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1 Introduction

At the TSG RAN1 Meeting #84bis, sensing principles for PC5 V2V communication were discussed and the following agreements were made by RAN1 WG:
· Both SA decoding and energy measurement are supported for sensing in UE autonomous resource selection.

· FFS how each of SA decoding and energy measurement is used.

· Note: strive for a design with manageable complexity especially in terms of SA blind decodes, UE buffer, etc.

In addition, RAN1 WG made conclusion on energy measurements for resource selection procedure:

· Continue discussion until next meeting for the following options for the purpose of resource selection for PSSCH

· Measurement of reception power of the decoded SA;
· Measurement of energy in SA resource;
· Measurement of energy in data resource.
In this contribution, we discuss the above aspects in more details focusing on utilization of SCI decoding and energy measurements for sidelink sensing and resource selection, in application to V2V communication. Our views on other PC5 V2V communication aspects are provided in our companion contributions [1]-[13].
2 Sensing and Different V2V Message Periodicities

2.1 On different V2V traffic/transmission periodicities

The V2V traffic may be quasi periodic and its periodicity may vary over time. The sensing operation principles should take into account the potential variation of traffic periodicity and the scenarios where UEs transmit V2V messages with different periods. For instance, if there is a traffic jam in one road direction, but the road is free in opposite direction then it is likely that there will be two dominant traffic periodicities: the one utilized by slowly moving vehicles (e.g. 1000 ms period due to traffic jam) and the one utilized by fast moving vehicles (e.g. 100 ms moving in opposite direction). In general, the transmission period of V2V messages may vary over time. At the same time, there may be relatively long time intervals, where periodicity of V2V messages does not change.
Observation 1
· V2V PC5 sensing principles should support different V2V traffic periodicities.
Introduced terms and definitions
In order to simplify the description of sensing operation principles and potential challenges of handling different V2V traffic periodicities, we introduce the following terms which are used across multiple contributions related to sensing operation principles (see also illustration in Figure 1):

· Sensing window. The sensing (monitoring) window is used by a UE to collect information from PSCCH transmissions of other vehicles and conduct corresponding energy measurements. This window may be configurable by network, predefined by specification or preconfigured in case of out of coverage operation and is expected to be common across UEs. In order to accommodate the lowest V2V message rate of 1 Hz the sensing window should be in the order of 1000 ms.
· Transmission window. The transmission window is the set of subframes where a UE performs resource selection for transmission of TB including potential retransmissions (packet transmission window). This window can be configurable by network, predefined by specification or preconfigured for out of coverage operation. The transmission window length should be less than 100 ms in order to satisfy V2V latency requirements.
· Transmission window period. The transmission window period is a resource allocation period that indicates the periodicity of transmission windows (packet transmission windows) within semi-persistent resource allocation window. This period is expected to be aligned with V2V message generation rate and meet latency requirement for periodic traffic transmission.
· Semi-persistent resource allocation window. The semi-persistent resource allocation window is an UE specific parameter that may depend on traffic pattern at the UE side. The maximum value of this window may be configurable by the network or determined by a UE autonomously. In general, the value of this semi-persistent resource allocation window should be limited and may be in the range of 100ms - 1000ms in order to cope with the mobility effects in vehicular environments [1].
The illustration of the sensing, transmission and semi-persistent resource allocation windows is shown in Figure 1.
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Figure 1: Sensing and resource re-selection.
Observation 2
· Sensing window duration should be larger or equal to maximum V2V traffic generation / transmission period in order to be able to efficiently handle traffic with large periodicity (e.g. 1000 ms).
· The longer the sensing window the higher the complexity of sensing and resource selection, but higher performance can be achieved from sensing and resource selection procedure.
2.2 On indication of semi-persistent resource allocation
As it was agreed by RAN1 WG, the V2V sensing is based on the semi-persistent resource allocation principle. Each V2V transmitter is expected to allocate “set of periodically occurring resources for transmission” informing V2V users about semi-persistent resources that it intends to use. The SPS resource allocation window duration should be carefully selected by transmitter so that V2V traffic fits the selected resource within transmission windows that may be signalled as the number of transmission window periods (packets) and transmission window period (TWP) inside SCI content [10]. The duration of transmission window may be pre-configured. The value of SPS allocation window can be calculated from these parameters.
There are several ways how a UE can use those parameters and indicate allocated resources:

