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1 Introduction

In RAN2 #101, the following agreements were made related to Mode 3/Mode 4 pool sharing for V2X UEs [1]:
Agreements
1: Support resource pool sharing between Rel-15 mode-3 and Rel-15 mode-4 UE.

2: Support resource pool sharing between Rel-15 mode-3 and Rel-14 mode-4 UE.

3: Not support resource pool sharing between Rel-14 mode-3 and Rel-15 mode-4 UE.

4: Full resource pool sharing is supported. Partial resource pool sharing scenario is deprioritized in Rel-15.

5: Reuse Rel-14 single pool configuration for mode-3, no enhancement is needed.

6: It is up to RAN1 to decide on the tool of non-zero reservation bits for resource pool sharing.

7: It is up to RAN1 to decide on the tool of mode indicator in SCI for resource pool sharing.

8: FFS on the need of support of new mode-3 sensing report for resource pool sharing.
In RAN2 #101bis, discussion about whether to support reporting of sensing results to the eNB to enable pool sharing was held, and no conclusions were drawn.  In this contribution, we further discuss this topic. 
2 Reporting of Sensing Results to the eNB
2.1 Reporting of Sensing for Collision Avoidance
To enable sharing of resources between Mode 3 UEs and Mode 4 UEs, RAN1 has agreed that Mode 3 UEs set the resource reservation field in the SCI when configured with SPS resources. This allows Mode 4 UEs to be aware of future resources reserved by the network for Mode 3 UEs with SPS.  These SPS resources are then treated the same way as conventional Mode 4 reserved resources in the Rel14 Mode 4 reservation mechanism.

In Rel14, a Mode 4 UE is able to avoid collision with other Mode 4 UEs by reading the resource reservation field in the SCIs transmitted by the other UEs during the sensing period.  This ensures that the UE’s transmissions does not collide with the announced (i.e. reserved) transmissions of other UEs.  To maintain a similar performance of collision avoidance between Mode 3 and Mode 4 in shared pools, the eNB needs to be aware of the resources occupied by Mode 4 UEs before scheduling Mode 3 UEs.  This may be accomplished via some type of UE reporting mechanism.
Observation 1:
To maintain similar collision avoidance performance as in Rel14 for pool sharing, the eNB needs to be aware of the resources occupied by Mode 4 UEs.

Scheduling by the eNB without awareness of the Mode 4 reserved resources would also violate the existing prioritization mechanism which was designed in Rel14 V2X (based on PPPP).  Specifically, if the eNB has no knowledge of resources occupied by Mode 4 UEs (i.e. blind scheduling), the eNB may schedule a low priority Mode 3 UE transmission over a high priority Mode 4 transmission.  

Observation 2:
Blind scheduling by the eNB in shared resource pools violates Rel14 prioritization scheme. 
Based on the above, we believe that reporting of sensing results would be necessary in order to properly design the sharing of resource pools between Mode 3 and Mode 4 UEs.  

Proposal 1:
Sensing and reporting for Mode3/Mode4 pool sharing is supported for eV2X.
2.2 Details of Reporting 
Format of the Sensing Reports

During discussion of the support for reporting of sensing at RAN2#101bis, a main concern mentioned by some companies is the overhead of signalling associated with sensing reports.  As a first goal, we should aim at designing a reporting scheme with minimal overhead, and which allows the eNB to control such overhead.
Observation 3:
Reporting scheme should be designed with minimal reporting size/overhead and allow for eNB configurability.
The sensing report could contain information present in the SCIs of other Mode 3 and Mode 4 UEs it has detected during the sensing period.  This would require the UE to report, for every detected SCI in the sensing period, at least the reserved resource, the reservation interval, and PPPP.  Depending on the number of UEs transmitting or SCIs detected, the size of this message may be quite large.  The message size will also depend on whether the UE reports all SCIs received over the full sensing window or only a set of SCIs received over a small period of time before the reporting instance.   

To avoid the overhead or large reports, the report could instead just contain the result of the resource selection algorithm of Rel14 Mode 4. Specifically, a UE could report a subset of the resources available determined using the same criteria as Rel14 Mode 4 resource selection algorithm (the resources with PSSCH-RSRP below a threshold following decoding of SCIs).  One advantage of this alternative is that it re-uses Rel14 resource selection and thus reduces implementation and specification effort.  Secondly, the size of the sensing reports in this case would be smaller as only the availability/inavailability information associated with each resource (rather than RSCP, RSSI, PPPP, etc) would need to be reported.  The report could be in the form of a bitmap, with each bit representing a subchannel (in frequency) and subframe (in time).  In such a case for instance, 480bits can be used to represent all the resources assuming a 10Mhz carrier with 10 RBs per subchannel and [T1,T2] = [4,100].  

Proposal 2:
Sensing reports indicate availability/inavailability of subchannels, derived using the Rel14 Mode 4 resource selection criteria.  

