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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]. Enhancement on sidelink resource allocation is included in the WI objective:
3)
To identify what are necessary sidelink resource allocation enhancement option(s) among the ones captured in TR 36.885 for V2V services and specify the identified option(s)
One of the enhancement option captured in TR 36.885 is sensing based collision avoidance. In RAN1#84, the following agreement is made,
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However, details of sensing need to be further clarified e.g. on how sensing should be performed, how to utilize the sensing results, when/how to perform resource reselection, etc. In this contribution, we will discuss on these details and provide our preferences.
2. Sensing for UE autonomous resource selection
There are many issues and design options for sensing based resource selection. In RAN1#84 meeting, multiple issues and potential alternative solutions has been listed in chairman’s observation. In this section, we will discuss on those issues which are important and give our preference.

Issue 1: SA resource selection

Whether sensing with semi-persistent transmission should be supported for SA resource selection may highly depends on how SA and the associated data are multiplexed. If SA and its associated data are multiplexed in the same subframe, the SA transmission will be semi-persistent the same as its associated data. 
Transmitting SA and its associated data in the same subframe (FDM) have better performance than the TDM approach as shown in our evaluations (in Figure 2). One concern for semi-persistently transmitting SA and its associated data in the same subframe is the half duplex problem. Two UEs selecting the same subframe may continuously transmit in the same subframe until resource reselection, and thus they cannot communicate with each other for a rather long duration, which could be dangerous for safety applications.  

A possible solution to solve the half duplex problem is by retransmissions. UEs transmitting in the same subframe may transmit in different subframes in retransmissions. Rel-12 SA hopping rule or simple randomization may be considered to avoid the half duplex problem. The details can be FFS.
In dense UE deployment scenario, increasing the number of data transmissions may have negative impact on the system performance (as shown in Figure 2). The impact of half duplex problem can be mitigated by using proper sensing based resource selection algorithm. For example, by energy sensing, the subframe with relatively lower receiving energy can be selected, which makes geographical nearby UEs tend to select different subframes to transmit, and thus avoid half duplex problem among nearby UEs. 

Therefore, we propose:

Proposal 1: FDM transmission of SA and its associated data should be supported, and sensing with semi-persistent transmission of SA should be supported.

Issue 2: How can a UE obtain information for identification of the resources that will be occupied and/or collided by the other UEs?
Different sensing methods have been proposed based on energy sensing, SA decoding, data decoding, assistance from eNB, or a combination. 
SA decoding is necessary for a vehicle UE to receiving V2V communication from other UEs. Therefore, sensing based on SA decoding will not introduce additional UE complexity. The time and frequency resource of the associated data can be directly obtained if SA decoding is successful. Further, blind detection of SA from other UEs provides the occupied SA time/frequency position for SA resource selection. Therefore, we propose:
Proposal 2: Occupied resource is identified at least based on SA time/frequency location and SA contents
Although SA decoding can provide useful information on resource occupation by other UEs already, energy sensing can provide additional information on estimated interference level, and thus better performance can be expected. In addition, if SA decoding is not successful e.g. due to resource collision, etc., energy sensing can still provide useful information on resource occupation/collision. 

On the other hand, the measurement complexity and accuracy of energy sensing and its impact on the system performance may need to be further clarified. For example, if per PRB energy sensing is assumed, the measurement accuracy of a single measurement may be poor. The duration for sensing may need to be prolonged, which will cause negative impact on UE initial access delay. Therefore, we propose:
Proposal 3: Energy sensing can also be supported for UE resource selection if the impact of measurement accuracy and complexity can be clarified. 
To obtain sufficient information for identifying occupied resources, a UE must sense for a sufficiently long duration of time. Generally speaking, to avoid resource collision, the sensing duration should include at least one of the semi-persistent transmissions of other UEs. For initial UE resource selection, UE has to wait until the sensing duration finishes, and then selects transmission resources based on the sensing results. 
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Figure 1 Semi-persistent transmission of UEs
Therefore, a sensing window could be defined to identify the duration within which the sensing results should be collected for resource selection. The length of sensing window may depend on the details of semi-persistent transmission of UEs. Following two options of UE semi-persistent transmission can be considered:
Option 1: a common semi-persistent transmission period is used for every UE;

