements.
Signals for long-term measurement
In NR Uu, SS/PBCH block and CSI-RS can be used for long-term measurement. A similar approach seems suitable in defining sidelink long-term measurements. Specifically, the S-SSB can be used for long-term measurement. The UE can measure the S-SSS or the PSBCH DMRS to obtain the S-RSRP. However, the S-SSB is not an always-on signal in sidelink and in addition, not all the UEs may transmit S-SSB. Consequently, S-SSB alone may not be enough to satisfy the requirements of long-term measurement. Thus, SL CSI-RS are also needed. Periodic SL CSI-RS for long-term measurement can be configured by gNB for in-coverage UEs. More specifically, the gNB can periodically configure some slots or OFDM symbols, which are exclusively used for the transmission of SL CSI-RS, in the V2X resource pool, shown in Figure 3. For the in-coverage scenario, the TX UE will select the SL CSI-RS resource based on gNB’s scheduling. For the out-of-coverage scenario, several configurations of SL CSI-RS are predefined and the UE will choose the proper one based on sensing performed by itself.
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Fig. 3 Configuration of periodic SL CSI-RS
Proposal 3: Use of S-SSB and/or SL CSI-RS are supported for long-term measurements in sidelink, and support configuration of periodic SL CSI-RS for the long-term measurements.
Long term measurement for SL RLM/RLF and RRM
In TR 38.885 [6], there are some descriptions about side link  RLM/RLF as following:
For AS-level link management in unicast, SL RLM/RLF declaration is supported. For RLC AM in SL unicast, RLF declaration is triggered by indication from RLC that the maximum number of retransmissions has been reached. The AS-level link status (e.g., failure) should be informed to upper layers. No RLM design specific to groupcast, different than the RLM procedure for unicast, is considered. There is no need for RLM/RLF declarations among group members for groupcast.
The above conclusions on SL RLM/RLF were discussed and agreed in RAN2. In this section, the specification work for RAN1 is discussed. 
SL RLM/RLF in the context of unicast side link is the procedure for the UE to monitor side link quality of TX UE. It is based on the configured RLM reference signal. A RX UE is able to determine whether it is in in-sync or in out-of-sync state with respect to unicast sidelink and report measurement to MAC layer. Once RLF is declared, physical layer will perform link recovery as per MAC/RRC indication.
RLM procedure activation/de-activation 
In NR, RLM/RLF procedure will begin when UE enters connected mode. For sidelink unicast, RLM/RLF may not always be required. For example, when the distance between the TX UE and the RX UE is long and there is no sidelink traffic, the RLM for the link is not needed. By limiting the conditions that RLM/RLF is activated, we can keep the cost of the system resource at an acceptable level.
RLM/RLF capability
In NR, to reduce the complexity of UE’s implementation, the RLM/RLF capability is defined in TS 38.213 section 3, which limits the number of radio link monitor RS to be 2/4/8 and the number of radio link recovery RS to be 2/6/8 for different frequency ranges. Following the similar motivation, the maximum number of RLM RS and RLF RS shall be discussed for sidelink.
Proposal 4: For supporting SL RLM/RLF, the NR Uu procedures can be simplified in the following areas:
· RLM/RLF RS resource overhead reduction.
· Mechanisms appropriate to sidelink for RLM/RLF activation/de-activation.
· Reduced number of ports to monitor for RLM and RLF.
In NR Uu interface, RRM is mainly used for cell mobility, random access and beam management. While for sidelink, since the transmissions are among different UEs rather than between UE and cells, cell mobility and random access do not need to be considered in sidelink. For the beam management in sidelink, the following conclusion was achieved at RAN#83 [7]:
	Sidelink design starts with frequencies in FR1, and NR sidelink in FR2 is supported by applying the design for FR1 and PT-RS to the numerologies agreed for FR2. No FR2 specific optimization is supported in this WI except PT-RS. No beam management is supported in this work.


Based on the above analysis, we think that sidelink RRM is not supported in the current release.
Proposal 5: Sidelink RRM is not supported in Release 16.
Long-term measurements for other purposes
Besides the power control in sidelink, long-term measurement are useful for other purposes. One typical application is the selection of the synchronization source. The out-of-coverage UE will try to find a synchronization source. When GNSS is not available, the out-of-coverage UE will try to synchronize to SyncRefUEs, i.e. UEs acting as synchronization references. When receiving S-SSBs from multiple nearby SyncRefUEs, long-term measurement will help a UE to select the best one as its synchronization source. The UE can do long-term measurement based on the received S-SSBs and select the one with the highest measurement result, as shown in Figure 4. Before synchronizing to GNSS or gNB, the UE will keep performing long-term measurement on the received S-SSBs to update the synchronization source selection. The configuration of S-SSB and the related procedure for the synchronization sources can be based on that of LTE-V2X, and the detailed design will be discussed in [8].
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Fig. 4 Long-term measurement in the selection of synchronization source
Proposal 6: Long-term measurement for the selection of synchronization sources is based on the S-SSB.
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[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]This contribution has provided our view on the reference signal design for NR V2X. The following proposals have been made: 
Proposal 1: NR V2X supports feedback to a transmitter UE of the long-term measurement result performed at a receiver UE for unicast and groupcast.
Proposal 2: At least S-RSRP is defined for sidelink long-term measurements.
Proposal 3: Use of S-SSB and/or SL CSI-RS are supported for long-term measurements in sidelink, and support configuration of periodic SL CSI-RS for the long-term measurements.
Proposal 4: For supporting SL RLM/RLF, the NR Uu procedures can be simplified in the following areas:
· RLM/RLF RS resource overhead reduction.
· Mechanisms appropriate to sidelink for RLM/RLF activation/de-activation.
· Reduced number of ports to monitor for RLM and RLF.
Proposal 5: Sidelink RRM is not supported in Release 16.
Proposal 6: Long-term measurement for the selection of synchronization sources is based on the S-SSB.
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