When to send the reports
A first question to address is when a UE transmits the sensing results to the eNB.  Since the sensing results are being used by the eNB to determine the resources to assign to the mode 3 UE, one logical option would be for a UE to send the sensing results upon reception of data from the higher layers.  In order for the eNB to receive the sensing results in time to make a resource allocation decision, the UE would have to send them in the BSR, or in another MAC CE sent along with the BSR.  While this option would allow meeting the UE’s latency requirements, it requires all of the sensing results to be transmitted within a MAC CE, and each time the UE has data pending for transmission.

An alternative which would better meet the goal of reducing/controlling the signalling overhead would be to have a UE periodically transmit sensing results.  With an eNB-configured report period, the signalling overhead could be controlled by the network according to the number of mode 3 UEs and the expected frequency of their transmissions.  The network could also reuse the sensing results of other UEs (mode 3 or mode 4) to determine the resource allocation for a mode 3 UE in the same location, further reducing the number of UEs that need to report sensing.  Since the latency of the reports become less critical in this case, an RRC message can be used for the periodic reports. 

Proposal 3:
The eNB can configure the UE to send periodic sensing reports in RRC message.

One shortcoming with an RRC-based periodic report is that the availability of a specific resource may have changed between the last reception of sensing results for that resource by the eNB and the time at which the eNB uses it to schedule a mode 3 UE.  The likelihood of such occurance may be low and can be controlled through appropriate configuration of the reporting period.  In addition, we believe that a reporting scheme that still introduces some possibility for collisions is better than having no reporting at all.

If companies still consider this an issue, a low-overhead solution can be designed whereby the UE is configured to futher report a change in the availability following the last periodic report it made to the eNB.  Such a report can be sent along with BSR (as a MAC CE) so that the eNB has access to the latest sensing results at the time of scheduling.  Since the UE needs only indicate the resources which have changed from available to unavailable, such a report would be much smaller than the original sensing results sent in RRC.  For instance, a bitmap with a size equal to the number of resources indicated as available in the last RRC-based sensing report can be sent.  The UE can indicate with a 0 bit the resources that are no longer available at the transmission of the BSR.  While other means are also possible, it should be clear that a report of the “delta” from the last periodic sensing report should be quite small.       

Proposal 4:
The eNB can configure the UE to send, along with BSR, an indication of the available resources which have changed to unavailable since the last periodic report.

Configuration of the sensing
In the Rel14 resource selection algorithm, the UE determines the availability of resources by performing sensing over the last 1 second prior to subframe n in which resource selection is initiated.  A UE selects resources in the window [n+T1, n+T2] (T1 <= 4ms, 20 <= T2 <=100ms) based on these sensing results and it considers a resource to be unavailable if it received an SCI in the last 1 second which reserves the resource, and the PSSCH-RSRP according to the received SCI is above a threshold.  The threshold itself is dependant on the PPPP of the data transmitted according to the SCI, and the data the UE itself wishes to transmit.

In the case the UE is sending periodic reports, the values of T1 and T2, and therefore the window of sensing results to be sent to the eNB, cannot be tied to the characteristics of the data to be transmitted.  To give the network the most flexibility in configuring the sensing across several UEs, both the sensing window and the frequency range of the reports should be configurable.  

Proposal 5:
The eNB can configure the time/frequency resources for which a UE reports availability/inavailability information.

Similarly, the PPPP used to determine the PSSCH-RSRP threshold cannot be determined by the UE at the time of transmission of the periodic report.  One possibility would be to use a default PPPP in the existing Rel14 resource selection algorithm (e.g. worst case PPPP).  However, we see some advantage in also making this value configurable to allow the network to collect reports of availablility which are more or less aggressive or to tailor different reports of availability depending on PPPP.

Proposal 6:
The eNB can configure the PPPP to be considered as the transmit priority in determining the PSSCH-RSRP thresholds in the resource selection algorithm.  

3 Conclusion

In this contribution the following observations we made related to reporting of sensing results for pool sharing in eV2X:
Observation 1:
To maintain similar collision avoidance performance as in Rel14 for pool sharing, the eNB needs to be aware of the resources occupied by Mode 4 UEs.

Observation 2:
Blind scheduling by the eNB in shared resource pools violates Rel14 prioritization scheme. 

Observation 3:
Reporting scheme should be designed with minimal reporting size/overhead and allow for eNB configurability.

Based on the above observations, the following conclusions have been made.

Proposal 1:
Sensing and reporting for Mode3/Mode4 pool sharing is supported for eV2X.

Proposal 2:
Sensing reports indicate availability/inavailability of subchannels, derived using the Rel14 Mode 4 resource selection criteria.  

Proposal 3:
The eNB can configure the UE to send periodic sensing reports in RRC message.

Proposal 4:
The eNB can configure the UE to send, along with BSR, an indication of the available resources which have changed to unavailable since the last periodic report.

Proposal 5:
The eNB can configure the time/frequency resources for which a UE reports availability/inavailability information.

Proposal 6:
The eNB can configure the PPPP to be considered as the transmit priority in determining the PSSCH-RSRP thresholds in the resource selection algorithm.  
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