Option 1: Resource allocation with minimum V2V transmission period (100 ms).
In this case, the value of TWP is 100 ms that is equal to the packet transmission latency requirement. The UE may pre-allocate resource for N TWPs. The resource allocation with minimum transmission period may lead to resource overbooking if it happens that the UE actually needs to transmit with a longer period.
The UE reserves resources every 100 ms in order to be able to transmit data packet, which could be generated with any lower periodicity, without violating latency requirement. Figure 2 depicts the case where UE1 has actual V2V transmission period equal to 400 ms and SPS allocation window of 1200 ms, however UE1 reserved 12 resources and used only 3 of them. This case leads to the situation when UE2 considers all 12 resources as reserved by UE1 during sensing procedure and may result in suboptimal performance.
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Figure 2: Resource allocation with 100ms period (min V2V message rate).
There are following advantages of this approach:

· Conservative mechanism for resource allocation (overbooking) that can easily satisfy latency requirements.

· The reduced sensing window duration about 100 ms is sufficient in this case.
At the same time, this method has several drawbacks:
· Significant resource overbooking/underutilization by V2V users with lower traffic generation frequencies.

· Pessimistic resource selection based on PSCCH sensing due to misaligned resource allocation and actual utilization of PSSCH resources.
Option 2: Resource allocation aligned with expected/estimated V2V traffic periodicity.
This approach is based on assumption that V2V transmitter may estimate V2V traffic generation period and time interval where the period deviation is not expected to be significant. By signalling these parameters in SCI, V2V transmitter can provide more accurate information on resource allocation. It should be noted that Option 2 may operate with certain granularity in terms of periodicity.
The advantage of this option is the more accurate resource allocation, so that improved performance in terms of sensing and resource selection can be achieved. The potential drawback is that UE may need to do resource reselection if the estimate of traffic periodicity is not accurate and does not fit pre-allocated resources (see Figure 3) for resource allocation according to option 2.
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Figure 3: Resource allocation with aligned V2V message generation rate.
The main difference in two resource allocation options is the assumption on availability of traffic related parameters/information. In addition, the option 2 is expected to provide better performance due to more accurate sensing and resource selection that assumes pre-allocation of resources consistent with the actual traffic.
In both considered options, the UE may need to cope with V2V packet arrival jitter. The potential jitter can be handled by reducing the latency budget of packet transmission on a reasonable amount of time and by selecting relatively small SPS allocation window.
2.3 On sensing and resource selection to support different V2V transmission periodicity
The UE resource selection behavior may also depend on its own traffic characteristics (e.g. periodicity), given that it may need to make a resource selection for multiple future transmission windows based on the historical observations made during sensing procedure.
Observation 3
· Resource selection behavior may depend on UE V2V traffic parameters (e.g. periodicity, priority, latency, packet size).
Let’s consider several examples illustrating sensing and resource selection challenges for V2V communication when UEs transmit V2V messages with different periods.
Example 1: UE1 and UE2 have different transmission periods 1000 ms and 200 ms respectively.

· UE1 allocates resources with 1000 ms periodicities, while UE2 allocates resources with 200 ms periodicities

· UE1 reselection (1000 ms) is triggered earlier than UE2 reselection (200 ms) => UE1 cannot predict potential change of UE2 resources and thus may not be able to take it into account for resource selection.
· The TW2 of UE1 overlaps with TW5 of UE2, while other TWs do not overlap. UE2 may detect this during sensing procedure when its reselection is triggered.
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Figure 4: Sensing and resource selection in case of different transmission periods
Open questions related to example 1:

· Should UE2 select the same resource for transmission within TW1-TW5 or optimize resource selection for each TW individually based on available information from sensing procedure?
· In case of TW specific resource selection, the higher PSCCH control signaling overhead may be needed.

· In case of common resource selection per multiple TWs (within SPS allocation window), the mechanism taking into account different sets of UEs present in different transmission windows is needed.
· Should UE1 trigger re-selection, if it observes that a better resource can be selected in overlapped window (i.e. TW2)?

· In general UE1 may trigger reselection, given that its sensing will continue till TW2 and it may detect that better resource is available for transmission in TW2 given that more information may be available due to ongoing sensing process, relative to the previously selected resource. However, such behavior may motivate collisions from system perspective since there may be multiple UEs that may prefer to reselect resource and thus result in random selection from system perspective.

Observation 4
· A UE should select resources taking into account already pre-allocated resources of other UEs within whole semi-persistent resource allocation interval.
Example 2: UE1 and UE2 have overlapped transmission windows and same transmission periods 
This example may be typical for highway scenarios when vehicles move with similar speeds over a long timescale.

