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1 Introduction

In RAN2 #101, the following agreements were made on 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 RAN1 #92, the following agreement was made [2]:
Agreement: 

-
Rel-15 Mode 3 UEs shall set the resource reservation field in SCI-1 to the SPS period.

In this contribution, we discuss open aspects of pool sharing between Mode 3 and Mode 4 pools, specifically, the need to distinguish between mode 3 and mode 4 transmissions to reduce the transmission collision between mode 3 and mode 4 UEs when pool sharing is enabled.
2 On Mode 3 and mode 4 Pool sharing
In Rel14, resource collision between mode 3 and mode 4 UEs were not assumed to take place because different TX pools were presumed to be used. 

When resource pool sharing between mode 3 and mode 4 UEs is enabled in R15, resource collision between mode 3 and mode 4 UEs may happen. There are two alternative solutions to reduce resource collision between mode 3 UEs and mode 4 UEs. The first solution is to schedule mode 3 UEs with resources that are unoccupied by mode 4 UEs, and the second solution is to have mode 4 UEs avoid the resources occupied by mode 3 UEs. 
To enable the first solution, the network needs to be aware of the resources occupied by mode 4 UEs. Therefore, it is necessary that the UEs perform sensing and report the available resources to the network. However, RAN1 could not agree to support sensing and reporting mechanism.  Without sensing and reporting from the UEs, the network cannot schedule the resource unoccupied by mode 4 UEs. 
Observation 1:
Without sensing results reported by the UEs, the network cannot avoid resources used by mode 4 UEs when scheduling mode 3 UEs.
To enable the second solution, RAN1 has agreed that Mode 3 UEs set the resource reservation field in the SCI when configured with SPS resources [2]. This allows Mode 4 UEs to avoid the resources reserved by the network for Mode 3 UEs with SPS when Mode 4 UE perform resource (re)selection procedure. 

However, after the resource (re)selection procedure, a mode 4 UE generally keeps the same resource for a minimum of SL_RESOURCE_RESELECTION_COUNTER reservation intervals (determined by random selection in one of three intervals [5, 15], [10, 30], or [25, 75]).  Following this, the UE can decide to keep the resource without reselection for an additional number of intervals if, before each MAC PDU transmission, a random value generated by the UE in the interval [0,1] is smaller than probResourceKeep [3]. Therefore, persistent resource collisions can happen when the network schedules mode 3 UE using the resource(s) that have been already reserved by mode 4 UEs transmitting multiple MAC PDUs. 
Observation 2: 
Using only the resource reservation field in the SCI cannot avoid collisions caused by mode 3 UEs and mode 4 UEs that have already reserved the resources for multiple reservation periods.
To address the above issue, a mode 4 UE should be made aware of Mode 3 transmissions and release the resources occupied by these transmissions, based on priority and transmission mode.  Releasing these resources is not required when they conflict with mode 4 transmissions, since mode 4 performs sensing prior to transmission and there is no need to change the existing R14 behavior.  
However, a mode 3 UE may have selected a resource which was already reserved by a mode 4 UE, in which case resource reselection is needed for the mode 4 UE. 
Observation 3: 
To avoid collision with mode 3 transmissions, a mode 4 UE needs to be aware of the scheduling mode of a transmission (mode 3 vs mode 4). 
There is currently no means for a mode 4 UE to be aware of whether a transmission is from a mode 3 UE or a mode 4 UE.  One possible way to distinguish the scheduling mode is to indicate it explicitly in the SCI using one of the reserved bits in SCI.
Proposal 1:
UE uses one of the reserved bits in SCI format 1 to indicate its scheduling mode (mode 3 vs mode 4). 
Once the mode 4 UE is aware of mode 3 transmissions, it can perform resource reselection when a collision is detected with its reserved resource(s).  The Mode 4 UE can detect this situation by monitoring the SCI at each scheduled transmission to determine whether a Mode 3 UE transmission is being scheduled on any overlapping resource. When Mode 3 UE transmission is scheduled in an overlapping resource, Mode 4 UE can determine whether or not it should perform reselection.    

The decision of whether to perform reselection should be based on comparison of PSSCH_RSRP of the mode 3 transmission with a PPPP-dependant threshold, as is the case for Rel14 mode 4 resource selection.  In order to prioritize mode 3 transmissions over mode 4 transmissions, the mode 4 UE should use a different set of network-configured thresholds for reselection in case of collision with mode 3.
Proposal 2:
A Mode 4 UE performs resource reselection when it detects transmission by a Mode 3 UE on its reserved resources and PSSCH-RSRP is greater than a network configured threshold.  The threshold is PPPP-dependant and different than the mode 4 resource- selection threshold.
The above approach improves resource pool sharing between Rel15 mode 3 and Rel15 mode 4 UEs, which we believe will be the main use case.  Unfortunately, this approach cannot fully address the collision issue between R15 mode 3 and legacy R14 mode 4 UEs since the resource reselection of R14 mode 4 UE cannot be changed. However, if such collisions become an issue due to a large number of UEs, the network can configure two orthogonal resource pools and not use pool sharing in this case.
Finally, since the resource reselection is specified in MAC layer [3]; it is necessary to send an LS to RAN2 to inform them to introduce a new event to trigger resource reselection. 

Proposal 3:
If the above proposals are agreed, send an LS to RAN2. 

3 Conclusion

In this contribution, the following observations we made related to pool sharing for eV2X:
Observation 1:
Without sensing results reported by the UEs, the network cannot avoid resources used by mode 4 UEs when scheduling mode 3 UEs.

Observation 2: 
Using only the resource reservation field in the SCI cannot avoid collisions caused by mode 3 UEs and mode 4 UEs that have already reserved the resources for multiple reservation periods.

Observation 3: 
To avoid collision with mode 3 transmissions, a mode 4 UE needs to be aware of the scheduling mode of a transmission (mode 3 vs mode 4). 

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

Proposal 1:
UE uses one of the reserved bits in SCI format 1 to indicate its scheduling mode (mode 3 vs mode 4). 

Proposal 2:
A Mode 4 UE performs resource reselection when it detects transmission by a Mode 3 UE on its reserved resources and PSSCH-RSRP is greater than a network configured threshold.  The threshold is PPPP-dependant and different than the mode 4 resource- selection threshold.
Proposal 3:
If the above proposals are agreed, send an LS to RAN2. 
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