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1
Introduction
In this contribution, we discuss details of sensing for V2V using sidelink. We present some simulation results and make proposals for system level design. The contribution is organized as follows:

· Section 2 discusses options for Mode 2 resource selection scheme and present some simulation results

· Section 3 gives further details on resource selection 
· Section 3 concludes the contribution

2
Options for Sensing
During RAN1#85 the following agreement was achieved on sensing. 
Agreement:
· For PSSCH resource (re)selection when all the PSCCH/PSSCH transmissions have the same priority (FFS whether the initial resource selection needs to be designed differently from the procedure below)
· Step 1: All the resources are considered available.
· Step 2: UE excludes resources at least based on SA decoding and additional conditions. Down select one between the following options.
· Option 2-1: A resource is excluded if it is indicated or reserved by a decoded SA and the received DM RS power in the associated data resource is above a threshold.
· Option 2-2: A resource is excluded if it is indicated or reserved by a decoded SA and the energy in the associated data resource estimated from the measurement in the SA resource is above a threshold. Additional estimation of energy caused by in-band emission is not precluded.
· FFS the estimation of the energy in the associated data resource.
· Measuring energy of SA transmitted from a particular UE may not be accurate enough.
· The precise definition of “if it is indicated or reserved by a decoded SA” to be discussed later.
· FFS the details of the thresholds above
· Step 3: UE selects its transmission resource from the resources not excluded by (Down select one among the following options)
· Option 3-1:
· Step 3-1: UE measures and ranks the remaining PSSCH resources based on total received energy and selects a subset
· Step 3-2: UE compares the energy on the currently selected resource with the energy of the resources the subset. If the energy of the current resource is a threshold above the energy of all the resources in the subset, then UE selects one among the subset of resources.
· A semi-persistent period before reselection is triggered, UE transmits PSSCH on another resource in the subset identified in step 3-1 and measures the energy of the currently selected resource for step 3-2.
· Step 3-3: UE randomly selects one resource from the subset
· Option 3-2:
· Step 3-1: UE measures and ranks the remaining PSSCH resources based on total received energy and selects a subset
· Step 3-2: UE randomly selects one resource from the subset
· Option 3-3:
· Step 3-1: UE measures and ranks the remaining PSSCH resources based on total received energy and selects a subset
· Step 3-2: UE selects the resource that minimizes the frequency resource fragmentation from the subset.
· Option 3-4:
· Step 3-1: UE measures RX power of PSSCH resource indicated in the decoded SA, sum them as the total RX power of a subframe, and sorts the subframes according to the total RX power.

· Step 3-2: A set of available subframes consists of X subframes with the highest total RX power and Y subframes of the lowest total RX power. UE randomly selects transmission subframe(s) from this set.
· Step 3-3: UE randomly selects frequency from transmission subframe(s).
· FFS how to select resources for a wideband transmission based on the energy/power measurement above.
We propose that for Step 2 Option 2-1 be used. As discussed during the online session using the SA for energy measurement is challenging since the DMRS for all SA’s can be identical. 
Proposal 1: Use Option 2-1 for Step 2.
For Step 3 we simulated Option 3-1 and Option 3-2. The results are shown in Figures 1 to 5 below. We simulated both the Freeway and Urban cases as agreed to in [2]. The Freeway length was set to 2000m. For Freeway we also simulated speeds of 250 km/hr with spacing of 2.5s (which corresponds to 69 cars). The metrics plotted are as agreed in [2]. eNodeB was not modelled and the whole spectrum was assumed to be available to V2V. For LTE-V2V each packet was transmitted using a single HARQ transmission. For both packet sizes of 190 bytes and 300 bytes the number of RBs occupied was equal. We simulated size of 18 RBs and 48 RBs. SA size was fixed to 2 RBs with the number of information bits set to 64.  A channelization based resource pool as described in [1] was used. 5 channels of 10 RBs each were used. SA and associated data transmissions were adjacent in frequency and were transmitted on the same subframe. A backoff of 1dB was assumed, i.e., transmit power was set to 22dBm.The power per RE (resource element) was set equal for SA and associated data. The energy threshold for excluding SA decoded resources was set to -70dBm. The countdown timer was set according to the working assumption made during RAN1#85. 

· Reselection is triggered if any of the following conditions are met

· A counter meets an expiration condition
· The counter decrements 

· Working assumption: every TB transmission (can be revisited if a problem is identified with TBs other than every 100 ms) 

· The counter is reset to a value when reselection is triggered for all the semi-persistently selected resources.
· The value is uniformly randomly selected within a range (which is independent of the TB arrivals) between 5 and 15 

In Step 3-2 for Option 3-1 the energy in the currently selected resource is compared to the set of resources with lowest 20% of the energy. The threshold is set to 6dB. 
Step 3-2: UE compares the energy on the currently selected resource with the energy of the resources the subset. If the energy of the current resource is a threshold above the energy of all the resources in the subset, then UE selects one among the subset of resources.
Similarly for Option 3-2 the subset is the 20% lowest energy set of resources.

