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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.
The work on SCI decoding and energy measurements for V2V resource selection procedure was progressed at the RAN1#85 with the following set of agreements made:

· For PSSCH resource (re)selection when all the PSCCH/PSSCH transmissions have the same priority (FFS whether the initial resource selection needs to be designed differently from the procedure below)
· Step 1: All the resources are considered available.
· Step 2: UE excludes resources at least based on SA decoding and additional conditions. Down select one between the following options.
· Option 2-1: A resource is excluded if it is indicated or reserved by a decoded SA and the received DM RS power in the associated data resource is above a threshold.
· Option 2-2: A resource is excluded if it is indicated or reserved by a decoded SA and the energy in the associated data resource estimated from the measurement in the SA resource is above a threshold. Additional estimation of energy caused by in-band emission is not precluded.
· FFS the estimation of the energy in the associated data resource.
· Measuring energy of SA transmitted from a particular UE may not be accurate enough.
· The precise definition of “if it is indicated or reserved by a decoded SA” to be discussed later.
· FFS the details of the thresholds above
· Step 3: UE selects its transmission resource from the resources not excluded by (Down select one among the following options)
· Option 3-1:
· Step 3-1: UE measures and ranks the remaining PSSCH resources based on total received energy and selects a subset
· Step 3-2: UE compares the energy on the currently selected resource with the energy of the resources the subset. If the energy of the current resource is a threshold above the energy of all the resources in the subset, then UE selects one among the subset of resources.
· A semi-persistent period before reselection is triggered, UE transmits PSSCH on another resource in the subset identified in step 3-1 and measures the energy of the currently selected resource for step 3-2.
· Step 3-3: UE randomly selects one resource from the subset
· Option 3-2:
· Step 3-1: UE measures and ranks the remaining PSSCH resources based on total received energy and selects a subset
· Step 3-2: UE randomly selects one resource from the subset
· Option 3-3:
· Step 3-1: UE measures and ranks the remaining PSSCH resources based on total received energy and selects a subset
· Step 3-2: UE selects the resource that minimizes the frequency resource fragmentation from the subset.
· Option 3-4:
· Step 3-1: UE measures RX power of PSSCH resource indicated in the decoded SA, sum them as the total RX power of a subframe, and sorts the subframes according to the total RX power.

· Step 3-2: A set of available subframes consists of X subframes with the highest total RX power and Y subframes of the lowest total RX power. UE randomly selects transmission subframe(s) from this set.
· Step 3-3: UE randomly selects frequency from transmission subframe(s).
· FFS how to select resources for a wideband transmission based on the energy/power measurement above.
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 [3]-[13].
2 Utilization of PSCCH Decoding Information
Based on the discussion in [1], we conclude that utilization of PSCCH decoding is needed to unambiguously determine the set of occupied resources based on sensing procedure with semi-persistent transmission in UE autonomous resource selection mode. The PSCCH decoding can be used to extract primary and secondary control information for control of sensing and resource selection procedures. The primary information may have direct impact on UE resource selection decision and may be considered as a short-term information, while the secondary information can be used to adjust/tune system level parameters and optimize overall V2V communication performance in a longer timescale.
Primary Control Information

· Utilized time-frequency resources

· SCI indicates time-frequency resource allocation information identifying the particular resource utilized for transmission and retransmissions of each TB. This information is used to avoid co-channel collision in resource selection procedure.

· In order to simplify sensing and resource (re-)selection procedure, the minimum frequency resource granularity may be configured while the maximum transmission bandwidth may be left up to the allocated system bandwidth or (pre)-configured.
· Semi-persistent resource allocation parameters

· The parameters describing transmission within semi-persistent resource allocation window need to be also signaled by UE. Given that V2V transmission parameters may change over time at least the following information is needed for proper sensing operation: period, number of periods (duration), period counter before resource re-selection (indicates for how many remaining periods resource allocation is valid).
· Priority information

· As it was agreed at the previous RAN1 WG meetings, the priority handling mechanism needs to be supported. The Rel.12 resource allocation mechanism associates priority levels with resource pools. In our view, at least four priority levels need to be supported and signaled in SCI to support more dynamic mechanism of priority handling for V2V communication. The details on utilization of priority information for sensing and resource selection procedure are described in our companion contribution [11].
Secondary Control Information

· Amount of transmitters (amount of successfully decoded SCIs) – The PSCCH decoding can be used to estimate amount of transmitters in proximity. This information can serve as an indication of the congestion level jointly with the resource utilization statistics.
· Resource utilization – The PSCCH decoding can be used to estimate resource utilization statistics. A UE may decode PSCCH transmissions from other UEs and estimate the resource utilization by analyzing amount of occupied resources or monitoring the amount of non-utilized resources for different priority levels.
Proposal 1
· PSCCH decoding is used in resource (re)-selection procedure to extract information about pre-occupied time-frequency resources, semi-persistent resource allocation and priority of the V2V transmissions.
The PSCCH decoding is used to construct the map of occupied resources and used jointly with their energy metric for resource selection as further discussed in our companion contributions [5] and [12].
3 Utilization of Energy Measurements

As it was agreed at the previous RAN1 WG #85 meeting, the energy measurements are used for resource selection. Three types of energy measurements were identified for further analysis:
Measurements types

· SC-RSRP - RSRP measurement using PSCCH DMRS.
· SS-RSRP - RSRP measurement using PSSCH DMRS.
· RSSI - received signal strength indicator measurements over sidelink resources (SL-RSSI).
Below, we discuss the pros and cons of each measurement that can be utilized for V2V sensing and resource selection procedure.

