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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.

At the RAN1#85 WG meeting, additional agreements were made. It was agreed that at the step#2 of resource reselection procedure UE can use SCI decoding and transmitter specific RSRP measurement to exclude certain set of resources from candidates for selection. At the step #3 of resource reselection procedure UE can additionally use received power measurements to determine the resource for actual transmission (please refer to [4] for more details).
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. Our views on other PC5 V2V communication aspects are provided in our companion contributions [1]-[11].
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 efficiently support different V2V traffic periodicities.
2.2 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. In order to accommodate the lowest V2V message rate of 1 Hz the sensing window was agreed to be equal to 1000 ms.
· Transmission window. The transmission window is the set of subframes where a UE performs resource selection for transmission of a TB including potential retransmissions (packet transmission window). In general 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. In general, the value of this semi-persistent resource allocation window should be limited in order to cope with the mobility effects in vehicular environments and may be in the range of 500 ms-1500 ms at least in case of message generation rate equal to 10 Hz.
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.

2.3 Semi-persistent resource allocation options
As it was agreed by RAN1 WG, the V2V sensing is based on the semi-persistent resource allocation principle, where 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. A vehicle that intends to transmit data performs sensing over one second time interval and determines the best resource within transmission windows of semi-persistent allocation. In order to determine the best resource UE processes SCIs from other transmitters within sensing window and performs energy measurement to identify the best resource for transmission.

The major challenge for sensing-based resource selection is that vehicles may transmit with different periodicities multiple of 100 ms depending on vehicle speed, where maximum and minimum message generation rates are bounded by 10 Hz and 1 Hz respectively. Therefore resource selection should be able to handle scenarios with various traffic periodicities. In addition, it should handle the semi-static resource reselections performed by other UEs since all vehicles reselect resources after certain amount of time. In order to cope with these challenges, in [8] it is proposed to signal the transmission periodicity and SPS counter of V2V transmissions within SPS resource allocation window.
The following two general approaches can be considered to handle the discussed above challenges. 

Option 1. UEs allocate resources with minimum transmission periodicity (e.g. 100 ms)
In this case we assume that there is no information on actual transmission periodicity provided by vehicles. In this case, in order to benefit from sensing procedure, UEs performing resource reselection can assume the worst case scenario. Therefore the sensing and resource selection should be done under the assumption that all vehicles transmit every 100 ms. The drawback of this assumption is that a UE cannot optimize resource selection decision and always follows conservative strategy in terms of resource selection decision. Figure 2 illustrates scenario where two UEs have actual transmission periodicity of 200 ms and transmit at orthogonal in time transmission windows due to different packet arrival time. Given that UEs do not know actual transmission periodicity of each other, both UEs when perform resource reselection will assume that each UE occupies resources every 100 ms, although their actual V2V transmissions do not compete for resources. It is obvious that such behavior will result in degraded sensing and resource selection performance given that these two particular UEs do not need to take into account information about their transmissions since those are orthogonal in time. Therefore the sensing and resource selection decisions are likely to be pessimistic and suboptimal. The only benefit of this approach is that UEs always have opportunity to occupy allocated resources and can easily meet latency requirement.
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Figure 2. Allocation of resources with minimum transmission periodicity (conservative sensing & resource selection)

Observation 2
· Resource allocation based on minimum transmission periodicity results in conservative sensing and resource selection behavior in case if actual transmission periods are multiple of minimum resource allocation periodicity.

· A UE performing semi-persistent resource reselection should be aware about its own transmission periodicity and transmission periodicity of other vehicles in order to optimize its own resource selection decision.
Option 2. UEs allocate resources with actual transmission periodicity

