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1 Introduction

RAN plenary #75 approved a work item for 3GPP V2X Phase 2 to support advanced V2X services [1] as identified in SA1 TR 22.886. The following topics are part of the detailed objectives of this work item:

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;
In this contribution, we discuss some RAN2 aspects of radio resource pool sharing between UEs using mode 3 and UEs using mode 4, taking into account the output of the recent email discussion on such topic [5]. 

2 Discussion 
For UEs using mode 3, the sidelink resources are scheduled by eNB, which can ensure that there is no resource collision between mode 3 UEs. For UEs using mode 4, each UE autonomously finds the resources available for its transmissions based on sensing of SCI sent by other UEs. The resource reservation field in SCI format 1 indicates the resource blocks being reserved for the current transmission or for a future transmission, which contributes to the determination of resource availability by the mode 4 UEs. Resource collision may occur between mode 4 UEs. 

In principle, the network could configure either a separate (i.e. non-overlapped) or a shared (i.e. (partially) overlapped) resource pools for mode 3 and mode 4. A separate resource pool has the disadvantage of inefficient use of the system resources. A shared resource pool, on the other hand, allows for more efficient use of system resources as the resources can be more dynamically shared. 
Observation 1 A mode-3/mode-4 shared resource pool allows more efficient use of system resources. 
With shared resource pool, however, potential coexistence issues between the two modes may occur. This is because the eNB does not know what Tx resources are selected by mode 4 UE(s), therefore the eNB may schedule mode 3 UE(s) in Tx resources selected by mode 4 UE(s), in which case collision will occur, and performance of both mode 3 UE and mode 4 UE will suffer.  

Observation 2 Shared resource pool may lead to collision between mode 3 UEs and mode 4 UEs. 
Therefore, we believe it is worth configuring the shared resource pool only if we could find mechanisms to mitigate the coexistence issues. Rel. 14 V2X, for example, does not include any optimized mechanism that can handle the coexistence issues between mode 3 UE and mode 4 UE in case shared resource pool is configured.
Observation 3 Rel. 14 V2X does not include any optimized mechanism to handle coexistence between mode 3 and mode 4 in the same pool. 
In Rel.15, in order to mitigate collision issues and at the same time capitalize on a more efficient sidelink spectrum utilization, it is proposed to introduce certain enhancements to handle the coexistence of mode-3 UEs and mode-4 UEs on the same pool. 
Currently for mode 3 transmissions the resource reservation field in SCI format 1 is always set to zero, even when the UE is configured by the network with SPS. As a result, mode 4 UEs will not be able to learn about mode 3 UEs’ intention of resource utilization if they share the same resource pool. Therefore, one simple enhancement is to extend the usage of the resource reservation field in SCI format 1 to mode 3 UEs, i.e. if mode 3 UE is scheduled with SPS, it shall set the field according to the actual SPS configuration. This type of enhancement has also the benefit of being completely transparent to Rel-14 UEs, since the resource reservation field is already present in the Rel.14 SCI format 1, and Rel-14 UEs can also detect the presence of mode-3 UEs transmitting on the same resources.
Other set of enhancements could be proposed like shortening the values for the resource reselection counter so that collision (if any) would persist for shorter time. Or to somehow limit the access to the shared pool only if UE has to transmit packets with certain priorities. However, both enhancements would have some drawback such as increasing the frequency of resource reselection or even increase the bandwidth fragmentation which ultimately could affect the capacity. 

Therefore, by just enabling the mode-3 UEs to use the resource reservation field in the SCI might be enough to have robust enough performances.
Proposal 1 Resource reservation field in SCI format 1 is used not only by mode-4 UEs (as in Rel-14), but also by mode-3 UEs when transmitting following the SL SPS configuration. 
We note that the above Proposal 1 does not seem to have any specific layer-2 impact, i.e. from RRC/MAC perspective legacy Rel.14 SL SPS procedures can be reused. Specifications changes are instead expected in layer-1 since the legacy resource reservation field in the SCI will be used not only by mode-4 UEs but also by mode-3 UEs configured with SPS.
Observation 4 The usage of the legacy resource reservation field in the SCI, by mode-3 UEs configured with SPS, does not have impact in RAN2 specifications. 

2.1 Configuration of shared resource pool
Another issue discussed in the email discussion [5] is whether any changes to the current pool configuration is needed. In particular, RAN2 should discuss if there is the need for the eNB to explicitly signal that a certain pool is shared between mode-3 and mode-4 UEs, and, if needed, which parts, e.g. subchannels, are really shared.

To address the above question, it has to be discussed what is the specific action, if any, that a mode-3 and/or mode-4 UE would do with such information. 

