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1 Introduction

At the RAN1#86bis meeting, the support of P2V communication was discussed. It was agreed that for P2V communication, the random and partial sensing based resource selection is supported. In this contribution, we discuss resource selection details for P2V communication based on partial sensing according to the following agreements made by RAN1 WG at the previous meetings:
Agreements:
	· RAN1#86

· The specification supports the possibility for a P-UE to use partial sensing in a subset of subframes
· Details of P-UE partial sensing are FFS.
· V2V sensing-based resource selection is the baseline; strive to define P-UE partial sensing-based resource selection to be as similar as possible to V2V sensing-based resource selection.
· FFS whether support of partial sensing is mandatory for P-UEs with sidelink RX capability.
· FFS under what conditions a P-UE that supports partial sensing uses partial sensing.
· If a P-UE uses partial sensing, details of resource pool FFS.
· RAN1#86bis

· The following aspects needs to be addressed to define resource selection based on partial sensing

· How to determine the subset of subframes in which UE performs sensing

· How to determine the subset of subframes for the candidates of resource selection

· How to relate these two subsets

· Study the above aspects in terms of PRR and energy consumption.


Our views on other aspects of V2V/V2X communication are provided in companion contributions [1]-[10].
2 Partial Sensing and Resource Reselection Details
The partial sensing and resource selection procedure for P-UEs may be simplified to reduce P-UE complexity and power consumption. In this section, we discuss simplifications of partial sensing and resource selection procedure that can be introduced for P-UEs.

2.1 Partial Sensing Terminology

The following terminology is used in this contribution to describe partial sensing.
Resource selection window – time interval where P-UEs perform resource selection. The duration of resource selection window for P-UEs may be reduced comparing to duration of sensing window for V2V UEs, e.g. from T2 = 100ms to T2 = 50ms or less in order to extract additional gains in P-UE power savings.
Sensing window - time interval where P-UEs perform sensing and measurements for resource selection. The sensing window duration may be equal to resource selection window duration.
Sensing period - this parameter describes the periodicity of P-UE sensing. The P-UE sensing period may be variable and can be aligned with message generation rate to increase P-UE power savings (e.g. 1000 ms for P-UEs – see Figure 1). On the other hand from V2V performance perspective, it may be more advantageous to perform P-UE sensing with minimum possible reservation interval (e.g. 100 ms as shown in Figure 2) at the expense of increased P-UE power consumption. Given that gain in power saving may outweigh the sensing performance loss, the long sensing periods aligned with resource reservation period of P-UEs may be sufficient. This assumption is aligned with conservative sensing approach agreed by RAN1 WG, given that UE performing resource reselection is not aware about duration of resource reservation decisions made by other UEs. These aspects are further discussed in the next subsection.
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Figure 1. P-UE sensing with periodicity equal to the message generation rate (actual resource reservation interval).
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Figure 2. P-UE sensing with periodicity equal to the minimum resource reservation interval.

2.2 Considerations on P-UE Sensing Period

The main motivations behind partial sensing for P-UEs is reduced impact on V2V sensing performance and power saving benefits of P-UEs. Considering that P-UEs typically transmit with periodicity of 1000ms and latency of 100ms, the partial sensing window of 100ms or less can be used every 1000 ms interval. The P-UE sensing period of 1000 ms may take into account all V2V transmissions with periodicity of 100, 200, 500 and 1000 ms, given that 1000 is multiple of 100, 200, 500. Other transmission periods can be taken into account only if they fall into the sensing window period otherwise these transmission periods are not taken into account. The potential drawback of 1000ms sensing approach is that V-UE can reselect resource before P-UE transmission on reselected resource. This problem is rather general and unavoidable for UEs performing resource reselection at the same time interval. One option to cope with this problem is to indicate P-UE reselected resource in advance (e.g. one sensing period ahead), so that V-UEs can take into account the P-UE resource reselection decision. However this approach may have limitation due to look ahead scheduling of TBS/MCS and limited reselection window duration and is not practical. Another approach to this problem is to utilize two partial sensing processes at P-UE with periodicity of 1000ms and predefined shift/offset in time (e.g. on 100ms-20ms). The first sensing process will take into account the transmissions with large reservation intervals, e.g. 1000ms while the second sensing process will take into account transmissions with short reservation intervals. In this case P-UE, can take into account resource reselection decision of V-UEs that transmit with short transmission period.
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Figure 3. Illustration of two partial sensing processes for P-UE resource selection.

Observation 1
· Two sensing processes with 1000ms period and time offset can be used at P-UEs to take into account short and long V2V transmission periods.
For V2V transmission periods 300-400 ms and 600-900 ms, the P-UE (sensing every 1000 ms) has information only for transmissions that fall into the periodical sensing window, given that 1000 ms is not multiple of these periods. At the same time, the potential collisions with V2V transmission periods of 600-900ms have lower probability (in a worst case, 1 collision per 3, 7, 4 and 9 seconds for the case of 600, 700, 800 and 900ms respectively). Therefore these transmission periods are somewhat of lower importance in terms of sensing, especially if resource reselection happens after transmission of 5-15 TBs. For the transmission periods of 300 and 400ms, the collision may happen more frequently e.g. once per 3 or 2 seconds in a worst case. However, taking into account that resource reselection time for 300 and 400 ms is upper bounded by 4.5 and 6 seconds respectively, these periods may also have limited impact on V2V performance.
Observation 2
· All transmission periods that fall into the P-UE sensing window can be taken into account in P-UE resource selection.

· Various transmission periods (that fall into the P-UE sensing window) have different impact on P-UE partial sensing.