As agreed to (a-b) was set to 1000ms. The SPS period was set to 100ms for all cases. We refer the reader to our companion contribution [3] for details. We also simulated DSRC with transmit power set to 20dBm.
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Figure 1: System level performance for Freeway case (250km/hr)
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Figure 2: System level performance for Freeway case (140km/hr)
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Figure 3: System level performance for Freeway case (70km/hr)

[image: image4.emf]0 50 100 150 200 250 300

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

transmitter-receiver distance

packet reception ratio

 

 

Option 2-1 with 3-2, 18 RBs

Option 2-1 with 3-1, 18 RBs

Option 2-1 with 3-2, 48 RBs

Option 2-1 with 3-1, 48 RBs

DSRC, 20 dBm


Figure 4: System level performance for Urban case (60km/hr)
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Figure 5: System level performance for Urban case (15km/hr)

We observe that Option 3-1 outperforms Option 3-2 in every plot. The performance gap is very significant in Freeway scenarios where for some case the 90% PRR range is reduced by more than 50%. This is mainly because Option 3-2 forces a UE to reselect every time even if a resource is a good resource. Such forced reselection reduces the ability of to use past resources to predict the future. We make the following observation and proposal.
Observation 1: Using Option 3-1 leads to a significant loss in performance because it leads to unnecessary reselection. This can lead to significant loss in performance.

Proposal 2: Use Option 3-1 for Step 3 where the ‘subset of resources’ is defined to be resources with lowest measured energy.
3
Details of Resource Selection

During RAN1#84bis and RAN1#85 the following agreements were achieved on sensing related to resource selection/reselection
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.

Agreement:
· The values of a and b are fixed

· b > 0

· Confirm the working assumption “The values a and b are common for V2V UEs”

· a = 1000 + b
· All the decoded SA transmissions in TTI [n-a, n-b) are taken into account.
· A decoded SA which is associated with data transmissions in data resource(s) at any TTI [n-a, n-b) and transmitted earlier than TTI n-a is taken into account.
In our companion contribution [3] we give detailed proposals on value of a, b, c, d, and e. We consider selection of PSCCH. At time n both PSSCH and PSCCH should be selected (and not just PSSCH) in a semi-persistent manner. 
Proposal 3: At time n both the resources for PSCCH and PSSCH should be selected in a semi-persistent manner.
If transmission of SA and associated data does not occur on the same subframe then PSSCH should be selected and appropriated PSCCH that can allocate resource on the selected PSSCH resource should be selected randomly. We note that this requires selecting an appropriate ‘cluster’ of PSCCH also. A cluster is defined in our companion contribution [1]. 

Proposal 4: If transmission of SA and associated data does not occur on the same subframe then first select PSSCH resources using sensing and then randomly select PSCCH resources among the appropriate set of resources that can schedule the selected PSSCH resources.
If transmission of SA and associated data occurs on the same subframe and are adjacent in frequency then UE should choose resources taking into account the total size of PSCCH and PSSCH resources. The UE then randomly selects a PSCCH resource among the selected resources. 

Proposal 5: If transmission of SA and associated data occurs on the same subframe and are adjacent in frequency then UE should choose resources taking into account the total size of PSCCH and PSSCH resources. The PSCCH resource is selected randomly among the available PSCCH resources in the selection.
We further propose that when the count down timer is at 2 then UE chooses another resource among the ‘subset of resources’ as defined in Proposal 2 for the next transmission. Then the UE can listen on its currently selected resource to compare with the energy on other resources. This is illustrated in Figure 6 below. When the counter goes to 1 transmission occurs on a different resource. When the counter reaches zero, i.e., at subframe ‘n’ the reselection occurs and a different resource is selected.

Figure 6: Timing diagram for reselection when counter count downs to 0

Proposal 6: When reselection counter reaches 2 then the next transmission occurs in another resource among the ‘subset of resource’. This allows the UE to measure energy on its currently selected resource.

During RAN1#84bis the following agreement was achieved.
Agreement:
· In UE autonomous resource selection mode, SA can be transmitted for every TB.

· FFS whether to support transmitting and/or receiving TB without SA
· FFS whether every data (re)transmission for the same TB has the associated SA transmission.