· The same transmission period is used for semi-persistent transmission in a given resource pool, which could be multiple times of the SA period of the pool. If UE needs to transmit with a shorter period, it can select multiple resources in a multiple transmission process way, as illustrated in Figure 1 (a).
Option 2: different UE specific semi-persistent transmission period can be used, as shown in Figure 1(b)
· UE can select different semi-persistent transmission period and transmit in the same resource pool. The selected transmission period may need to be signaled e.g. by SA content for correctly identifying occupied resource by sensing UEs, and for correct data reception by receiving UEs.
For both options, to correctly identify resource occupied by other UEs, the sensing window size should be defined based on the maximum semi-persistent transmission period. For semi-persistent transmission option 1, it is possible to allow UE to sense only a subset of resource within the semi-persistent transmission period, and only select resource within the sensed subset. The sensing energy consumption and initial access latency can be reduced although the scheduling efficiency may be impacted.
Based on the discussion, we propose:

Proposal 4: The duration that UE performing sensing before resource selection should be defined, the length of which is based on the maximum semi-persistent transmission period.

· Partial sensing can be considered if common semi-persistent transmission period is supported

Even for event-triggered traffic, sensing with either option 1 or option 2 is beneficial. – As discuss in the following, as long as UE performs background sensing, sensing mechanism does not introduce additional latency on the resource selection for event-triggered traffic. – If SA contains a flag to indicate reservation for the subframe after SPS period, single shot transmission with sensing is distinguished by receiver UEs. In order to decide the necessity of reservation, transmitting UE needs to be aware of its traffic pattern associated to the transmitting packet. Such assumption should be realized at any level. Otherwise, UE cannot decide appropriate SPS transmission and sensing mechanism with semi-persistent transmission is not workable. If it is the case that L1/L2 of the UE is not aware of its traffic type, sensing mechanism needs to be designed to more dynamic manner similar to DSRC. Based on the discussion, we propose:
Observation 1: If L1/L2 of the UE is not aware of its traffic characteristics, UE is not able to decide appropriate SPS transmission.

Proposal 5: Send a LS to RAN2 and SA2 to ask whether UE can be aware of its traffic characteristics, e.g., transmission periodicity and/or packet size for CAM message transmission.
Issue 3: What does the UE do with this information?
UE behavior on how to utilize the sensing information to select the resource should be specified to avoid potential interference and collision due to diverse UE behaviors. Different resource selection principles have been proposed based on different assumptions on information obtained from UE sensing [3]. In this contribution, the evaluation results of the following resource selection options are shown:
· Option 1: UE identifies the resource occupied by other UEs by SA decoding, and randomly selects the resource after excluding the identified occupied resource;

· Option 2: UE measures the receiving energy on resource, and selects the resource with relatively lower receiving energy;

· Option 3: UE identifies the resource occupied by other UEs by SA decoding, and measures the receiving energy on resource; UE selects the resource that are not occupied but FDMed with the resource of highest receiving energy;
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Figure 2 PRR vs. distance with different resource selection options

In Figure 2 we show the evaluation results of option 1, option 2 with assumption that SA and the associated data are TDMed or FDMed. The detailed evaluation assumptions are shown in the appendix. For option 3, we only evaluated its performance with TDMed SA and associated data assumption. With Option 3, UEs will tend to select the same set of subframes, and thus the performance is poor. The evaluation results show that better performance can be achieved by FDMed SA and associated data. In addition, energy sensing option 2 can effectively improve the system performance compared with using SA decoding only, especially for FDMed SA and data and when the number of transmission is smaller.
Therefore, we propose

Proposal 6: If energy sensing is supported, UE selects the resource with relatively lower receiving energy.
Issue 4: Reselection
UE reselection may be triggered by specific event or regularly. Although UE tries to avoid selecting identified occupied resources by sensing, resource collision may still happen due to half duplex or UE mobility. As UE moves, two UEs selecting the same resource when they are far wary from each other may become close to each other, and thus the collision will happen. Therefore, UE needs to regularly update its resource selection, and the period for updating should be inversely proportional to UE moving speed.  

