Page 1

3GPP TSG RAN WG1 Meeting #86

R1-166512
Gothenburg, Sweden, 22nd - 26th August 2016

Source:
Intel Corporation

Title:
Transmitter behavior for sidelink resource (re)selection
Agenda item:
7.2.2.2.1

Document for:
Discussion and Decision

1 Introduction

At the TSG RAN1 Meeting #85, the resource selection mechanism for V2V communication was discussed. The following agreements were made by RAN1 WG:

· 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 RX 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 RX 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 RX 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).

In this contribution, we discuss remaining details of resource selection and reselection principles. We start from the overview of the terms and definitions and then discuss details of resource reselection procedure. Our views on other PC5 V2V communication aspects are provided in our companion contributions [1]-[11].
2 Overview of Terms and Definitions

In [6] it is proposed to remove the notion of common SCI period for associated PSCCH and PSSCH pools by introducing transmission windows with UE-specific transmission window start time which is shown to be beneficial in terms of system-level performance. Irrespective of UE-common or UE-specific transmission windows in this document we define terms that help us to describe V2V resource selection procedure:

· Transmission window – time interval including the set of subframes where a UE performs resource selection for transmission of SCI or TB, including PSCCH or PSSCH retransmissions for given TB. The both PSCCH and PSSCH transmission windows can be defined. These windows may be time-aligned or consecutive in time.

· Transmission window period – this parameter indicates periodicity of transmission window occurrence in time (packet transmission period) within semi-persistent resource allocation window for given SPS process. Transmission window period is aligned with periodicity of TB transmission within given SPS process.
· SPS resource allocation window – time interval containing multiple transmission window periods for given SPS process.

· SPS process – semi-persistent process for periodical transmission of TBs (and retransmissions) over SPS resource allocation window.
· Sensing window – time interval used to monitor transmitted SCI and perform sensing measurements as a part of resource selection procedure.

In addition, we define the following timing relationship (see Figure 1 as an example of timing relationship for the case of PSCCH and PSSCH transmission in the same subframe).
· n – time instance of the resource reselection trigger;

· [(n-a); (n-b)) – sensing window used for resource selection corresponding to the trigger at time instance n;

· (n+c) – time instance of SCI (PSCCH) transmission when resource (re)-selection was triggered;

· (n+d) – time instance of data (PSSCH) transmission after resource reselection;

· (n+e) – time instance(s) of data (PSSCH) transmission for other TB(s) e = [e1, e2, e3,…].
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Figure 1: Resource reselection timing relationship (FDM-SSF).

3 Initial Resource Selection

The initial resource selection happens when UE is power on. The main open question here is whether UE should follow the resource (re)selection procedure for its initial transmission or can apply random resource selection principles until the sensing window is initialized. The random resource selection can help to reduce latency to access system resources while the sensing based operation is aligned with resource (re)selection procedure. Given that one of the main applications is road safety applications it may not be desirable to randomly transmit packets and therefore the sensing based transmission principle can be also applied for initial transmission. 
Proposal 1
· Initial transmission follows the resource reselection principles defined for V2V communication.

4 Step 2 of Resource Reselection Procedure
The output of step 2 of resource reselection procedure is the set of excluded resources and remaining set of resources that are candidate for selection. The set of candidate resources is further processed at the step 3 to determine the actual resource(s) for transmission.
The 2nd step of resource (re)selection procedure is based on SCI decoding and transmitter-specific RSRP measurements conducted either over PSSCH or PSCCH DMRS signals [3]. The following information is collected from processing of SCIs within sensing window: priority of the transmissions and occupied PSCCH and PSSCH resources. This information can be used to exclude certain resources and determine the set of candidate resources for selection that correspond to UE transmission window(s). The following resources can be excluded:
· The resources occupied by other UEs, if UE specific received power contribution on these resources is above preconfigured priority specific threshold. The priority specific threshold setting +inf means that resources occupied by UEs with higher priority transmission should not be used. The priority specific threshold setting -inf means that all resources corresponding to this priority level can be used for resource selection.
· The resources which are restricted for resource selection based on vehicle geo-location information (geo-based transmission) and fall into the PSSCH transmission window(s).

The priority specific thresholds may depend not only on the priority information of the transmitting UEs but also on the priority information of the UE performing resource reselection for SPS process with a given priority. Depending on threshold settings it is possible to have different system behaviors in terms of priority handling as elaborated in [9].
At the end of the 2nd step, it can be discovered that all resources are excluded (e.g. remaining set of resources is empty since all resources are occupied) or the remaining set of resources does not have the predefined minimum number of candidate resources (MCR) for selection. In this case, several options in terms of UE behavior can be considered:
· Option 1. UE autonomously increases the thresholds value by Δ in order to find the minimum number of the required candidate resources (MCR). The settings of Δ can be also priority specific. This approach may cause additional processing latency and require additional time for decision on resource selection [4].
· Option 2. UE selects the minimum number of candidate resources for selection based on ranking procedure as described in step 3 of resource selection procedure.
· Option 3. UE drops the packet transmission and postpones resource reselection on certain time Treselection_delay. In general, the mechanism for packet dropping should be controlled by upper layers. 