Transmitting and/or receiving TB without transmitting SA is not a good option. Due to mobility of vehicles there is a case where the SA transmission is missed and subsequent TB without SA are not decodable. For same subframe SA and associated data transmission each data (re)transmission should have an associated SA transmission. This is needed to make retransmissions individually decodable especially when the first transmission is missed due to half duplex issue.
Proposal 7: Transmitting and/or receiving TB without transmitting SA should not be supported.
Proposal 8: When SA and associated data are transmitted on the same subframe then every data (re)transmission should have an associated SA transmission.
During RAN1#84bis and RAN1#85 following agreements and working assumptions were achieved on priority for resource selection/reselection.
Agreement:
· Proposal 1: 

· Priority handling is supported over PC5 for eNB-scheduled and UE- autonomous V2V communication 

· Proposal 2: 

· The priority information is taken into account in the resource (re)selection for UE-autonomous mode

· Further details are FFS

· Proposal 3:

· Down-select between two alternatives at RAN1#85 meeting

· Alt.1 Priority information is signaled in SCI
· Alt.2 Priority information is not signaled in SCI
Working assumption:
· SCI explicitly includes priority information.

· FFS how this priority information is exactly transmitted in SCI.

· Priority information in a decoded SCI is used in resource (re)selection.

· Priority information in a decoded SCI is not used as a condition to trigger resource reselection 

· Priority information in a decoded SCI is not used as a condition to drop transmission.
The priority can be taken into account when SA is decoded. We propose that in Step 2 there should be a different energy threshold associated with each priority level. If the energy of the decoded SA is above the threshold corresponding to the priority in the decoded SA then the resource is not considered for reselection. These thresholds can be configured via SIB broadcast.
Proposal 9: In Step 2 of resource (re)selection configure different thresholds for different values of PPPP. If the energy associated with a decoded SA is above the threshold associated with the PPPP value indicated in the SA then the associated data resources are not considered for (re)selection. 
We note that for sensing based selection/reselection a UE will need to sense for at least 1000ms to make a decision. Sometimes this may not be possible, a UE that has just woken up and/or if resource pool configuration changes. Then waiting for 1000ms to transmit a message will violate the 100ms latency requirement. 

Observation 2: There are scenarios where if a UE is required to sense for 1000ms meeting latency requirements is not possible.

In such scenario we propose that the UE behaviour be well defined. It can be eNodeB configured or pre-configured whether the UE should random selection or sensing in such a scenario. The configuration can be on a per priority basis. For example, for a higher priority packet, due to the urgency of transmission, random selection can be configured and vice versa. Furthermore, if random selection is configured eNodeB can also configure when the UE should switch to sensing based selection. For example, after 500ms a UE can switch back to sensing based using partial sensing information. Such configuration will be performed using broadcast for RRC_IDLE UEs and using unicast for RRC_CONNECTED UEs.
Proposal 10: A UE’s behaviour when it does not have sensing history for resource selection should be configured/pre-configured.
· UE can be configured to use random selection or sensing. Such configuration can be on a per priority basis.
· If random selection is configured then a time period can also be configured after which a UE can switch to sensing based on potentially partial sensing information. This period can also be configured on a per priority basis.

· RRC_IDLE UEs can be configured via broadcast while RRC_CONNECTED UEs can be configured using unicast.
3
Conclusion

In this contribution we discussed details of sensing with semi-persistent transmission. We made the following observations and proposals.
Proposal 1: Use Option 2-1 for Step 2.
Observation 1: Using Option 3-1 leads to a significant loss in performance because it leads to unnecessary reselection. This can lead to significant loss in performance.

Proposal 2: Use Option 3-1 for Step 3 where the ‘subset of resources’ is defined to be resources with lowest measured energy. 

Proposal 3: At time n both the resources for PSCCH and PSSCH should be selected in a semi-persistent manner.
Proposal 4: If transmission of SA and associated data does not occur on the same subframe then first select PSSCH resources using sensing and then randomly select PSCCH resources among the appropriate set of resources that can schedule the selected PSSCH resources.

Proposal 5: If transmission of SA and associated data occurs on the same subframe and are adjacent in frequency then UE should choose resources taking into account the total size of PSCCH and PSSCH resources. The PSCCH resource is selected randomly among the available PSCCH resources in the selection.

Proposal 6: When reselection counter reaches 2 then the next transmission occurs in another resource among the ‘subset of resource’. This allows the UE to measure energy on its currently selected resource.

Proposal 7: Transmitting and/or receiving TB without transmitting SA should not be supported.
Proposal 8: When SA and associated data are transmitted on the same subframe then every data (re)transmission should have an associated SA transmission.
Proposal 9: In Step 2 of resource (re)selection configure different thresholds for different values of PPPP. If the energy associated with a decoded SA is above the threshold associated with the PPPP value indicated in the SA then the associated data resources are not considered for (re)selection. 

Observation 2: There are scenarios where if a UE is required to sense for 1000ms meeting latency requirements is not possible.

Proposal 10: A UE’s behaviour when it does not have sensing history for resource selection should be configured/pre-configured.

· UE can be configured to use random selection or sensing. Such configuration can be on a per priority basis.

· If random selection is configured then a time period can also be configured after which a UE can switch to sensing based on potentially partial sensing information. This period can also be configured on a per priority basis.

· RRC_IDLE UEs can be configured via broadcast while RRC_CONNECTED UEs can be configured using unicast.
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