· Measurements over decoded PSCCH transmissions (SC-RSRP). The main benefit of this approach is that UE can estimate energy component received from the particular transmitter. The measurement can be also used to estimate energy on PSSCH (data allocation) resources without data decoding assuming known TX power and resource allocation information from PSCCH decoding. This can be done in advance of the actual PSSCH transmission. The potential disadvantage is the limited accuracy of measurements due to small processing gain within one or two PRB allocation bandwidth or due to collided transmission from other transmitters that may lead to the biased estimate. However, when PSCCH is decoded the additional bias may not have significant impact on overall system performance.
· Measurements over PSSCH transmissions (SS-RSRP). The transmitter specific RSRP measurement can be also done over the sidelink shared channel transmissions. This measurement can be more accurate due to potentially larger bandwidth and UE-specific DMRS signals.
· RSSI measurements over SL channels. For sidelink RSSI measurements, it is possible to introduce sidelink RSSI measurements over sidelink control (SC-RSSI) or over sidelink shared (SS-RSSI) channel resources. These measurements can be used for selection of the control and shared channel resources. By definition these measurements should be time and frequency selective with predefined granularity in time and frequency.
In general, we believe that RSRP over PSCCH (SC-RSRP) and RSSI measurements over shared channel are sufficient for V2V sensing procedure. The SC-RSRP measurement is less computationally intensive and can be used to predict the received power over the data resources. As it was shown in our previous contribution [2], and reproduced here the relatively large SC-RSRP estimation error has negligible impact on PRR performance (see Figure 1 below). In addition, as it was agreed at the last RAN1 WG meeting, “All the decoded PSCCH transmissions in TTI [n-a, n-b) are taken into account”. Given that some of the PSSCH transmissions may be outside of the sensing window, the information about their power level can be extracted only from PSCCH transmission. In addition, it may happen that some of the PSSCH transmissions from other UEs can be in half-duplex conflict due to transmissions from given UE. In this case, the only way to estimate the PSSCH transmission power is to use PSCCH transmissions.
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Figure 1. Impact of energy measurement error on V2V sensing algorithm.
One more consideration in favor of PSCCH SC-RSRP measurement is that it has the same transmission bandwidth for all UEs, while the PSSCH transmission bandwidth is likely to be different and thus more complicated measurement procedure is needed to construct the PSSCH resource congestion map. Therefore we have preference to specify SC-RSRP measurements, however given the fact that same measurements can be done by using SS-RSRP we propose to introduce both SC-RSRP and SS-RSRP measurements, where SC-RSRP measurement can be used when the SS-RSRP measurement is not available.
In addition, in order to measure energy on remaining resources that were not excluded at the step (2) of the resource selection procedure, we propose to define SL-RSSI measurements. Given that each subframe may have multiple frequency resources the SL-RSSI measurement should be time and frequency selective. The granularity in time should be one subframe since this is a minimum allocation unit. On the other hand the granularity in frequency can be increased to reduce complexity of resource selection (i.e. more than one PRB should be considered).

Based on the discussion and analysis presented above, we have the following proposal:
Proposal 2
· Introduce both SC-RSRP and SS-RSRP measurements over DMRS signals of PSCCH and PSSCH channels. 

· UE uses SC-RSRP measurement to predict PSSCH received power when PSSCH is not available (either due to half-duplex constraint or outside of the sensing window).

· The SC-RSRP measurement is scaled according to the PSSCH transmission bandwidth and taking into account PSCCH and PSSCH transmission power settings.

· SL-RSSI measurements are introduced. The following granularity of SL-RSSI measurements is used:

· Granularity in time  - 1 subframe (subset of symbols can be used)
· Granularity in frequency - one sub-channel composed of several PRBs (e.g. 4-6 PRBs)
· Measurement resource granularity is aligned with granularity of frequency resource allocation.
4 Conclusions

In this contribution, we discussed utilization of PSCCH decoding and sidelink measurements for sensing based V2V communication and UE autonomous resource selection. We noticed that sensing based operation should take into account the following information from SCI decoding: utilized time-frequency resources, semi-persistent resource allocation parameters and priority information. In addition, we propose to introduce RSRP measurement over DMRS of PSCCH and PSSCH channels as well as time and frequency selective sidelink RSSI measurements. In summary, we have following proposals:
Proposal 1
· PSCCH decoding is used in resource (re)-selection procedure to extract information about pre-occupied time-frequency resources, semi-persistent resource allocation and priority of the V2V transmissions.

Proposal 2

· Introduce both SC-RSRP and SS-RSRP measurements over DMRS signals of PSCCH and PSSCH channels. 

· UE uses SC-RSRP measurement to predict PSSCH received power when PSSCH is not available (either due to half-duplex constraint or outside of the sensing window).

· The SC-RSRP measurement is scaled according to the PSSCH transmission bandwidth and taking into account PSCCH and PSSCH transmission power settings.

· SL-RSSI measurements are introduced. The following granularity of SL-RSSI measurements is used:

· Granularity in time  - 1 subframe (subset of symbols can be used)
· Granularity in frequency - one sub-channel composed of several PRBs (e.g. 4-6 PRBs)

· Measurement resource granularity is aligned with granularity of frequency resource allocation.
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