Another possibility for UE resource collision is when multiple UEs sense, select resource and start to transmit at almost the same time. These UEs will have the same sensing results on resource occupancy, and has relatively high probability to select the same resource if they are geographically nearby. Due to half duplex, UEs transmitting in the same resource cannot detect collision by themselves, and thus the collision will continue until some UE reselects the resource. Probability based or some collision detection based resource reselection may be helpful to solve the problem.
Observation: regular and/or event based resource reselection triggering mechanism is needed to avoid resource collision due to UE mobility and half-duplex problem.
To reselect the resource, UE needs to preform sensing again to identify the resource that will be occupied/collide with other UE, which may incur additional latency between when reselection is triggered and when UE transmits in the reselected resources. An efficient way to avoid this kind of latency is by introducing background sensing. UE can continuously sense the environment during semi-persistent transmission. When resource reselection is triggered, UE can directly utilize the previous sensing results and the resource selection can be accomplished intermediately. Due to half duplex constraint, UE is not able to sense the transmission from other UEs on the subframe that it transmits SA and data. Sensing on adjacent subframe would also be skipped. Therefore, UE shall consider that subframe(s) is occupied if the subframe can be reserved by prior subframe(s) where sensing is skipped..
Proposal 7: Vehicle UE is allowed to reselect the resource using sensing results of background sensing and avoids selecting the same subframe as selected before the reselection.
3. Conclusions
In this contribution, the details of sensing with semi-persistent transmission of data are discussed. Based on our discussion, we proposed:
Proposal 1: FDM transmission of SA and its associated data should be supported, and sensing with semi-persistent transmission of SA should be supported.

Proposal 2: Occupied resource is identified at least based on SA time/frequency location and SA contents.

Proposal 3: Energy sensing can also be supported for UE resource selection if the impact of measurement accuracy and complexity can be clarified. 
Proposal 4: The duration that UE performing sensing before resource selection should be defined, the length of which is based on the maximum semi-persistent transmission period.

· Partial sensing can be considered if common semi-persistent transmission period is supported.

Proposal 5: Send a LS to RAN2 and SA2 to ask whether UE can be aware of its traffic characteristics, e.g., transmission periodicity and/or packet size for CAM message transmission.

Proposal 6: If energy sensing is supported, UE selects the resource with relatively lower receiving energy.

Proposal 7: Vehicle UE is allowed to reselect the resource using sensing results of background sensing and avoids selecting the same subframe as selected before the reselection.
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Appendix: Evaluation assumptions
The simulation parameters used in the evaluation are shown in Table I.

For both scenarios of TDM or FDM SA and associated data, it is assumed that SA period is truncated to 20ms and the semi-persistent transmission period is set as 100ms. SA and data resource pools are FDMed. In frequency domain 8 PRBs are assigned for SA transmission and remaining 42 PRBs are assigned for data transmission. Fixed data block size is assumed to be 14 PRBs for both 190 bytes and 300 bytes data. 

For TDMed SA and associated data, the SA transmission happens in the previous SA period of data transmission. Rel-12 SA hopping rule is used for SA retransmission. The number of SA retransmission is fixed to 2 as in Rel-12 D2D. If data retransmission is enabled, the selection of resource position for data retransmission is independent to that for data transmission but in the different subframe. 
For FDMed SA and associated data, the SA transmission happens in the same subframe of data transmission. 1.2dB transmission power backoff are assumed for multi-cluster transmissions. The number of SA retransmission is the same as that of data retransmission. For resource selection, it is assumed that data resource selection is executed before SA resource selection. SA will always select the same subframe as data transmission, and select only frequency domain position according to different resource selection principles. 
Table I: Simulation assumptions
	Carrier Frequency
	6GHz

	Bandwidth
	10 MHz

	Number of carriers
	One carrier

	In band emission
	Reuse model in Section A.2.1.5 in [4] with {W, X, Y, Z} = {3, 6, 3, 3}

	Tx power
	23 dBm

	UE dropping & mobility
	Urban scenario as Table A.1.2-1 in [2]

	eNB deployment
	As A 1.3 in [2] 

	Pathloss mode
	WINNER+ B1 Manhattan grid layout

	Fast fading
	UMi NLOS as in [2]

	Traffic model
	Periodic traffic as A 1.5 in [2]

	Power backoff for multi-cluster transmission
	1.2dB

	Message generation period
	100 ms


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
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