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1. Introduction
During RAN4#90bis meeting, RRM requirement scope is discussed and a WF was agreed [1]. In this contribution, we discuss the scopes of four major topics in NR V2X RRM requirements.
2. Discussion
In general, RRM core requirements fall into 1 of the 4 categories
1. Timing requirement: the capability of the UE to maintaining its timing with respect to a certain reference synchronization source. This is often verified by observing the transmission start time of the UE. 

2. Discontinued Tx/Discontinued Rx requirements: those are allowance for UE to drop a certain amount of its transmissions/receptions due to various reasons.

3. Detection requirement: the ability of the UE to detect a certain known signal (e.g. base station synchronization signal, or Side link synchronization signal sent by other UEs, etc.).

4. Measurements: the ability of UE to measure a certain metric such as RSSI, RSRP or RSRQ. Those metrics are normally reported back to the network as part of RRM procedures. However, in the case of sidelink, some measurement metrics are consumed internally without any reporting.

Among the above 4 categories, 3. and 4. are depended on ongoing discussion in RAN 1. Hence, we focus our discussion here in 1. and 2.

 Timing requirement
There are 3 types of synchronization sources in V2X, base station, GNSS and SLSS from reference UE. We focus on GNSS and SLSS in the following discussion.
Tx timing accuracy requirement for GNSS based synchronization should be the same as LTE for SCS 15kHz, i.e. 12*Ts. For larger SCS, symbol and CP duration are smaller. However, the main contributor is propagation delay of the communication range of interest since there is no timing advance. Consider up to 1000m distance, the propagation delay is up to 3.33us. Tightening timing accuracy requirement for GNSS based synchronization, which is on the scale of dozens of ns, does not yield much improvement on overall timing accuracy. Therefore, we propose to have the same Tx timing accuracy requirement of 12*Ts across all the SCS options.
Observation 1: LTE requirement on Tx timing accuracy requirement of 12*Ts can be applied to all SCS options for GNSS based synchronization. 
Timing requirement for SLSS as synchronization source is pending on RAN1 progress of defining synchronization signal structure.
Discontinued Tx/Discontinued Rx requirements

For NR V2X, we foresee the following reasons that may lead to Discontinued Tx/Rx at the UE.
RRC configuration/reconfiguration

In this case, at least 1 slot of transmission/reception will be lost. This lost will apply to all interfaces on all carriers. The exact amount of lost is subjected to further study.
Observation 2: More than 1 slot of Tx/Rx is lost due to RRC configuration/reconfiguration.

RF chain retuning and configuration

RF retuning and configuration is usually needed when the same RF chain is used for different channels/operation. For NR V2X, due to in-device coexistence between LTE V2X and NR V2X, such RF chain reuse solution may be considered.

From reception point of view, any multimode UE that support both LTE V2X and NR V2X is required to receive both technologies at the same time. So, regardless of whether a single Rx chain is used to receive both technologies on both channels, or multiple RX chains are used to receive each technology on each channel separately; such RX chain(s) will never be re-tuned.

Observation 3: Simultaneous RX is assumed for requirement on interruption.
From transmission point of view, since both LTE V2X and NR V2X will support application with small amount of ON time, it makes sense for some UE implementation to dynamically share the Tx chain between LTE V2X and NR V2X in a TDM manner. If this is the case, the Tx chain may need to be re-tuned at every switch in order to meet Tx RF signal requirement. That switch will introduce discontinued Tx if the scheduled transmission happens to be sooner than the switching delay. For example, let’s assume that the switching delay is 4ms and LTE V2X perform resource selection at time N(ms). The following case may lead to packet drop at either NR V2X or LTE V2X.