· Option 4. UE randomly selects the resource for transmission taking into account its own transmission priority level.
In our view, if we upper layers have provided the packets to L1 then it should be transmitted and therefore Option 3 seems practically reasonable choice. On the other hand upper layer should have congestion control mechanism to avoid such situation, as discussed in [5].

Proposal 2
· Discuss UE behavior in case if all resources are excluded at the step 2 of resource reselection procedure due to RSRP threshold settings.

Another open aspect that needs to be considered when UE decides on semi-persistent resource allocation is whether it should analyze the resources for multiple future transmission windows or make a decision based on the information collected for the first transmission window only. This aspect is analyzed in our companion contribution [10].

5 Step 3 of Resource Reselection Procedure
Discussion on identified options

Several options were identified for selection of actual resource(s) for transmission within transmission window(s) from the remaining set of candidate resources:
· Option 3-1 aims to compare the energy of the currently selected resource with the energy of resources inside of the subset of candidate resources with minimum energy. The resource is reselected only if energy of currently selected resource is threshold above of all resources within subset. In order to perform energy measurement on currently selected resource, UE is expected to temporarily change resource for transmission or drop one of the transmissions. Alternatively, the previously conducted measurements can be used, however those are likely to be outdated due to mobility.
· Option 3-2 assumes that currently selected resource will be reselected when resource reselection is triggered. The UE will randomize its resource selection within a subset of the identified candidate resource set.
· Option 3-3 is similar to Option 3-2, where instead of randomization UE tries to select resource that minimizes the frequency resource fragmentation from the subset. This approach requires more clarification on the details of frequency resource fragmentation aspect and its benefits. 

· Option 3-4 aims to divide subframes on high power and low power and then select low power resource from the randomly selected subframe set. In general, this option may show better performance in terms of PRR performance at large distances from the transmitter. On the other hand its performance at short distances degrades and leads to half-duplex among proximate transmitters.
Based on analysis of the identified options and system level evaluations presented at the previous meetings the Option 3-2 seems a reasonable design choice for V2V communication taking into account mobility of V2V environment and quite large resource reselection windows.

Proposal 3
· Option 3-2 is agreed as a baseline for sensing based resource selection.

Discussion on identification of subset of resources for selection
According to the agreements made by RAN1 WG, at the step 3 UE identifies subset of resources from the remaining resources determined at the step 2 of resource reselection procedure. A UE can perform energy measurements on remaining resources and apply resource ranking procedure to determine the subset of resources for selection. Note, that energy on resources that were released by other transmitters during the sensing window (e.g. from indication in SCI) needs to be compensated at the Step 3, otherwise these resources may be artificially excluded due to measured high energy.
All remaining resources at step 3 can be classified as follows, depending on UE awareness about resource utilization:

1) UE is aware about total RX energy and co-channel transmissions from other UEs (and potentially priority);
2) UE is aware about total RX energy and inband emission interference (IBE) presence from other UEs;
3) UE is aware about total RX energy only.
The UE awareness about co-channel transmission or IBE corrupted resources can be used to further improve resource selection. The following procedure can be used at the step 3 of resource selection procedure. 
The UE ranks the remaining resources according to energy metric (whole set of ranked resources SRANKED). The UE applies energy threshold to down-select a subset of resources SMIN-ENERGY with minimum energy from the set of resources SRANKED. In case if the number of resources ME in subset SMIN-ENERGY is larger than the predefined size of randomization subset SRANDOMIZATION, the UE further analyzes subset of resources SMIN-ENERGY and excludes the resources until the size of resource subset SMIN-ENERGY is reduced to the size of resource subset SRANDOMIZATION. In order to reduce the set of resources SMIN-ENERGY, the UE first excludes resources where it is aware about co-channel transmission (if any) and as a second priority it excludes resources corrupted by IBE. In case if size of resource set SMIN-ENERGY is less than the size MR of randomization set SRANDOMIZATION, UE selects the MR resources with minimum energy from the whole set of ranked resources SRANKED.

Proposal 4
· Step 3 of resource selection procedure includes the following procedures 

· UE ranks remaining set of resources according to the received energy

· UE constructs the subset of resources with received energy below preconfigured threshold

· UE utilizes information about co-channel collisions or IBE presence to form the final subset of resources among which it randomly selects actual resource(s) for transmission.
6 Conclusion
In this contribution, we discussed transmitter behavior for sensing based resource reselection. In our view, the priority and geo-location information should be taken into account when UE excludes resources and forms the set of candidate resources for selection. In addition, UE can utilize energy measurements to rank resources and apply second order information to form the final subset of resources, where it can randomly peak resources for transmission. 

Proposal 1
· Initial transmission follows the resource reselection principles defined for V2V communication.

Proposal 2
· Discuss UE behavior in case if all resources are excluded at the step 2 of resource selection procedure.

Proposal 3
· Option 3-2 is agreed as a baseline for sensing based resource selection.

Proposal 4
· Step 3 of resource selection procedure includes the following procedures 

· UE ranks remaining set of resources according to the received energy

· UE constructs the subset of resources with received energy below preconfigured threshold

· UE utilizes information about co-channel collisions or IBE presence to form the final subset of resources among which it randomly selects actual resource(s) for transmission.
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