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1 Introduction
In the RAN1 #84 meeting, an LS with the following agreements and actions were approved for autonomous resource selection in resource control/selection mechanism [1][2]:
Agreements:
· Sensing with semi-persistent transmission is supported
· UE transmits PSSCH (when data is available) on a selected set of periodically occurring resources until a resource reselection occurs
· Other details are FFS
· Sets of resources among which a UE selects can be restricted based on the geo information of the UE
Actions:
· Send LS to RAN2 asking them to enable mapping a set of locations to a set of resources
In addition to the above agreements, the following observations were made as the issues for sensing:
Observations: (from offline summary in R1-161405)
· The following issues can be considered for resource allocation for V2V mode 2. It does not mean that each issue requires a solution.

· Issue 1: SA resource selection

· Sensing is used if SA and the associated data are transmitted in the same subframe

· FFS between random and sensing if not

· Issue 2: How can a UE obtain information for identification of the resources that will be occupied and/or collided by the other UEs? 

· Based on energy sensing, SA decoding, data decoding, assistance from eNB, or a combination. 

· Issue 3: What does the UE do with this information?

· Based on energy sensing: 

· Option 1: Resources with relatively low energy can be selected. Resources with relatively high energy are not selected.

· Option 2: To select resources that lead to FDM with resources on which high energy is observed.

· Based on SA decoding: UE avoids resources indicated by the decoded SA.

· Issue 4: Reselection

· Reselection may be triggered if UE recognizes a problem in its resource selection. FFS the definition of this problem (e.g., resource collision).

· Reselection may be triggered periodically, randomly, or in a combination of the two.

· Reselection may be triggered by eNB instruction or geo-information.

· Reselection may be triggered if traffic characteristics are changed.

· Issue 5: Signaling to aid sensing

· E.g., reservation

· Issue 6: Priority

· Issue 7: Coexistence of mode 1 and 2

· Issue 8: How to determine the amount of resources to use

For the autonomous resource allocation, it is considered that sensing is beneficial for the avoidance of the transmission collisions. There are, however, still several issues that need to be addressed. In this contribution, we provide our views on the sensing mechanisms for the autonomous resource selection. 
2 Discussion
2.1 Pros and cons of sensing mechanisms
Two sensing mechanisms, energy sensing and SA decoding, have been discussed as the major candidate solutions. Table 1 summarizes the pros and cons of these solutions.

Table 1
Pros and Cons of sensing mechanisms
	
	Pros
	Cons

	SA decoding
	· Identify the exact data resources other UE transmitter uses

· Less spec impact
	· Concern if UE fails to decode SA

· May be difficult to detect level of collision

· Cannot detect other systems such as DSRC

	Energy detection
	· Detect level of collision

· Detect other systems such as DSRC
	· Increase receiver complexity

· Moderate spec impact


In the SA decoding, the transmitter UE decodes other UEs’ SA and identifies the resources for transmission. Therefore, SA decoding can identify the exact resources other UEs will use. It will also have relatively less specification impacts because there is essentially no need of enhancement for the new functionality. However, when the UE fails to decode an SA, it may cause a collision with another UE. 
When SPS transmission is assumed, SA decoding may involve some latency because it takes time to decode all the SAs before determining the transmission resource. Since SA decoding is intended to apply only in LTE sidelink communication, it does not work for other systems, e.g. DSRC etc.
On the other hand, energy sensing can potentially detect other systems, which can be useful when coexistence with DSRC is assumed. Moreover, since it can potentially detect the collision levels, more precise information may be provided for the transmitter UE. The potential drawback is that the receiver will have additional complexity, which results in spec impacts. However, since energy sensing has been already specified in LAA, it is probable that the mechanism can be specified with similar implementations.
 There are some advantages and disadvantages in both sensing schemes, but since SA decoding can be implemented with small spec impacts, it should be desirable that SA decoding should be the baseline for the sensing mechanism. Energy detection seems to have some strength in the coexistence with DSRC, which may be important in some areas. Therefore, RAN1 should consider energy detection as the supplementary mechanism for the baseline mechanism.
Proposal 1: SA decoding should be studied as baseline mechanism for sensing. Energy sensing should be studied as an optional mechanism.

Proposal 2: For the specification of energy sensing, LAA energy sensing can be adopted as a baseline.