In this case the sensing and resource selection can be done by taking into account the periodicity of each transmitter (detected in the sensing window) and own transmission periodicity of UE performing resource selection and resource allocation. This approach assumes that V2V transmitter may estimate V2V traffic generation period and potentially time interval where the periodicity does not deviate significantly. These parameters can be signaled in SCI by each V2V transmitter and thus all UEs can take them into account to optimize resource selection decisions in their respective transmission windows. In this case the improved performance can be expected from the sensing and resource selection procedure. The potential drawback of this option is that UE may need to trigger resource reselection if the estimate of traffic periodicity is not accurate and does not fit the pre-allocated resources.
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Figure 3: Resource allocation based on actual V2V generation rate
Observation 3
· Resource allocation based on actual transmission periodicity can provide improved sensing-based resource selection performance.
2.4 Support of different V2V transmission periodicities
Given that vehicles may have different transmission periodicities, the vehicle performing resource reselection should take into account transmissions that fall into its own transmission window(s) (assuming it is aware about own transmission  periodicity). Based on transmission timing and information about SPS period indicated in SCI, the UE can project transmissions of other vehicles detected during the sensing window to the subsequent transmission windows (see Figure 4). However, subsequent transmission windows may have different set of UEs sharing particular transmission window that can happen due to different transmission periodicity.
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Figure 4: Impact of transmission periodicity on the set of interferers in UE transmission window.
In general case, in order to consider all possible combinations of active transmitters across all transmission windows of the UE performing resource reselection the information about transmission window duration, transmission window periodicity and SPS resource allocation window needs to be available.  The information about transmission window period and SPS resource allocation window can be signaled in SCI, while transmission window duration can be preconfigured. Different behaviors of UEs performing resource reselection can be considered depending on the information available at the receiver side. Below we consider several options depending on availability of transmission period and SPS allocation duration and analyze their implication on resource selection procedure discussed in [3].
Option 1. Actual transmission window period (P) and SPS allocation window are unknown
In this case, UE performing resource reselection is not aware about transmission period of other UEs that were detected within sensing window. In this case UE should take conservative approach and assume that vehicles transmit with minimum periodicity (e.g. 100 ms). Theoretically it is possible to learn the transmission periods by processing the sensing window, however if receiver UE needs to estimate periodicity of transmission from different UEs in the past and utilize it for future resource selection it is not clear why transmitter cannot do the same at the transmitter side. Therefore we see following implications on resource selection procedure:
Implication on Step 2 of resource selection procedure (Exclusion of resources occupied by transmitters) 
Given that information about transmission period is not available, receiver UE may assume that vehicles transmit with minimum period (e.g. 100 ms) and exclude resources occupied by transmitters, which transmissions fall into the transmission windows of UE performing resource reselection.

Implication on Step 3 of resource selection procedure (Selection of candidate resources for transmission)
At the step 3, the UE is supposed to work with remaining resources and measure total received power in order to determine the subset of candidate resources and select actual resource(s) for transmission, which is common across all transmission windows within semi-persistent resource allocation window. In this case, the UE can process relevant parts of the sensing window corresponding to its own transmission window and average total received energy for each resource across transmission windows. Given that UE is not aware about actual transmission period it can assume the minimum transmission window of 100 ms. Instead of simple averaging the UE can apply weighted average by emphasizing components towards the end of sensing window or take a conservative decision by using the maximum received power level across transmission windows.
Option 2. Actual transmission window period (P) is signaled by UEs, SPS allocation window duration is unknown
In case when transmission period is signaled by all transmitters, the UE performing resource reselection can take this information into account, when selecting resources. In this case the following implications are foreseen on resource selection procedure.

Implication on Step 2 of resource selection procedure (Exclusion of resources occupied by transmitters)
Given that UE knows period of transmission of all vehicles including its own period and SPS allocation window it can separately treat each transmission window. In this case, the vehicle-specific transmission period is projected to the transmission windows of the UE performing resource reselection within either SPS allocation window duration or pre-configured time interval (e.g. one second).
In each transmission window, UE excludes resources according to SCI decoding information and transmitter specific RSRP measurements. Then UE can apply the union operation to get the set of resources that should be excluded and use the remaining resources as candidate resources available for selection.

Implication on Step 3 of resource selection procedure (Selection of candidate resources for transmission)

The similar approach as described in case of Option 1 can be applied. The only difference is that UE can use its own transmission period to identify time intervals of the sensing windows corresponding to UE transmission windows that should be analyzed.
Option 3. Actual transmission window period (P) and SPS allocation window are known

The additional benefit of Option 3 comparing to the Option 2, is that UE performing the resource reselection can further improve operation at the step 2 of resource selection procedure. For instance, when UE excludes resources it can take into account the remaining transmission time of given vehicle on currently occupied resource and analyze whether it falls in at least one transmission window of SPS allocation window period. In addition signaling of SPS allocation time, can be used by UE to detect which UEs have released resources and performed resource reselection within given sensing window. This information should be taken into account in order to exclude information about transmissions that are not relevant anymore. 
3 Evaluation Results

