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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 [2]-[13].
2 Utilization of PSCCH Decoding Information
Based on the discussion in [4], 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 meeting, 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 [7].
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.
The PSCCH decoding only may not be sufficient for sensing based resource selection procedure. In particular, if considered set of resources is occupied, the congestion level on each resource may be different. In particular, each resource may be occupied by different number of transmitters and/or characterized by different receive energy. Therefore additional energy measurements, characterizing congestion level on each resource may be beneficial to select the less congested resource for transmission. In order to simplify sensing and resource selection operation it may be reasonable to increase granularity of frequency allocation without introducing constraints on transmission bandwidth. For instance, the minimum frequency granularity in the range of 4-6 PRBs can be recommended. In addition, the similar granularity of PSSCH resource power measurement can be considered independently whether direct measurements or indirect based on PSCCH are defined.
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.
· Frequency granularity of resource allocation is increased (e.g. up to 4-6 PRBs) to simplify sensing and resource selection procedures. The granularity of PSSCH power estimation is aligned with frequency resource allocation granularity.
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 the next section.

3 Utilization of Energy Measurements

As it was agreed at the previous RAN1 WG #84bis meeting, the energy measurements are used for resource selection. Three types of energy measurements were identified for further analysis:
· Measurement of reception power of the decoded SA;

· Measurement of energy in SA resource;

· Measurement of energy in data resource.
Given that each subframe may have multiple frequency resources the energy 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).
Below, we discuss the pros and cons of each measurement that can be utilized for V2V sensing and resource selection procedure.

· Option 1: Measurements of reception power of the decoded PSCCH transmissions. The main benefits 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. In addition using this measurement it is possible to estimate/emulate IBE from the detected transmitter in resource selection procedure. The latter may be advantageous to address the near-far and IBE problem in resource selection as it is was shown in [13]. The potential disadvantage is the limited accuracy of measurements due to small processing gain within one PRB bandwidth. The latter can be improved if intra-slot operation is introduced or bandwidth of PSCCH resource is increased. Additionally, the data REs can be potentially used for energy estimation, given that PSCCH decoding is assumed.
· Option 2: Measurements of energy in PSCCH resource (control resources). These are relatively simple time and frequency selective RSSI measurements that do not require decoding or knowledge of DMRS signals. However these measurements may not be sufficient due to IBE problem and can be used only in combination with other measurements (e.g. to estimate PSCCH signal quality). The drawback of this type of measurements is that it cannot differentiate received energy component from the particular transmitter. Instead, it provides total received power of PSCCH resource that may include received power components from multiple transmitters as well as IBE from transmission on other PSCCH or PSSCH resources and background noise. In addition the measurement cannot be used to characterize the energy on PSSCH data resources unless there is one-to-one mapping of PSCCH and PSSCH resources is defined.
· Option 3: Measurement of energy in data resource (PSSCH). Similar to option 2, it may be simple time and frequency selective RSSI-like measurements that do not require decoding or knowledge of DMRS signals. It can be used in combination with other measurements to indicate PSSCH signal quality. The drawback is that such measurement does not differentiate energy component from the particular transmitter, instead accumulates components from multiple co-channel transmitters, IBE from non-co-channel transmitters and background noise. 
Given the considerations provided above and system level evaluation results presented in [13], we conclude that the energy measurements over decoded PSCCH signals (Option 1) may provide more flexibility in terms of sensing and resource selection procedures by utilizing more accurate information on occupied resources and their congestion level.
The sensitivity of sensing algorithm to energy measurement error is illustrated on Figure 1, red curve represents sensing algorithm performance without measurement error, blue and green curves – uniformly distributed measurement error in ranges from -3 dB to 3 dB and from -6 dB to 6 dB respectively. Results show that the slight deviation in measurement error doesn’t lead to significant performance degradation.
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Figure 1. Impact of energy measurement error on V2V sensing algorithm.
Based on the discussion and analysis presented above, we have the following proposal:

Proposal 2
· Measurement of reception power of the decoded PSCCH signals is used for resource (re-)selection procedure.
On Resource Congestion Map
As it was elaborated in the previous section, the measurements of reception power of the decoded PSCCH transmissions can be used to construct the congestion map on PSSCH resources within UE transmission window, so that UE can select the appropriate resource within its transmission window. In case of semi-persistent resource allocation, the congestion map needs to be constructed for multiple transmission windows. In order to simplify resource selection, we proposed to use increased granularity for frequency allocation. Then UE can estimate the average power spectrum density for each frequency granularity within each subframe of UE transmission window.
The resource congestion map is further processed to determine the set of candidate resources that can be used for transmission by the UE according to its resource demands.

Proposal 3
· The energy measurement and payload information of decoded PSCCH signals are used to construct PSSCH resource congestion map for UE transmission window(s) within semi-persistent resource allocation window.

· The PSSCH resource congestion map is processed to determine the set of candidate resources for transmission.

· The UE randomly selects resource for transmission from the determined candidate resource set.
· The following aspects are FFS
· FFS if IBE floor is taken into account for PSSCH resource congestion map construction using PSCCH signal energy measurements for resource selection procedure.

· FFS if PSSCH resource congestion map is constructed for each transmission window or aggregated congestion map is used in case if multiple transmission windows are pre-allocated.
· FFS if amount of detected TXs utilizing resource is taken into account for the reselection.
On the determination of candidate resource selection set

In each subframe of shared channel resource within transmission window, UE identifies the “best” contiguous frequency allocation according to the agreed metric Q, characterizing resource quality. Each UE randomly selects among M available subframes of candidate resource set, where M is pre-determined as M = max (MMIN; MTHR). Here, MMIN is the minimum size of the candidate resources set (e.g. MMIN = 8); MTHR is the number of resources in resource congestion map that are equal or below the predetermined value of the resource congestion map threshold QMIN. The UE randomizes its resource selection in the selected candidate set of resources.
Depending on required transmission bandwidth, the actual resource allocation may be composed from multiple resource units (corresponding to min resource allocation granularity). The simple summation of received power/energy from each resource unit may not be appropriate metric to decide on aggregated quality of resource due to frequency selective interference. Therefore, we propose to further study and discuss metric used to characterize resource. One of the options that may be considered is a resource capacity metric measured at the transmitter side which is a log-scale function of the inverse receive power on given resource.
Proposal 4
· Further study the metric characterizing the quality of resource in resource selection procedure.
4 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 periodicities for resource selection that requires PSCCH decoding to determine the structure of resource utilization and inter-vehicular interference. 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.

· Frequency granularity of resource allocation is increased (e.g. up to 4-6 PRBs) to simplify sensing and resource selection procedures. The granularity of PSSCH power estimation is aligned with frequency resource allocation granularity.
Proposal 2

· Measurement of reception power of the decoded PSCCH signals is used for resource (re-)selection procedure.
Proposal 3

· The energy measurement and payload information of decoded PSCCH signals are used to construct PSSCH resource congestion map for UE transmission window(s) within semi-persistent resource allocation window.

· The PSSCH resource congestion map is processed to determine the set of candidate resources for transmission.

· The UE randomly selects resource for transmission from the determined candidate resource set.

· The following aspects are FFS
· FFS if IBE floor is taken into account for PSSCH resource congestion map construction using PSCCH signal energy measurements for resource selection procedure.

· FFS if PSSCH resource congestion map is constructed for each transmission window or aggregated congestion map is used in case if multiple transmission windows are pre-allocated.

· FFS if amount of detected TXs utilizing resource is taken into account for the reselection.
Proposal 4
· Further study the metric characterizing the quality of resource in resource selection procedure.
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