Page 1

3GPP TSG RAN WG1 Meeting #85

R1-164138
Nanjing, China, 23rd - 27th May 2016

Source:
Intel Corporation

Title:
Discussion on Resource Reselection Triggers for V2V Communication
Agenda item:
6.2.2.2.3
Document for:
Discussion and Decision

1 Introduction

At the TSG RAN1 Meeting #84bis, the resource control and selection mechanism for V2V communication were discussed and the following agreements related to resource reselection triggering were made by RAN1 WG:

· Reselection is triggered if

· A counter meets an expiration condition, or

· The counter is reset to a value when reselection is triggered - FFS whether this value is random, fixed, and/or the same across UEs

· UE identifies that the current resource allocation cannot fulfil the requirement, e.g., latency, reliability, priority, fairness, or QoS requirement (details FFS), or

· FFS how to impose limitation in the resource size selected by a UE

· Working assumption: UE detects resource allocation (including the indication of the intention of reusing the frequency resource as per the existing agreement) of another UE which potentially overlaps with its current resource allocation (including the indication of the intention of reusing the frequency resource as per the existing agreement) and the detected situation meets a condition, or

· The condition is FFS, not precluding applying different conditions for different priorities (if any relevant case happens in priority handling from RAN1 point of view).

· eNB triggers reselection, or

· FFS whether some information needs to reported from UE to eNB

· FFS additional condition(s), e.g.,

· If it is supported that a UE can notify later that it no longer intends to use the resource at a future TTI, reselection triggering condition related to this notification.

· Reselection triggered by notification on resource collision from another UE

· Reselection triggered by sensing of resources utilization above a threshold

· Reselection triggered by higher layer
· Other conditions are not precluded

In this contribution, we discuss remaining aspects of resource (re)-selection triggering for PC5 V2V communication. Our views on other PC5 V2V communication aspects are provided in our companion contributions [1]-[13].
2 SPS Timer Based Reselection for V2V Communication
According to the system level analysis presented at the previous RAN1 WG meeting in [13], the long intervals for resource reselection are beneficial if there is no mobility. However, if vehicle mobility is taken into account the PRR system performance may degrade significantly due to the fast change of interference environment and channel variation in time. The main reason for degradation is that sensing results may become outdated at the moment they are applied and thus it may be advantageous to trigger resource reselection procedure rather than continue keep using the same resource. This leads us to the conclusion that resource reselection interval should be limited in time.
Observation 1
· Vehicle should trigger resource reselection no later than after a (pre)configured time interval in order to deal with channel variation and change of interference environment caused by mobility.
According to the agreement made at the last RAN1 WG meeting, the reselection can be triggered if a counter meets the expiration condition. This counter may keep the time the vehicle was using the same resource for transmission. Once this counter reaches the predetermined value, the reselection condition can be triggered.
Alternatively, the UE may perform resource reselection every semi-persistent resource allocation window. For instance at the end of each semi-persistent resource allocation window, the UE may be triggered to perform reselection. The semi-persistent resource allocation window ‘Tres’ may be selected from the range [Tmin, Tmax] using information about traffic conditions and additional randomization rule. In this alternative, a UE may follow an SPS reselection timer which is set to the semi-persistent resource allocation window. In this case, a UE will always do reselection if SPS allocation window is passed and new traffic/packet is arrived.
The SPS window duration may be randomized within some boundaries in order to randomize persistent collisions of UEs having similar traffic conditions which may perform resource reselection at the same time instances during relatively long period thus not taking into account each other’s transmissions that may lead to consistent resource collisions. 
It should be noted that UE may perform resource reselection according to the semi-persistent resource allocation window lower than Tmin depending on its own traffic pattern and other reselection triggers.

Proposal 1
· SPS timer based mechanism is defined to trigger V2V resource reselection.

· The timer is reset to the randomly selected value ‘Tres’ from the pre-configured range [Tmin, Tmax], where Tmin and Tmax determine the range of values available for semi-persistent resource allocation window.
· FFS the range of Tmin and Tmax values, e.g. multiple of 100 ms or measured in subframes.
· The timer is reset to ‘Tres’ at the new transmission window boundary and counts down to trigger reselection once it reaches zero.

3 Event-Triggered Resource Reselection
In this section, we discuss additional events that may trigger resource reselection. This type of triggering is expected to be less frequent and mainly dependent on higher layer conditions.

3.1 Traffic Based Triggering of Resource Reselection

The V2V traffic may change over time so that pre-allocated resources may not be sufficient due to payload size, code rate or latency considerations. All these conditions may trigger resource reselection and can be a part of higher layer conditions that can trigger resource reselection process.
· Latency considerations: change of traffic generation rate (e.g. packet generation rate change from 1000 ms to 100 ms) may require change of pre-allocated resources within semi-persistent resource allocation window. The additional semi-persistent resource allocation window may be allocated.

· Resource allocation considerations: variation of message payload (e.g. packet size may change from 200 bytes to 1200 bytes). The new payload size may not fit the pre-allocated resources and thus resource reselection decision may be triggered.

