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Introduction
The work item for Phase 2 enhanced V2X (eV2X) was approved [1] in RAN#75 and the objectives were identified:
	The detailed objectives of this work item are as follows:
1.	Specify solutions for the following PC5 functionalities, which can co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs: [RAN1, RAN2, RAN4]
a)	Carrier aggregation (up to 8 PC5 carriers);
b)	64QAM;
c)	Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;
d)	Radio resource pool sharing between UEs using mode 3 and UEs using mode 4;



The issue was discussed in the previous 2 meetings with the following outcomes:
Agreement – RAN1#92 [2]
Rel-15 Mode 3 UEs shall set the resource reservation field in SCI-1 to the SPS period.
RAN1#92bis [3]
Companies were not able to reach a consensus on whether reporting has to be carried out by mode 3 UEs in the case where both mode 3 and mode 4 UEs share the same resource pool.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]This contribution discusses the key challenges regarding the sharing of resources of mode 3 and mode 4 UEs, and addresses these problems with appropriate solutions.
Motivation to use Mode 3 Reporting in Radio Resource Pool Sharing
Currently, Rel. 14 mode 3 UEs and Rel. 14 mode 4 UEs use their own respective transmit resource pools for V2X communication. The sharing of pools brings about the need for each UEs’ respective schedulers to be aware of the shared pool’s resource allocation status.
In the case of a mode 4 UE, since the UE itself senses the previous subframes and selects the available resources, it can sense the presence of a mode 3 UE as well in the previous subframes, and can avoid using those subframes that are frequented by mode 3 UEs. It has to be kept in mind that the sensing and the subsequent elimination of resources that are occupied by other UEs work only when sensing for repeated SPS transmissions. One shot (OS) transmissions in either mode 3 or mode 4 cannot be predicted and hence this information will not prove useful when the mode 4 UE senses the previous subframes.
In the case of mode 3 UEs, the eNB carries out the scheduling of the UEs and provides them with the exact resources in which they are to transmit. The problem with this method in a shared pool is that the eNB has no information about the mode 4 UEs which are simultaneously competing for resources within the same pool.
The eNB would benefit immensely from any sort of occupancy reporting which would enable it to not select resources already being used by mode 4 UEs. We propose that occupancy reports can be sent by a Rel. 15 mode 3 UE back to the eNB.
The occupancy report will inform the eNB about which resources are occupied by the mode 4 (and mode 3) UEs in the previous subframes. Using this information, the eNB can predict which resources a mode 4 SPS UE would be using and can hence avoid these resources. It also can use the existing scheduling information it has about the mode 3 UEs, and can easily eliminate the resources seen in the report that were being used by mode 3 UEs.
Mode 4 UEs carry out SPS in fixed intervals over a longer duration of time (the duration for mode 4 SPS intervals ranges from 4900ms to 149000ms, depending on the interval selected and the random selection of the resource reselection counter, assuming an FDD system, as described in [4,5]). This is particularly advantageous as the eNB can comfortably predict with a degree of certainty as to which resources the mode 4 UEs will be using. Given that occupancy reports are generated using the previous 1000 subframes, and is much smaller than the duration of the mode 4 SPS, the eNB can ascertain relatively free resources to schedule Rel. 15 mode 3 UEs.
Observation 1: Since the duration of mode 4 SPS is much longer than the sensing window, the occupancy reports enable the eNB to select resources which are not being used by a mode 4 SPS UE.
[bookmark: _GoBack]The agreement made in RAN1#92, where the SCI format 1 contains the value of the SPS interval for Rel. 15 mode 3 UEs [2], on its own does not substantially enhance the efficiency of the system. This only makes Rel. 14 mode 4 UEs aware of the resources where the Rel. 15 mode 3 UEs will transmit, but still leaves the eNB in the dark with respect to which resources the mode 4 UEs will be utilizing for transmission.
However, the occupancy report would indeed inform the eNB of the resources which are being used by the mode 4 UEs.
Observation 2: The decision made in RAN1#92 regarding the inclusion of the SPS interval in the Resource Reservation Field for Rel. 15 mode 3 UEs does not help the eNB in being aware of resources being used by mode 4 UEs.
Reporting Mechanisms
This section discusses the different types of reporting, as was discussed in the offline sessions in RAN1#92bis in Sanya [6].
Given that both groups of UEs (mode 3 and mode 4) are in geographical proximity to each other, the two groups of UEs are essentially sharing the same transmit resource pool, increasing the risk of collisions and therefore reducing reception reliability. For efficient resource allocation between the two groups of UEs, mode 3 UEs should carry out sensing of the resources, as well as report this information back to the eNB, as also discussed in [7,8]. This can be carried out in one of two possible ways:
· Mode 3 Enhanced CBR Reports,
· Mode 3 Sensing Reports.
Mode 3 Enhanced CBR Reports
While only the Rel. 14 mode 4 UEs carry out sensing of the previous resources using RSRP, both Rel. 14 UE groups have the capability to record the CBR occupancy report as well and send this report back to the eNB (in the case of mode 4 UEs, only the ones in RRC_CONNECTED send the report).
If a Rel. 15 mode 3 UE were to send reports back to the eNB to assist in resource scheduling, it could send a more detailed version of the CBR occupancy report. Currently, the UE measures the CBR per subframe and averages it out to generate the current CBR value. Instead of averaging it out, a Rel. 15 UE could provide the CBR values of each of the subframes in a given resource pool, thereby giving the eNB more information regarding the occupancy state of each subframe.