· Indication of SL_RESOURCE_RESELECTION_COUNTER is beneficial for partial sensing by P-UEs.

In order to analyze the performance difference between two sensing options with 100ms and 1000ms sensing periods, we have conducted system level analysis in Urban deployment scenario. The PRR performance results are shown in Figure 4.
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Figure 4. Comparative analysis of 100 and 1000ms partial sensing periods.

Based on the analysis of presented results, we conclude that partial sensing with 1000 ms period is a more reasonable design option since it can provide increased power saving at the expense of the minor impact on PRR performance.
Proposal 1
· The 1000 ms sensing period is used for P-UEs.
2.3 Simplification of resource selection based on partial sensing
In this section, we discuss additional simplifications that can be considered for P-UEs. In terms of sensing and resource selection, the following simplifications are possible and may be analyzed:
· Option 1. SL-RSSI measurements only. Assuming that P-UEs transmit once per 1000ms it may be possible to apply SL-RSSI measurements only for resource selection. The P-UE can select candidate set of resources based on power measurements at intervals [n-TRSW, n] and/or [n-(1000-TRSW), n-900]. This option may simplify the resource selection but does not properly handle the priority of transmission.
· Option 2. PSCCH decoding and PSSCH-RSRP measurements. In V2V sensing and resource selection procedure, the PSCCH decoding is used to extract information about transmission priority and to perform PSSCH-RSRP measurements using DMRS signals. This information is used to exclude occupied resources and to provide preferential radio-conditions for higher priority transmissions. The remaining non-excluded resources can be used to form candidate resource set for resource selection.
· Option 3. Legacy V2V procedure. In this case PSCCH decoding, PSSCH-RSRP and SL-RSSI measurements are used for resource selection. This approach can take into account priority information and can be considered as a baselines for partial sensing based resource selection.
Taking into account that SL-RSSI only measurements do not differentiate priority levels and that benefits of skipping SL-RSSI measurements in case of PSCCH decoding and PSSCH-RSRP measurements are not obvious we prefer to reuse the V2V sensing and resource selection procedure for P2V communication utilizing partial sensing.

On PSSCH decoding. In considered resource selection options, the PSSCH decoding should not be mandated and can be skipped by P-UEs to reduce power consumption and complexity. In order to achieve power saving, UE anyway skips reception of large portion of resources and therefore mandating P-UEs to receive the PSSCH does not seem reasonable.
Resource reselection time. The P-UEs resource reselection time may be increased, since P-UEs typically move slowly thus there is no need for frequent reselection that may negatively affect P2V performance. Increased resource reselection cycles may also help vehicles to detect transmissions with long periodicity and handle those following full V2V sensing and resource selection procedure, as for the slowly moving vehicles.
Based on the discussion we have following proposals for P-UE partial sensing based resource reselection:
Proposal 2
· For P-UEs performing partial sensing for resource (re)selection, the following changes are introduced
· Duration of resource reselection and sensing window is reduced (e.g. 20, 50ms);
· Sensing window start time is left up to UE implementation;
· SL-RSSI averaging is done across sensing windows within 1000ms, if multiple P-UE sensing windows are enabled;
· Other details of P-UE partial sensing follow sidelink V2V sensing and resource selection procedure, including PSCCH decoding, PSCCH-RSRP and SL-RSSI measurements.
· The PSSCH decoding is left up to UE implementation, so that P-UE can save power if it is not required by upper layer protocol to receive V2V messages.
2.4 Physical Structure for P2V Communication

The V2V PSCCH/PSSCH physical structure and resource configuration can be reused for P2V communication. The eNB can indicate pool where P-UE partial sensing for resource selection is allowed and optionally restrict the set of subframes and frequency sub-channels, where P2V transmission with partial sensing based resource selection is enabled.

Proposal 3
· The physical structure and configuration of PSCCH and PSSCH is reused for partial sensing P2V communication.
· The same resource pool can be used for V2V and P2V communication.
· eNB provides pool specific indication if partial sensing based resource selection is allowed.
3 Other P2V Communication Aspects
On TX/RX chain capabilities

The power consumption and P-UE complexity are key considerations for P2V communication. If partial sensing, is used, the P-UE is expected to have sidelink reception capabilities. The P-UE may have multiple RX chains to monitor both DL and SL or single RX chain that is shared between DL and SL reception. The same assumptions are relevant for P-UE TX chain (dedicated or shared). Both options of dedicated and shared TX/RX chains can be considered for P2V communication. For single TX/RX chain sharing, the mechanism defined in LTE Rel.12 ProSe work can be assumed.

4 Conclusions

In this contribution, we provided our views on the details of partial sensing based resource selection procedure for P2V communication. According to our analysis, the following enhancements can be considered:
Proposal 1
· The 1000 ms sensing period is used for P-UEs.
Proposal 2
· For P-UEs performing partial sensing for resource (re)selection, the following changes are introduced

· Duration of resource reselection and sensing window is reduced (e.g. 20, 50ms);

· Sensing window start time is left up to UE implementation;

· SL-RSSI averaging is done across sensing windows within 1000ms, if multiple P-UE sensing windows are enabled;

· Other details of P-UE partial sensing follow sidelink V2V sensing and resource selection procedure, including PSCCH decoding, PSCCH-RSRP and SL-RSSI measurements.
· The PSSCH decoding is left up to UE implementation, so that P-UE can save power if it is not required by upper layer protocol to receive V2V messages.
Proposal 3
· The physical structure and configuration of PSCCH and PSSCH is reused for partial sensing P2V communication.
· The same resource pool can be used for V2V and P2V communication.
· eNB provides pool specific indication if partial sensing based resource selection is allowed.
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