· Event triggered traffic (new/additional traffic): additional aperiodic traffic may trigger new or additional resource selection.

This triggering condition can be evaluated by the MAC layer when it tries to generate a MAC PDU. For example, if MAC SDU does not fit to the TB size selected for current SPS process without segmentation, then the resource reselection should be triggered.
3.2 Priority Based Triggering of Resource Reselection

Support of priority handling in resource (re)-selection procedure is discussed in our companion contribution [7]. The UE may trigger resource reselection procedure if it detects collision with higher priority transmissions (see Figure 1).
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Figure 1: Example reselection triggering due to collision with high priority transmitters.

Once a UE detects collision in time or frequency with higher priority transmission it may trigger resource reselection procedure to find another resources for transmission and exclude resources pre-allocated for higher priority UEs from the candidate resource set.
3.3 Geo-Information Based Triggering of Resource Reselection

It was agreed by RAN1 WG, that “sets of resources among which a UE selects can be restricted based on the geo information of the UE”. Therefore once the UE geo-information changes, the UE may need to reselect set of resources and decide on particular resource in the new set.
At the previous RAN1 WG meeting, it was considered that UE may need to increase amount of transmissions per TB based on the speed value in order to improve demodulation performance in high speed environments. Although RAN1 has not confirmed this option, it may be an additional condition to trigger resource reselection if it is agreed.

Observation 2
· Resource reselection based on geo-information (location, speed) triggers is transparent to L1 and can be considered as a higher layer condition that leads to adjustment of resource allocation parameters and resource reselection trigger.

4 eNB Triggered Resource Reselection
The eNB triggered resource reselection may happen due to multiple reasons. The resource reselection may be triggered because of V2V traffic variation, change of UE geo-position, speed or the need to prioritize transmission from other vehicles, etc.

RAN1 already agreed that UE will report geo-information to eNB with reporting details to be defined by RAN2 WG. We notice that additional reporting may be needed. Given that RAN1 WG agreed on priority handling mechanism as a part of resource reselection, the UE may need to report priority information of other UEs and associated resources. For instance, this mechanism may be needed in case of inter-cell eNB controlled operation. In this scenario, neighboring cells may not be aware about priority of transmissions in each cell and therefore the collision may happen since different cells may schedule UEs to transmit on the same set of resources. The inter-cell coordination mechanisms may help to address this situation.
In addition to priority reporting, a UE may be requested to report measurements of received energy on predefined set of PSCCH and PSSCH resources, resource utilization metric etc. to assist eNB scheduling decisions.
Observation 3
· eNB triggered resource reselection is an implementation aspect.

· Additional reporting of priority information, power measurements on sidelink PSCCH and PSSCH resources for detected transmitters and resource utilization metric may be beneficial.

5 On Additional Resource Reselection Conditions
Resource reselection based on resource release notification
It needs to be clarified whether resource release notification comes from upper layers or received from other UEs. In case if resource release is notified by upper layers it cannot justify the resource reselection itself and needs to be discussed in the context of resource release conditions. Alternatively, the UE may notify other UEs that it does not intend to use pre-allocated resources in semi-persistent resource allocation window anymore. In general, we do not see such notification beneficial for UEs that already made a resource selection. However, this information may be useful for UEs that may perform resource reselection soon. In other words, we do not see the need to trigger resource reselection, because of notification that certain UE will not use pre-allocated resource anymore however the notification of resource release itself may be a useful information for UEs that are expected to reselect resource soon. On the other hand it needs to be further discussed, whether resource release should be signaled depending on the amount of remaining pre-allocated resources.
Proposal 2
· Resource release notification from other UEs (if agreed) does not trigger resource reselection but is taken into account in future resource reselections.

Resource reselection based on collision notification from other UE(s)
Notification from other UEs on observed collision in resource selection is not required and may be considered as an over-optimization. The whole motivation of the sensing procedure is to avoid such collision within communication range, however if other UEs will start notify each other on the observed collision in certain resource then complexity of sensing and resource reselection/selection procedure may increase substantially especially in dense scenarios. Moreover, such signaling will introduce additional overhead and overcomplicate sensing procedure.

On the other hand the notification mechanism can be considered to support priority handling as it is described in [7].
Observation 4
· Resource reselection based on collision notification from other UEs may significantly complicate sensing and resource reselection procedure.

Proposal 3
· Notification of resource collision detection by other UEs is not supported.

Resource reselection based on resource utilization condition

In our view, triggering of resource reselection based on the observed short term resource utilization is not justified since eventually it may not help to solve the problem especially if utilization is high. On the other hand, it may be beneficial to control the transmission rate (transmission period) or resource allocation parameters that can be used by UEs in semi-persistent resource allocation window. Therefore there are two potential considerations in terms of resource reselection triggering.
· Option 1. The UE reports resource utilization metric to upper layers (e.g. L3 or above) that either control traffic parameters or resource allocation parameters, so that it is transparent to L1/L2 operation and the resource reselection is triggered as a part of higher layer condition.
· Option 2. The UE triggers resource reselection to adjust resource allocation size or transmission parameters based on resource utilization metric as a L1/L2 condition.
In our view, option 1 is more appropriate for V2V communication scenarios therefore we propose to consider resource utilization metric as a part of higher layer condition that may trigger resource reselection.
Proposal 4
· Resource utilization metric is transparent to L1 operation in terms of resource reselection triggering and is considered as a higher layer condition that may result in resource reselection triggering.