· UE1 and UE2 allocate resources with 200 ms periodicities. The same semi-persistent resource allocation window is assumed for simplicity without loss of generality (see Figure 5).

· UE1 reselection is triggered earlier than UE2 reselection => UE1 cannot predict potential future change of UE2 resources and thus may not be able to take it into account for resource selection.

· UE2 TWs partially overlap with UE1 TWs.
Open questions related to example 2:

· What is the processing delay to take into account resource allocation from other UEs (n+c) - (n-b) = c + b
· n – time instance of reselection trigger

· (n-b) – end point of sensing window, when reselection is triggered (processed and available sensing results when reselection is triggered)
· (n+c) – time instance when UE indicates it resource allocation in SCI 
· Is it fair to follow resource selection decisions of other UEs that have earlier packet arrival (reselection trigger)?
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Figure 5: Sensing and resource selection in case of partially overlapped transmission windows
Observation 5
· The reselection processing delay may result in uncertainty for some of the PSCCH transmissions that were transmitted outside of sensing window used for resource selection.
· Duration of the semi-persistent resource allocation window (or reselection trigger instance) may change over time to address fairness for resource reselection (i.e. avoid one UE always following other UE resource selection decision).
Example 3: UE1 and UE2 have the same max transmission periods and non-overlapped transmission windows.
In this scenario, UEs transmit with a long periodicity, e.g. 1000 ms subject to 100 ms latency requirement. Similar to other cases, the sensing window should be at least 1000 ms, in order to take into account UEs that may transmit more frequently. However, if there are no such UEs, the only part of the sensing window that may be relevant for UE2 resource selection is within 100 ms time interval which is for example 1000-900 ms back from time instance of reselection trigger.
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Figure 6: Sensing and resource selection in case of non-overlapped transmission windows and max transmission periods
Open questions related to example 3:

· Whether semi-persistent resource allocation should be preserved for large transmission periods (e.g. 1000 ms)?
· In V2V scenarios there is a tradeoff between mobility and length of semi-persistent window. However for large transmission period the mobility is typically slow and therefore to preserve sensing operation principles the semi-persistent resource allocation is needed even for large transmission periods. Alternatively, sensing based resource selection may transform into random resource selection from system perspective, given that UEs may not be aware about resources selected by other UEs.
· Whether signaling of SPS information in SCI is needed?

· SCI should carry SPS information in order to predict utilization of resources selected by UEs. The energy only measurement over shared resources may not give sufficient information on utilization of resources.
Observation 6
· In order to extract benefits of sensing operation the semi-persistent resource allocation is required even for UEs transmitting with large transmission periodicities (e.g. 500-1000 ms).
· Signalling of semi-persistent resource allocation information (e.g. periodicity, amount of allocated resources / transmission windows) is needed for proper sensing and resource selection.

3 Conclusions

In this contribution, we discussed utilization of PSCCH decoding and energy measurements for sensing based V2V communication for UE autonomous resource selection. We noticed that sensing based operation should take into account the V2V transmissions with different traffic periodicities for resource selection that requires PSCCH decoding to determine the structure of resource utilization and inter-vehicular interference. In summary, we provided the set of observations that are relevant to sensing and resource selection procedure for PC5 based V2V communication and should be taken into account during the design of sensing and selection procedure.
Observation 1
· V2V PC5 sensing principles should support different V2V traffic periodicities.
Observation 2

· Sensing window duration should be larger or equal to maximum V2V traffic generation / transmission period in order to be able to efficiently handle traffic with large periodicity (e.g. 1000 ms).
· The longer the sensing window the higher the complexity of sensing and resource selection, but higher performance can be achieved from sensing and resource selection procedure.
Observation 3

· Resource selection behavior may depend on UE V2V traffic parameters (e.g. periodicity, priority, latency, packet size).
Observation 4

· A UE should select resources taking into account already pre-allocated resources of other UEs within whole semi-persistent resource allocation interval.
Observation 5

· The reselection processing delay may result in uncertainty for some of the PSCCH transmissions that were transmitted outside of sensing window used for resource selection.

· Duration of the semi-persistent resource allocation window (or reselection trigger instance) may change over time to address fairness for resource reselection (i.e. avoid one UE always following other UE resource selection decision).
Observation 6
· In order to extract benefits of sensing operation the semi-persistent resource allocation is required even for UEs transmitting with large transmission periodicities (e.g. 500-1000 ms).

· Signalling of semi-persistent resource allocation information (e.g. periodicity, amount of allocated resources / transmission windows) is needed for proper sensing and resource selection.
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