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1. Introduction
In RAN#70, work item on support for V2V services based on LTE sidelink has been agreed [1]. The work item description is revised in RAN#71 [2]. In RAN1#84, it is agreed that sensing with semi-persistent transmission is supported [3]. Further, in RAN1#84bis, the following agreement on details of sensing mechanism is made:

[image: image3.png]Non-Reserved resource (1% priority)

Reserved resource (2™ priority)

Resource selection window




In this contribution, we continue to discuss the remaining details of SA decoding and energy measurement for sensing.

2. Sensing for UE autonomous resource selection
Sensing is used to obtain necessary information for UE to predicting the interference conditions for future SL transmissions. Based on the sensing results, UE can autonomously select suitable resource with less expected interference for SL transmissions to improve the system performance. In RAN1#84bis it has been agreed that both SA decoding and energy measurement are supported for sensing. 

SA decoding is implicitly performed by each UE to correctly receiving V2V communication from other UEs. At least the resource scheduling information would be included in the correctly received SA content; therefore, it would be nature to use the sensing results by SA decoding for resource selection. In addition, additional information on resource reservation for future data transmission can be included in SA. 
Compared with SA decoding, energy measurement can provide additional information on overall interference level of a given resource, e.g. including in-band emission and the interference from undetected SA(s). In addition, the assistance of energy sensing could still be useful even if SA decoding is not successful e.g. due to resource collision or miss-detection of SA, etc. Therefore, it would be preferred if energy sensing and SA decoding can be jointly used for sensing based UE autonomous resource selection.

However, energy measurement is useful only if the measurement results are accurate enough. If there is large error in energy measurement result, it may cause negative impact on the interference prediction and UE resource selection. In addition, additional UE complexity for energy measurement should also be taken into account. It may need RAN4 decision on whether/how to decide whether energy sensing results is accurate enough or not. Therefore, we propose
Proposal 1: SA decoding and energy sensing should be jointly used for UE resource (re)selection if energy measurement results are accurate enough

· Whether/how to decide energy measurement results are accurate enough is left for RAN4 decision

2.1. Details on SA decoding

In Rel-13 D2D, SA contains scheduling information on data transmission in the same SA period. By SA decoding, at least the information on the scheduled resource position can be achieved. In RAN1#84 and RAN1#84bis, the concept of semi-persistent transmission and resource reservation for UE autonomous resource selection has been agreed. UE can assume that the same resource scheduled by a SA will be periodically reserved for potential future V2V data transmissions from the same UE. Additional information on resource reservation including reservation indication, reservation period, etc. can be included in the SA content to help UE to more precisely predict the resource reservation in the future. 

Data transmission in the resource directly scheduled by SA is destined, and thus the scheduled resource should be excluded from UE autonomous resource selection to avoid collision. However, it is not certain that the reserved resource for potential future transmissions will be always used. If data packet arrival is not purely periodic as in [4], for some reserved resource UE may not have buffered data to transmit. In addition, for UE autonomous resource selection, it is hard to prohibit UEs to greedily reserve resource for data transmission. The reserved resource may not be fully utilized. 

Therefore, it may be beneficial to consider the possibility to share the reserved resource among multiple UEs, especially when the reserved resource is not fully utilized. As illustrated in our companion contribution [5], modification, cancellation or confirmation based solution can be considered to fully utilize the unused reserved resource. The resource reserved by SA detection can also be selected but with lower priority than the resource that is not reserved by any UE. Some criteria on energy measurement or resource utilization on the reserved resource can be set as additional conditions for the resource selection in the reserved resource. 
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Figure 1 Illustration on reserved resource and non-reserved resource
Based on the above discussion, we propose: 
Proposal 2: by SA decoding, UE can identify resource scheduled and resource reserved from SA decoding

· On sensing, UE assumes that reservation intention is periodically repeated 

· Resource scheduled by SA should be excluded from resource selection
· Resource reserved by SA can be selected if there is no enough non-reserved resource
2.2. Details on energy measurement
The purpose of energy sensing is to provide additional interference conditions in addition to the resource occupation information obtained from SA decoding. Measurement of reception power of the decoded SA can only provide the estimation of useful signal strength, however, measurement of receiving energy in the SA/data resource can provide estimation on the potential interference status of SA/data resource. Therefore, measurement of receiving energy in the SA/data resource should be utilized for UE autonomous resource selection. 
In addition, in our previous contribution [6] the evaluation results show that better performance can be achieved by selecting the resource with relatively less receiving energy. Therefore, we propose:

Proposal 3: Energy sensing should be based on measurement of energy in SA/data resource
· UE should try to select the resource with less receiving energy 

The energy measurement results can also be used for potential congestion control of V2V communications. If the radio resource is already congested and there exists much interference, continuing selecting resource to transmit may cause severe collision and degrade the system performance. Some energy measurement threshold can be defined so the resources with receiving energy beyond it are excluded from the resource selection or reselection. Considering non-reserved resource and reserved resource, different energy measurement thresholds can be defined. If there is no enough non-reserved resource for selection, UE can consider selecting resource in reserved resource; if reserved resource is not enough for selection either, UE can wait until there exists enough resource or drop the transmission.
Therefore, we propose:
Proposal 4: Threshold can be set so resource with receiving energy beyond it are excluded from resource (re)selection

· Different energy sensing threshold can be set for resource that are not reserved by any UE and resource that are reserved by other UE
3. Conclusion
In this contribution, the details of SA decoding and energy measurement based sensing are discussed. Based on our discussion, we proposed:
Proposal 1: SA decoding and energy sensing should be jointly used for UE resource (re)selection if energy measurement results are accurate enough

· Whether/how to decide energy measurement results are accurate enough is left for RAN4 decision

Proposal 2: by SA decoding, UE can identify resource scheduled and resource reserved from SA decoding

· On sensing, UE assumes that reservation intention is periodically repeated 

· Resource scheduled should be excluded from resource selection
· Resource reserved can be selected if there is no enough non-reserved resource
Proposal 3: Energy sensing should be based on measurement of energy in SA/data resource

· UE should try to select the resource with less receiving energy 

Proposal 4: threshold can be set so resource with receiving energy beyond it are excluded from resource (re)selection

· Different energy sensing threshold can be set for resource that are not reserved by any UE and resource that are reserved by other UE
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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 managable complexity especially in terms of SA blind decodes, UE buffer, etc.


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
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