For example, if Proposal 1 above is agreed, the resource reservation field in the SCI will be used by mode-3 UEs as well. However, there is no need neither for mode-3 UE, nor for mode-4 UEs to explicitly know if a pool is shared or not: mode-3 UEs will simply use the field when transmitting following the SL SPS configuration, and leave it empty otherwise; mode-4 UEs will simply read the SCI as usual, and they do not need to know in advance that they are transmitting on a shared pool.

Observation 5 Benefit of signalling the shared pool configuration is not clear. The actions that a mode-3/4 UE should perform, i.e. transmitting the SCI with resource reservation field (for mode-3 UEs) and performing sensing and SCI decoding (for mode-4 UEs) should be the same, irrespective of whether the shared resource pool is explicitly signalled or not.
Since we believe that Proposal 1 is good enough to guarantee good performances with shared pools, we think that no specific pool configuration signalling enhancement is needed.
Proposal 2 Explicit signalling of the shared pool configuration, e.g. which part of a pool is shared, is not needed.
As a consequence, both the mode-3 and mode-4 pool configuration can be the same as in legacy operations, which also already allows the eNB to control which portion (if any) of the sidelink resources shall be shared or not.
Proposal 3 Legacy mode-3/4 pool configuration can be reused, since already allows the eNB to control which portion (if any) of the sidelink resources shall be shared or not.
2.2 Measurement enhancements

In RAN2#99 in some contributions (e.g. [2]

 REF _Ref498640519 \r \h 
[3]

 REF _Ref498640521 \r \h 
[4]), it was proposed that in Rel-15 mode-3 UEs could be enhanced to perform sensing, and configure both mode-4 UEs and mode-3 UEs to report to the eNB the resource occupation status (e.g. CBR) of the shared resource pool. That would assist the eNB to allocate resources for mode 3 UEs properly. However, several drawbacks may arise with this approach:

· Latency has to be considered. There is an inherent latency in the sensing procedure and RRC message signalling, due to processing time and scheduling. By the time the eNB receives and processes the measurement report and schedules new resources for a mode-3 UEs, several collisions might have already occurred. 

· In Rel-14, CBR measurements were used by the eNB to adjust on a slow time scale the transmission parameter configuration. Now, if CBR measurements or any other similar report are used to promptly avoid collisions, those might need to be triggered much more often, implying signalling overhead and higher UE battery consumption. 
· Today CBR monitoring is per pool, while with this approach, the UE would need to report CBR also for the shared part of the pool to provide more accurate results. This increase UE complexity and overhead.
Given the above, we believe that is much simpler if the collision avoidance is handled in much fast and efficient way. In our understanding Proposal 1 achieves this objective, since even if some collisions may occur, mode-4 UEs will be anyhow able to recognize the presence of mode-3 UEs. The eNB can in any case understand the pool interference/congestion status from the CBR report, and properly dimension the pool if the interference is too high.
Observation 6 Introducing a new mode-3 measurement report scheme to avoid collision just increase the overhead with no clear benefits, since the SCI resource reservation field proposed in Proposal 1 already allows to avoid persisting collisions between mode-3 and mode-4 UEs. 

Proposal 4 No enhancement to sensing and measurement reporting is needed to achieve robust coexistence between mode-4 UEs and mode-3 UEs in the same pool. 
3 Conclusions

In section 2 we made the following observations:
Observation 1
A mode-3/mode-4 shared resource pool allows more efficient use of system resources.
Observation 2
Shared resource pool may lead to collision between mode 3 UEs and mode 4 UEs.
Observation 3
Rel. 14 V2X does not include any optimized mechanism to handle coexistence between mode 3 and mode 4 in the same pool.
Observation 4
The usage of the legacy resource reservation field in the SCI, by mode-3 UEs configured with SPS, does not have impact in RAN2 specifications.
Observation 5
Benefit of signalling the shared pool configuration is not clear. The actions that a mode-3/4 UE should perform, i.e. transmitting the SCI with resource reservation field (for mode-3 UEs) and performing sensing and SCI decoding (for mode-4 UEs) should be the same, irrespective of whether the shared resource pool is explicitly signalled or not.
Observation 6
Introducing a new mode-3 measurement report scheme to avoid collision just increase the overhead with no clear benefits, since the SCI resource reservation field proposed in Proposal 1 already allows to avoid persisting collisions between mode-3 and mode-4 UEs.

Based on the discussion in section 2 we propose the following: 
Proposal 1
Resource reservation field in SCI format 1 is used not only by mode-4 UEs (as in Rel-14), but also by mode-3 UEs when transmitting following the SL SPS configuration.
Proposal 2
Explicit signalling of the shared pool configuration, e.g. which part of a pool is shared, is not needed.
Proposal 3
Legacy mode-3/4 pool configuration can be reused, since already allows the eNB to control which portion (if any) of the sidelink resources shall be shared or not.
Proposal 4
No enhancement to sensing and measurement reporting is needed to achieve robust coexistence between mode-4 UEs and mode-3 UEs in the same pool.
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