1. If the chosen resource is at N+4 and NR V2X schedule a transmission at N+1. In this case RF chain cannot be re-tuned in time to do LTE V2X transmission. In some case, UE may also choose to drop NR V2X transmission so that it can re-tune to LTE V2X channel early for transmission. 
2. If the chosen resource is at N+4 and NR V2X schedule a transmission at N+7. In this case RF chain cannot be re-tuned in time to do NR V2X transmission after LTE transmission at N+4. In some case, UE may also choose to drop LTE V2X transmission so that it can re-tune to NR V2X channel early for transmission.
In general, there will be a time delay T, and if the distance between LTE V2X and NR V2X scheduled transmissions is within T, the UE has to drop at least one of the transmissions. Also, it is obvious that T should include at least the Tx chain retune and reconfigure time, plus some inherence delay for the baseband to send the scheduling command to RFIC. The exact delay T is implementation specific and companies are encouraged to bring their analysis on it.
Observation 4: If the timing separation between LTE V2X and NR V2X Tx is smaller than T, where T is the RF re-tuning delay, interruption on NR V2X or LTE V2X Tx is observed.
Another important aspect is whether Tx retuning and reconfiguration has any impact of reception operation or not. Traditionally, any retuning will result in interrupted operation on all other RF chains that share the same reference clock, including Rx chains. However, whether such interrupted operation results in interrupted reception or not depends on the ability of the UE to schedule the retuning time around packet reception times. Moreover, RF chain reconfiguration may also have some impact of Rx chain, which requires further analysis.

Observation 5: Tx retuning may interrupt Rx.
SLSS detection
For PC5 interface, SLSS is an important secondary source of synchronization in case the primary sync source (base station or GNSS) becomes unreliable. It allows UE to form locally synced clusters that may eventually merge together. In order to do that UEs are required to detect SLSS signals sent by other UEs within a certain delay at a certain SNR condition. For this purpose, the UE is allowed to drop some amount of data transmission and its own SLSS. 
As NR V2X is another form of PC5 interface, we expect the same behavior here. However, for NR V2X, as the expected reliability is quite high, it is not desirable to have too large data transmission dropping. In LTE V2X, the dropping allowance is at 8% for asynchronous sync search, which is too large if we consider, say 99% reliability requirement. So, we may need to consider some other trade off such as increasing detection delay or increase required SNR level. Such trade-off should be careful studied in conjunction with the sync search performance evaluation.

On the other hand, it worth noting that the dropping rates specified for LTE V2X and LTE D2D are quite pessimistic. In LTE V2X, UE is required to identify SyncRef UE within 8 seconds, and the allowed data drop is 6% (480ms). The 6% is derived by assuming that UE monitors 3 full SLSS periods. However, during this 480ms window, if a data transmission is scheduled, as long as we can observe the same location (in time) in a SLSS period after the 480ms window but within the search window of 8 seconds, UE can stop search and transmit the scheduled data, then perform search later, as shown in Figure 2‑1. In practice, the UE can concatenate multiple segments of sample data to form 1 full SLSS period. As long as the number of segments is not too large, this does not incur too much implementation complexity. This means that the actual drop rate can be further reduced to ensure high packet delivery ratio. As the amount of reduction is proportioned to the increase complexity, one may also consider specifying the drop rate as a UE capability. For example, UEs that support applications with not so high reliability requirement may drop more; other UEs that support more advanced applications need to implement more complex sync search algorithm that requires less dropping.
Observation 6: Data transmission interruption due to SLSS detection may be reduced by aggregating segments from different search periods.
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Figure 2‑1 Tx interruption to search
Thermal consideration
As the UE will be deploy within vehicles, the ambiance temperature can be quite high. This make thermal dissipation a challenging problem. On top of that, a typical UE implementation will need operate NR V2X, LTE V2X, GNSS, LTE Uu, NR eMBB all at the same time. This can raise the amount of generated heat to a significant level. One way to mitigate this is to allow UE to go to sleep state in a short period of time whenever the thermal level raise to a dangerous level. However, doing so would inherently introduce discontinues Tx/Rx that negatively affects service reliability. Such a trade-off would need careful study by RAN4.
Observation 7: DRx/DTx may be needed for thermal mitigation in NR V2X.

3. Conclusions
Observation 1: LTE requirement on Tx timing accuracy requirement of 12*Ts can be applied to all SCS options for GNSS based synchronization. 

Observation 2: More than 1 slot of Tx/Rx is lost due to RRC configuration/reconfiguration.

Observation 3: Simultaneous RX is assumed for requirement on interruption.

Observation 4: If the timing separation between LTE V2X and NR V2X Tx is smaller than T, where T is the RF re-tuning delay, interruption on NR V2X or LTE V2X Tx is observed.

Observation 5: Tx retuning may interrupt Rx.

Observation 6: Data transmission interruption due to SLSS detection may be reduced by aggregating segments from different search periods.

Observation 7: DRx/DTx may be needed for thermal mitigation in NR V2X.
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