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[bookmark: _Ref174151459][bookmark: _Ref189809556]In RAN1 #84bis, the following agreements and conclusion relevant to sensing operation for PC5 based V2V were made: 

Agreement:
· 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.

Agreement:
· If at TTI n resource selection/reselection is triggered in UE autonomous resource selection mode,
· The UE at least senses between TTI n-a and TTI n-b (FFS a and b with a>b>0), where a and b are integers
· Working assumption: The values a and b are common for V2V UEs. 
· UE selects time-frequency resource(s) for PSSCH 
· UE transmits SA in TTI n+c where c is an integer
· FFS whether c is a fixed value (>= 0) or variable.

Conclusion for Energy measurement for sensing:
· 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

In this contribution, we discuss the details of sensing operation for PC5 based V2V. 
Discussion
Sensing options 
In this section, we 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, both other UE’s SA decoding and energy sensing for data channel can be utilized to determine resource occupation of a certain resource. A UE uses other UE’s control information 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 1: SA decoding based sensing does not incur significant UE complexity increase. 
SA decoding based sensing is preferred because it will have less impact on RAN4 specification work. For energy measurement of data resource, RAN4 needs to specify measurement accuracy. However, for performance enhancement, a combination of energy measurement of data resource and SA decoding based sensing can be considered. For example, a UE excludes occupied data resources based on SA decoding, then UE selects resource(s) among data resources with below X% energy measurement. If X is one hundred, this scheme will be pure SA decoding based sensing. X can be (pre) configured by network. 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. However, in very dense scenario, SA decoding performance may be degraded due to the high interference, UE can still see some unoccupied data resources. It may not be a critical issue.  
Proposal 1: At least SA decoding based sensing should be supported. Additionally, a combination of energy sensing of data resource and SA decoding can be supported. 

Sensing window 
In this section, we discuss the details of sensing window location and size. For sensing window location, sensing window location 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 location should be supported.
For sensing window size, the following alternatives can be considered, 
· Alt. 1 Sensing window size is UE common and equal to maximum reservation period. (i.e. maximum e)
· Alt. 2 Sensing window size is UE specific and equal to own reservation period. 
· Alt. 3 Sensing window size is UE common and equal to a specific period.  

Alt. 1 requires all UE monitor long period. This causes UE computation complexity. In Alt. 2, longer sensing period is required only for the UE having longer reservation periodicity. The computational cost will increase to the UE having longer reservation periodicity. Alt. 3 will have common shorter sensing period, but some resource can be collided by longer periodicity UE. However, this alternative has lower computational complexity for all UEs. 
Proposal 3: Alt. 3 (Sensing window size is UE common and equal to a specific period.) is slightly preferred. 
 Sensing granularity in frequency domain
Basically, the sensing granularity may be determined by the RB size that UE sends a message. If subchannelization is not supported, resource fragmentation may occur as seriously. However, sub channelization is supported, partial overlap is not occurred and energy sensing granularity of data can be based on subchannel size. 
Proposal 4: Sensing granularity in frequency domain is the same as subchannel size. 

Evaluation results
We evaluate system level simulation for different sensing method. Evaluation assumptions are summarized in Appendix. Fig. 2 and 3 show PRR performance for urban and freeway, respectively. Evaluation resuts show that SA decoding with energy measurement based sensing have better performance than SA decoding based sensing and energy sensing.   
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Fig. 2 PRR vs. distance performance in unban case
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Fig. 3 PRR vs. distance performance in freeway case

Conclusion
We discussed the details of sensing. Based on the discussions, the following observation and proposals were made:
Observation 1: SA decoding based sensing does not incur significant UE complexity increase.
Proposal 1: At least SA decoding based sensing should be supported. Additionally, a combination of energy sensing of data resource and SA decoding can be supported. 
Proposal 2: UE specific sensing window location should be supported.
Proposal 3: Alt. 3 (Sensing window size is UE common and equal to a specific period.) is slightly preferred. 
Proposal 4: Sensing granularity in frequency domain is the same as subchannel size. 
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Appendix 
For LTE V2V evaluations, we assume that TDMed (from a single UE perspective) SA/Data resource pool is used as illustrated in fig. 1. 
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Fig. 1 Resource pool structure used in V2V evaluation
Other evaluation assumptions are summarized as follows,
· SA pool size: 10 ms, 10RBs 
· Data pool size: 40ms, 40RBs
· SA/Data association from a single UE perspective: TDM 
· Tx power: 23dBm (for SA and data) 
· SA size: 1RB, 30bits payload
· Data size
· 10RBs with two transmissions for 190byte packet
· 10RBs with three transmissions for 300 byte packet
· Modulation: QPSK
· Resource partitioning/selection: location based resource partitioning [1]/random reselection among unoccupied resources
· Sensing and resource selection method
· SA decoding based: data resources indicated by decoded SAs are regarded as occupied data resource. Note that decoded SAs in SA transmitting period (10ms) are not considered as sensing, in other words, only decoded SAs in previous SA periods are considered for resource sensing because even if there are several decoded SAs in the same SA period of a UE, the UE cannot change SA contents due to the lack of encoding time. For data resource selection, random resource selection method is used among unoccupied data resources. In particular, for retransmission within a SA period (in 40ms data subframes), different subframes are selected to avoid multi cluster transmission. 
· Energy sensing based: In each subframe, UE measures energy of each subchannel (10 RBs)  and selects the one with the smallest energy measurement as the candidate of that subframe. 80% subframes with high energy are excluded for data transmission and randomly select two or three subframes for 190 bytes and 300 bytes among remaining subframes, respectively. This method is same as explained in [2]
· SA decoding + Energy sensing: A UE excludes occupied data resources based on SA decoding, then UE selects resource(s) among data resources with below 20% energy measurement.
· For both of SA decoding and energy sensing: When there is no unoccupied transmission resources in a certain SA period, transmission will defer its transmission to next SA period. UE monitors 100ms period and makes occupied resource map for 100ms. For SA decoding, due to the TDMed pool structure, the occupied resource map can be updated by the decoded SAs until before the SA period when a UE transmits SA.  
· Probabilistic reselection: 10% of reselection probability is assumed for every packet transmission for both SA decoding and energy sensing.
· The others follow the agreed V2V evaluation assumptions. 
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