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[bookmark: _Ref298777854]Introduction
[bookmark: _Ref174151459][bookmark: _Ref189809556]In RAN1 #84, the following agreements and observations relevant to UE autonomous resource selection were made: 
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
· Send LS to RAN2 asking them to enable mapping a set of locations to a set of resources

Observations:
· 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 is 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

In this contribution, we discuss the details of sensing with semi-persistent transmission for PC5 based V2V. 




Discussion
Sensing details
As described in observations in RAN1 #84, we need to discuss how a UE can obtain information for identification of the resources that will be occupied and/or collided by the other UEs. For collision avoidance based on sensing, other UE’s SA decoding and energy sensing can be utilized to determine resource occupation of a certain resource. In case of energy sensing, measurement accuracy should be further studied. Also if sensing is based on only energy sensing, UE may not know SPS release or periodicity/message size change or protection of higher priority UE’s signal may not be possible. For example, if a UE detects higher priority UE’s SA or pedestrian UE’s SA (we assume that pedestrian UE cannot apply sensing operation due to battery saving or lack of reception circuit.), UE can avoid the corresponding resource(s). 
Observation 1: If sensing is based on only energy sensing, UE may not know SPS release or periodicity/message size change or protection of higher priority UE’s signal may not be possible.
A UE reads other UE’s control information (SA) in order to avoid using the same resource for its transmission. As a UE anyway needs to blindly detect other UEs’ control information for message receptions, impact on the UE implementation would not be a big problem in introducing such a collision avoidance scheme. 
Observation 2: SA decoding based sensing does not incur significant UE complexity increase. 
A hybrid type that is a combination of energy sensing and SA decoding can be considered. For example, a UE excludes X% of data resources based on SA decoding (based on SA energy sensing), then UE selects resource(s) based on data energy sensing. If X is zero, this scheme will be pure energy sensing. X can be (pre) configured by network or (other) UE. We can clearly see the benefits of SA decoding based sensing; prioritization operation, adaptation of message period/ size change. However, in a very dense scenario, SA decoding based collision avoidance may suffer from lack of usable resources since all resources are occupied by other UEs. The hybrid type can solve this problem to set X value suitably. 
Proposal 1: A hybrid type that is a combination of energy sensing and SA decoding can be considered. Details are FFS. 
Sensing window can be UE specific. If UE common sensing window is used, some UE needs to wait several ms, and this causes the increase of latency.  
Proposal 2: UE specific sensing window should be supported. 
When resource sensing is applied, resource reservation that reserves resources in next several message generation periods is supported to have better interference estimation. However, if same resources are continuously reserved, the UE may suffer from half duplex problem or contiguous resource collision. Therefore, periodic reselection should be supported and when collision is detected, reservation release should be supported. For this operation, SA can include one bit indicator for resource occupation or release in next message transmission period. The details of reselection condition will be discussed in next section. 
 Reselection condition
[bookmark: _GoBack]When resource reservation is supported, message size variation should be taken into consideration. For example, in a certain message generation period, if the message size of a UE is 190 byte, then the UE reserves several resources in next message generation period based on 190 bytes, but the reserved resource cannot be used if the UE should transmit 300 bytes in next message generation period. If a UE detects a collision, reselection can be triggered. As proposed in [1], random muting can be considered for collision detection, but if some UE mutes, maximum PRR can be degraded since receiver UE cannot receive data of the muting UEs. Therefore, random muting is not desirable to detect collision. Periodically or probabilistically reselection should be taken into account. As another way to detect collision in transmitted subframe, if retransmission is applied, retransmission only muting can be considered. This can prevent maximum PRR degradation. At last, in V2V, message generation period is 100ms which is not aligned with SFN boundary (10240ms periodicity). Sensing and reservation operation should be discussed in SFN boundary. 

Proposal 3: The following reselection conditions can be considered, 
· When periodic or probabilistic reselection is configured.
· When collision is detected.
· This includes the case when higher priority SA or P-UE’s SA is detected. 
· When message size or periodicity or message type is changed. 

Conclusion
We discussed sensing with semi-persistent transmission for PC5 based V2V. Based on the discussions, the following observations and proposals were made:
Observation 1: If sensing is based on only energy sensing, UE may not know SPS release or periodicity/message size change or protection of higher priority UE’s signal may not be possible.
Observation 2: SA decoding based sensing does not incur significant UE complexity increase. 
Proposal 1: A hybrid type that is a combination of energy sensing and SA decoding can be considered. Details are FFS. 
Proposal 2: UE specific sensing window should be supported.
Proposal 3: The following reselection conditions can be considered, 
· When periodic or probabilistic reselection is configured.
· When collision is detected.
· This includes the case when higher priority SA or P-UE’s SA is detected. 
· When message size or periodicity or message type is changed. 
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