Proposal 1: Rel. 15 mode 3 UEs send a more detailed version of the CBR occupancy report by including the CBR values of each subframe of the resource pool, instead of averaging it out to provide a single value over the entire resource pool as done currently in Rel. 14.
Mode 3 Sensing Reports
Similar to how a Rel. 14 mode 4 UE senses previous resources using the RSRP measured in them, a Rel. 15 mode 3 UE could also carry out the same sensing process. The only addition to the process would be the necessity to report this information back to the eNB. The eNB would then be aware of resources occupied by all UEs, and given that it already knows the resources occupied by mode 3 UEs, it can also derive the resources occupied by mode 4 UEs alone. This information would then enable the eNB to avoid the resources occupied by mode 4 UEs and allocate resources to Rel. 15 mode 3 UEs in a more efficient manner.
Proposal 2: Rel. 15 mode 3 UEs carry out sensing of resources, similar to mode 4 UEs, and send this occupancy report to the eNB.
Challenges Faced While Reporting
The biggest challenge in the reporting of the channel occupancy status by the Rel. 15 mode 3 UEs is the resulting signalling overhead. Using the existing CBR reporting mechanism to send a detailed CBR report would remove the issue of any signalling overhead, but would cause additional overhead due to the larger size of the report. The process of sensing previous subframes would require the Rel. 15 mode 3 UE to send this information to the eNB. However, the size of the report can be reduced by sending information regarding the least congested resources which can be used for mode 3 UEs, or the most congested resources which are to be avoided.
Observation 3: The size of the report can be reduced by only sending the top-m statistics.
Given that the UEs share the same resource pool, all mode 3 UEs would essentially sense the same pool and send the same occupancy report. Hence, we propose that only a subset of Rel. 15 mode 3 UEs send the occupancy report to the eNB, as seen in Figure 1.
Observation 4: Having all Rel. 15 mode 3 UEs send an occupancy report causes unnecessary overhead.
The selection of the Rel. 15 mode 3 UEs sending the report can be carried out by the eNB based on a variety of parameters, e.g. by selecting the UE(s) with good link quality, having an upcoming PUSCH grant or depending on UE category. The eNB can signal the selected UE(s) to transmit the report in its upcoming measurement report using event triggers, similar to how the CBR reporting works in Rel. 14. This will reduce the overhead caused by all the UEs transmitting the report, as well as lead to minimal specification impact.
Proposal 3: Only a subset of Rel. 15 mode 3 UEs shall report the resource occupancy using the existing reporting mechanism as opposed to all mode 3 UEs, since they share the same resource pool. The report as such will contain only the top-m statistics, reducing the size of the report.
Way Forward
According to internal simulation results, in a V2X system with 50% mode 3 and mode 4 UEs, with 50% of them transmitting in SPS and the rest as OS transmissions, the percentage of number of collisions between the SPS UEs could be decreased by up to 30% using reporting. This number is further decreased to 50% if the percentage of SPS UEs is increased to 75%.
Observation 5: Reporting can reduce the number of collisions by up to 50%.
This shows that although the UEs transmitting OS could not be predicted, the mode 4 UEs using SPS can be predicted quite successfully by the eNB and can avoid allocating these resources to mode 3 UEs. The number of collisions decrease further if the system is loaded with SPS UEs, which is more close to a practical real time scenario, where vehicles transmit more messages periodically, rather than as a one-time transmission.
Although RAN1 could not reach a consensus on whether reporting is required, we feel that it is vital for the healthy functioning of a V2X system with shared resource pools. Based on the way forward submitted in the previous meeting [9], the details of a reporting scheme is entirely up to RAN2 and hence we propose that RAN2 take this up to completion.
Proposal 4: RAN2 takes up the topic on reporting mechanisms for resource pool sharing, and decides the exact method, along with the required addition/editing of RRC parameters.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, the challenges faced in the sharing of resources for both mode 3 and mode 4 UEs and their respective solutions were discussed. The following is a summary of the observations: 
Observation 1: Since the duration of mode 4 SPS is much longer than the sensing window, the occupancy reports enable the eNB to select resources which are not being used by a mode 4 SPS UE.
Observation 2: The decision made in RAN1#92 regarding the inclusion of the SPS interval in the Resource Reservation Field for Rel. 15 mode 3 UEs does not help the eNB in being aware of resources being used by mode 4 UEs.
Observation 3: The size of the report can be reduced by only sending the top-m statistics.
Observation 4: Having all Rel. 15 mode 3 UEs send an occupancy report causes unnecessary overhead.
Observation 5: Reporting can reduce the number of collisions by up to 50%.
The following proposals are put forth as potential solutions:
Proposal 1: Rel. 15 mode 3 UEs send a more detailed version of the CBR occupancy report by including the CBR values of each subframe of the resource pool, instead of averaging it out to provide a single value over the entire resource pool as done currently in Rel. 14.
Proposal 2: Rel. 15 mode 3 UEs carry out sensing of resources, similar to mode 4 UEs, and send this occupancy report to the eNB.
Proposal 3: Only a subset of Rel. 15 mode 3 UEs shall report the resource occupancy using the existing reporting mechanism as opposed to all mode 3 UEs, since they share the same resource pool. The report as such will contain only the top-m statistics, reducing the size of the report.
Proposal 4: RAN2 takes up the topic on reporting mechanisms for resource pool sharing, and decides the exact method, along with the required addition/editing of RRC parameters.
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