· FFS resource utilization metric reported to higher layers (e.g. percentage of occupied resources, received signal strength statistics, etc.).

The resource utilization metric itself may be calculated in different ways:

· Fraction of PSSCH resource blocks in the sensing window with measured/calculated energy above a configured or predefined threshold.

· Fraction of PSSCH resource blocks reserved by other UEs which transmitted PSCCH. In this case, there is no threshold applied explicitly. The implicit threshold of decoding the PSCCH is used.
The first approach is more attractive in terms of available information on radio environment and thus may be considered further in RAN1/RAN2.

Proposal 5
· Resource utilization metric is calculated as a fraction of PSSCH resources in the sensing window with measured/calculated energy above a configured or predefined threshold(s).
· Details are FFS

6 On Resource Allocation Size Limitation

In UE autonomous resource selection mode, the UE may not have limitations in terms of amount of resources it may allocate for transmission. From system perspective, it may be a good rule of thumb to allocate the minimum number of resources to provide the required service. However, in multi-user environment, the UE resource selection behavior in terms of resource allocation size should be dependent on at least several factors:
1) Amount of traffic,
2) Radio-environment conditions – level of congestion,
3) Service level to be provided,
4) Fairness.
There are three general approaches to handle this issue:

· Option 1. Leave the parameters setting to UE implementation. In this case, different UEs may have different behavior for setting the resource allocation size, transmission rate etc. that may degrade overall system performance. However we note, that the sensing procedure may be designed robust to different UE behaviors.
· Option 2. Introduce autonomous UE resource allocation size selection mechanisms common across all UEs. This option assumes that each UE follows a specified procedure of resource allocation size determination based on current traffic and radio environment situation. 
· Option 3. Rely on eNB configuration of restricted set of transmission parameters. An eNB/network may regulate the allowed transmission parameters in order to provide similar performance in a given area regardless of UE implementation. For example, an eNB may configure a restricted range of allowed frequency resource sizes, transmission power, transmission rate in terms of transmission periodicity and semi-persistent resource allocation window range. This configuration may be based on analysis of UE reports gathered by eNBs. UEs are allowed to select any resource configuration within the restricted range. In this case, the congestion level is not known to UE.
In our view, the higher layers may control resource allocation size and transmission rate adapting to radio congestion level with possible assistance from eNB.

Proposal 6
· Higher layers can control the amount of resources the UE can select based on radio-environment and resource utilization statistics.
7 Conclusions
In this contribution, we provided our views on resource reselection triggering conditions. In summary, we propose to utilize SPS timer based mechanism to trigger resource reselection. In addition, we assume that multiple higher layer conditions can be configured trigger resource reselection with new set of transmission parameters to be applied for new SPS processes. In summary, we have following set of proposals:
Observation 1

· Vehicle should trigger resource reselection no later than after a (pre)configured time interval in order to deal with channel variation and change of interference environment caused by mobility.
Observation 2

· Resource reselection based on geo-information (location, speed) triggers is transparent to L1 and can be considered as a higher layer condition that leads to adjustment of resource allocation parameters and resource reselection trigger.
Observation 3

· eNB triggered resource reselection is an implementation aspect.

· Additional reporting of priority information, power measurements on sidelink PSCCH and PSSCH resources for detected transmitters and resource utilization metric may be beneficial.
Observation 4

· Resource reselection based on collision notification from other UEs may significantly complicate sensing and resource reselection procedure.
Proposal 1
· SPS timer based mechanism is defined to trigger V2V resource reselection.

· The timer is reset to the randomly selected value ‘Tres’ from the pre-configured range [Tmin, Tmax], where Tmin and Tmax determine the range of values available for semi-persistent resource allocation window.

· FFS the range of Tmin and Tmax values, e.g. multiple of 100 ms or measured in subframes.
· The timer is reset to ‘Tres’ at the new transmission window boundary and counts down to trigger reselection once it reaches zero.
Proposal 2

· Resource release notification from other UEs (if agreed) does not trigger resource reselection but is taken into account in future resource reselections.
Proposal 3

· Notification of resource collision detection by other UEs is not supported.
Proposal 4

· Resource utilization metric is transparent to L1 operation in terms of resource reselection triggering and is considered as a higher layer condition that may result in resource reselection triggering.

· FFS resource utilization metric reported to higher layers (e.g. percentage of occupied resources, received signal strength statistics, etc.).
Proposal 5

· Resource utilization metric is calculated as a fraction of PSSCH resources in the sensing window with measured/calculated energy above a configured or predefined threshold(s).

· Details are FFS
Proposal 6
· Higher layers can control the amount of resources the UE can select based on radio-environment and resource utilization statistics.
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