In order to check sensitivity of sensing algorithms to the transmission periodicity, we considered Freeway scenario with mixed V2V traffic periodicities. In particular, we consider two scenarios where average number of transmitted packets is aligned:

1) 20% of vehicles transmit with 100 ms and 80% of vehicles transmit with 400 ms periodicity;

2) 50% of vehicles transmit with 20 0ms and 50% of vehicles transmit with 400 ms periodicity. 
In analysis, we considered sensing schemes with different assumption on signaling of transmission periodicity and SPS allocation window duration:

· Scheme 1 – Sensing and resource selection is based on assumption of 100 ms transmission periodicity;
· Scheme 2 – Sensing and resource selection takes into account actual transmission periodicity but the duration of SPS allocation windows other vehicles is unknown;

· Scheme 3 – Sensing and resource selection takes into account actual transmission periodicity and duration of SPS allocation window duration.
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Figure 5: Performance analysis in case of mixed transmission periodicities.

Based on the presented results we observe that performance is sensitive to the UE assumption on vehicle transmission periodicity and knowledge of SPS allocation window duration. Therefore we recommend signaling of those parameters in SCI.
Based on the presented results and discussion in section 2 we have following proposals.

Proposal

· Transmission periodicity is signaled in SCI jointly with the SPS allocation window counter and is taken into account at the step 2 of resource reselection procedure.

· At the step 2 of resource reselection procedure, UE performing resource reselection 

· Separately analyses the set of active transmitters in its own transmission windows 

· Collects information about resources to be excluded in each transmission window based on the transmitter specific RSRP measurements

· Combines information from all transmission windows to decide on the set of resources to be excluded

· At the step 3 of resource reselection procedure, for each remaining resource within transmission windows UE performs averaging of total received power across multiple transmission windows, which are projected from sensing window
· The number of transmissions windows where averaging is applied is configurable by eNB
4 Conclusions

In this contribution, we discussed challenges of sensing based resource reselection procedure in scenarios where mixed transmission periodicities can exist. We observe that signaling of actual transmission periodicity and SPS allocation counter is important to optimize resource selection performance in such scenarios. Based on the discussion and presented analysis we have following proposal:

Proposal

· Transmission periodicity is signaled in SCI jointly with the SPS allocation window counter and is taken into account at the step 2 of resource reselection procedure.

· At the step 2 of resource reselection procedure, UE performing resource reselection 

· Separately analyses the set of active transmitters in its own transmission windows 

· Collects information about resources to be excluded in each transmission window based on the transmitter specific RSRP measurements

· Combines information from all transmission windows to decide on the set of resources to be excluded

· At the step 3 of resource reselection procedure, for each remaining resource within transmission windows UE performs averaging of total received power across multiple transmission windows, which are projected from sensing window

· The number of transmissions windows where averaging is applied is configurable by eNB
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6 Appendix A: Summary of Evaluation Assumptions
In this section, we provide summary of system level simulation assumptions used for V2V evaluation in this contribution.

Table 1: Summary of system level evaluation assumptions
	Parameter
	Value

	Deployment Scenarios
	Freeway road:

Dense: average inter-vehicular distance ~ 1 sec · absolute vehicle speed 70 km/h

	Channel model
	According to the agreed V2V evaluation methodology 

	Traffic model
	Periodic traffic model according with randomized initial arrival time

· 20% of cars transmit with 100ms and 80% of cars transmit with 400ms periodicity;

· 50% of cars transmit with 200ms and 50% of cars transmit with 400ms periodicity. 

	Bandwidth
	10 MHz / 50 PRBs for PSCCH and PSSCH

	Modulation and Transport Block Size


	· Packet size - 190 bytes

· FDM-SSF Adjacent: 9 PRBs (code rate ~ 0.8 per TTI), TBS 1544, MCS 10
· Packet size - 300 bytes

· FDM-SSF Adjacent: 9 PRBs (code rate ~ 0.7 per TTI) , TBS 2600, MCS 15

	Evaluation modes
	Co-channel interference + in-band emission + half-duplex are taken into account

PSCCH & PSSCH

	Number of TTI per PDU
	1 TTIs

	# DMRSs per subframe
	15 kHz (1ms TTI): 4 DMRSs (for improved demodulation)

	Frequency hopping
	Enabled
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