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1 Introduction
To specify the resource allocation mechanisms for NR V2X SL is one of the objectives included in the recently approved WI for NR V2X as follows [1]:

	· Resource allocation [RAN1, RAN2]

· Mode 1

· NR sidelink scheduling by NR Uu and LTE Uu as per the study outcome

· Mode 2

· Sensing and resource selection procedures based on sidelink pre-configuration and configuration by NR Uu and LTE Uu as per the study outcome

[…]


The corresponding NR V2X requirements are set by SA1 in TR 22.886 [2] and TS 22.186 [3]. 

As mentioned above, it is agreed that at least two sidelink resource allocation modes are defined for NR-V2X sidelink communication [1]:
· Mode 1: Base station schedules sidelink resource(s) to be used by UE for sidelink transmission(s)
· Mode 2: UE determines (i.e. base station does not schedule) sidelink transmission resource(s) within sidelink resources configured by base station/network or pre-configured sidelink resources
In this paper, we have some discussion and proposals on SL resource utilization under Uu RRC connection interruption.

2 Discussion on handling Uu interruptions 
The use of a SL resource grant or configuration acquired in coverage, may sometimes need to be extended even though the UE experiences a (short) interruption to Uu connectivity, including cases leading to switching the RRC state, and switching or simultaneously operating the two SL modes 1 and 2. Two main reasons for continued use of a resource grant or configuration are:
· 1) Sudden changes in the gNB coverage, e.g., severe temporary fading or beam failure due to highly mobile and dynamic vehicular environment; and
· 2) Predictable gaps in the network reachability, e.g., tunnels without coverage or coverage gaps in the early stages of NR deployment, where vehicular UEs experience longer, but time-limited out-of-coverage conditions. 
In Rel 14/15 LTE-V2X, as soon as they enter out-of-coverage, UEs resort to sensing-based autonomous resource selection mode (called “Mode 4”) to perform SL V2X transmissions, “exceptional pools” is used before the sensing result is available, and when the sensing result is available, the resource pools broadcast by the eNB or pre-configured resource pools will be used for data transmission. 
However, in any of the above cases, the performance of NR SL V2X communications for a UE switching for a short while to another RRC state will be degraded:

· Ongoing SL V2X transmission/receptions are delayed or ceased due to not receiving control information from gNB, particularly during a severe temporary fading, which may degrade the performance of safety applications.

· Upon loss of coverage without any notice in advance, where UEs switch from one Uu RRC state to another, difference in the availability of resources, including switching between SL modes (e.g., from Mode 1 to Mode 2) will degrade the performance of advanced V2X use cases.
Observation 1: Short-term interruptions in Uu connectivity can impact the performance of advanced SL V2X use cases.
To satisfy the stringent requirements for the advanced V2X use cases, the handling of advanced V2X use cases when the loss of connectivity is only brief, whether predicted or unpredicted from the network’s point-of-view is worth defining.
In the case of unpredicted interruption, for example, due to sudden vehicular environment variation (e.g., LOS on the Uu link blocked by a truck), gNB can pre-configure a “default” UE behaviour, which allows the UEs to continue using their already-allocated Mode 1 resources, (e.g., configured grants). The usage is allowed upon the detection of the interruption by the UE (e.g., detection of RLF), until a configured threshold is reached by the UE, and can take place across different SL operation modes, i.e., a UE operating Mode 1 or simultaneous Mode 1 and 2 may reconnect upon interruption on Uu connection, or it may switch to Mode 2 operation, during that time. In the latter case, UE may continue using the already assigned SL resource by gNB, even after Uu connection interruption, until the threshold condition is met. An example is shown in Figure 1.
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Figure 1. Illustration for the transmission for the case when RRC connection interruption occur
Figure 1 illustrates an example where SL Mode-1 resources continue to be used by a UE upon encountering RRC connection interruption until the threshold is met. During this time, UE may re-establish its connection to the network. Then, the performance of ongoing V2V transmissions remains unaffected. Otherwise, UE eventually switches to new resources under Mode-2 operation, e.g., the ones selected autonomously as a result of sensing procedure. 
The threshold allows a continued utilization of the current SL configured grant, together with the associated SL Tx/Rx pools, V2X SIB, SL RB configurations, and the QoS flows mapped to them. The allowed threshold also enables graceful termination of the configurations, in case switching to a new configuration is eventually necessary, which would otherwise lead to switching to exceptional pools, reconfiguration of V2X SIB (as pointed out in [4]), and reconfiguration or remapping of SL RB and QoS flows (as pointed out in [5]). The threshold can take a form of a timer. Referring to Figure 1, the timer would be triggered when, for example, UE experiences RRC connection interruption (e.g., due to RLF), and would allow the UE to utilize the resources until its expiration.
Proposal 1: To maintain reliable SL transmissions when a UE experiences Uu connection interruption, gNB broadcasts a configuration allowing use of current SL configured grants with the associated SL resource pool, V2X SIB, SLRB configurations, and the QoS flows mapped to them, upon detection of the interruption by the UE, until a configured threshold on e.g. time is reached. The configuration provided by the gNB can be UE-specific, e.g., indicated via the SL grant configuration (cf. [6]). This is particularly relevant in case the short-term interruption is known to the network beforehand, e.g., via detecting a decrease in RSRP values in the UE measurements, or long-term interruptions due to fixed infrastructure such as a tunnel. Alternatively, UE may be informed by gNB beforehand, e.g., to switch from Mode-1 to the simultaneous operation of both modes. In such cases gNB can provide a grant for the UEs to use during disconnection or during the period of simultaneous mode operation. In addition to the case of continued use of the existing resources, new resources can also be assigned specifically for such periods. Again, one example of the configuration threshold provided is a timer, which would be activated upon an interruption event (e.g., RLF).
Proposal 2: gNB can provide a configuration so that UE can start or continue using a SL grant with the associated SL resource pool, V2X SIB, SLRB configurations, and the QoS flows mapped to them, upon the UE experiencing Uu connection interruption, until e.g. a UE-specific timer expires.
3 Conclusion

In this paper, we have some discussion on handling SL for intermittent Uu connectivity, and we have the following observation and proposals:
Observation 1: Short-term interruptions in Uu connectivity can impact the performance of advanced SL V2X use cases.
Proposal 1: To maintain reliable SL transmissions when a UE experiences Uu connection interruption, gNB broadcasts a configuration allowing use of current SL configured grants with the associated SL resource pool, V2X SIB, SLRB configurations, and the QoS flows mapped to them, upon detection of the interruption by the UE, until a configured threshold on e.g. time is reached, irrespective of the SL mode UE operates.
Proposal 2: gNB can provide a configuration so that UE can start or continue using a SL grant with the associated SL resource pool, V2X SIB, SLRB configurations, and the QoS flows mapped to them, upon the UE experiencing Uu connection interruption, until e.g. a UE-specific timer expires. 
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