2.2 eNodeB assistance
It should be beneficial that the eNodeB provides some assistance information to make the sensing more efficient, thus effectively avoiding the collisions. For example, the eNodeB can help reconfigure the operation of the UE sensing for the collision avoidance through the provision of assistance information. Because the sensing would not necessarily be needed in some operation areas such as rural highways, where only low volume traffic is expected, it would be beneficial if the configuration of sensing / no-sensing depends on where the UE is located. 
It would be possible that the assistance information can include some constraint parameters for sensing. With such parameters, the sensing window can be reduced so that the UE can efficiently sense the resources for transmission.
Proposal 3: eNodeB assistance should be studied to enhance sensing for collision avoidance.
2.3 SA/data resource selection
SA resource selection can be either sensing-based or random selection-based, which depends on the resource allocation policy. The sensing-based scheme is preferable when there is a large correlation in the resource positions between the sensing period and transmission period. Otherwise, the random selection-based scheme would be preferable. For example, the sensing-based scheme should be applied when SPS resource allocation is configured and good predictability is expected for the positions of the SA resources. 
Data resource selection should be sensing-based. In the SA decoding sensing scheme, the UE can randomly select data resources among the potential resources, while in the energy detection scheme it selects the data resources among the resources with low energies. Since the energy detection scheme can be more informative in terms of the signal level, the resource selection scheme may be improved by ranking the available resources for transmission in the UE. The resource selection mechanism, however, should be carefully considered because it is possible that the neighbor UEs choose the same resources.
Observation 1: Energy sensing can be more informative but it is possible that neighbor UEs select the same resource.
Fairness control may be required when the traffic is severely congested. Assuming that there are only a few available resources in the resource pool due to the presence of a large number of UEs, it is probable that use of random resource selection results in collisions. To avoid such collision of resource selection, resource selection probability can be introduced. However, some UEs may not have the chance to transmit continuously due to the selection probability. Therefore, for a fair transmission, some back off concept can be applied to the UE, thus providing some coordination between the transmitting UEs. The UE that performs a back off should be prioritized in the next scheduling period so that all UEs can select the resource within a certain period of time.

Therefore, it would be desirable that a back off concept should be studied in conjunction with the resource selection. The back off mechanism can be activated by the network when necessary because it is required only in specific operation scenarios, such as congestion.

Proposal 4: Fairness control mechanism such as back-off concept should be further studied.
2.4 Resource reselection

There is a possibility that the collisions of the resource occur due to other reasons such as hidden nodes, sensing failure, and so on. In particular, in the SPS transmission, the collision may continue until the end of the SPS process if the resource reselection mechanism is not supported. To alleviate this problem, it would be necessary to implement a resource reselection mechanism.
To trigger the reselection, there are several schemes, which have been discussed so far:
· Reselection may be triggered if UE recognizes a problem in its resource selection. FFS the definition of this problem (e.g., resource collision).

· Reselection may be triggered periodically, randomly, or in a combination of the two.

· Reselection may be triggered by eNB instruction or geo-information.

· Reselection may be triggered if traffic characteristics are changed.

To avoid successive collisions, the UEs need to autonomously check whether they should perform a reselection on a periodic basis. To determine the reselection timing, a probability-based scheme may be helpful to avoid unnecessarily frequent reselections. The probability parameters for the reselection should be appropriately provided from the eNodeB because their values should depend on the level of the congestion.
The reselections should also be triggered when the transmitter UE is aware of a collision. It is FFS, however, how the collision can be detected. There can be several candidates to detect collision. For example, it can be done by continuous SA decoding. When the UE finds a resource collision by reading SA, it can trigger the reselection with a certain probability. Another example can be a collision report from the eNodeB/neighbor UEs In addition, the reselections should be triggered when the connection is reconfigured, for example, when resource pools and/or traffic type/traffic size are changed.
3 Summary
In this contribution, the following observations and proposals are made:
Observation 1: Energy sensing can be more informative but it is possible that neighbor UEs select the same resource.
Proposal 1: SA decoding should be studied as baseline mechanism for sensing. Energy sensing should be studied as an optional mechanism.

Proposal 2: For the specification of energy sensing, LAA energy sensing can be adopted as a baseline.

Proposal 3: eNodeB assistance should be studied to enhance sensing for collision avoidance.

Proposal 4: Fairness control mechanism such as back-off concept should be further studied.
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