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1
Introduction
Scenarios and simulation assumptions related to eNB- and UE-type of RSUs have been agreed in the last meeting and in the email discussion after the meeting. In this contribution we discuss further details of the UE- and eNB-type RSU operation.
2
UE-type RSU
The current V2V TR 36.885 v0.4 [1] includes the V2V scenarios that were agreed in RAN2. The scenario 3 describes the situation where UE-type RSU is used in the V2V transmission. Two cases are presented in the TR: in scenario 3A UE-type RSU receives signals from vehicle UE and forwards it to EUTRAN and the EUTRAN (eNB) transmits the signal to other vehicle UEs. This is depicted in the figure 1 below. Another scenario as depicted in figure 2 below describes the scenario 3B. In this case UE-type RSU is forwarding the packets that it has received from the EUTRAN to V2V UEs via sidelink. It should be noted that EUTRAN is always involved in scenario 3 and the case where UE-type RSU acts as a relay between two vehicle UEs is not considered.
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Figure 1: Scenario 3A.
According to the TR [1] operation aspects of the scenario 3 are in practise the same as in scenarios 1 and 2. Especially the following aspects need to be taken into account in RAN1.
· In the PC5 interface vehicle UE may autonomously select the resources for transmission from the (semi-)statically configured resource pool or the usage of the resources may be more dynamically controlled by eNB

· Single carrier communication may be used in PC5 and the carrier maybe the same that is used in Uu interface

· Both single network operator and multiple network operator cases are supported. In the multiple operator case when PC5 carrier and Uu carrier belong to different operators, it is assumed that DL and UL of the Uu are allocated to the same operator. It is FFS whether DL and UL could belong to different operators.
In the scenario 3A as depicted in the figure1 above the case when SL and UL (or PC5 and Uu) are in the same carrier should be supported. This means that some kind of resource partitioning or resource pool allocation between PC5 and Uu is needed, as since Rel-12 it is assumed that SL reception and UL transmission in the same carrier are time multiplexed in the same carrier. 

Important deployment scenario for RSUs is the intersection case. In this scenario many vehicle UEs are close to each other and they should be able to send packets to each other but only NLOS channel is available with potentially large pathloss. In this case quite many vehicle UEs would find it beneficial to be able to communicate via RSU (and eNB, as assumed in scenarios 3A and 3B). There may often be possibilities to select location of the UE-type RSU so that channel conditions are better than in PC5 V2V communication (e.g. less shadowing). Traffic load could then be high at the RSU. We assume that processing capabilities of the UE-type RSU are at the same level as capability of vehicle UEs. If traffic load and processing capabilities become a bottleneck at the UE-type RSU then it is better to use eNB-type RSU instead. 
Transmission of packets via UE-type RSU means that same data have to be transmitted three times over the air interface and then efficient resource allocation between PC5 and Uu in the single carrier operation need to be considered. For example, location-based resource allocation could be considered in this case so that vehicle UEs close to RSU could use the PC5 interface to send packets to RSU. Resources used by vehicle UEs further from RSU could then be reused in the Uu interface between RSU and EUTRAN. In this case the location based resource pool allocation should be done with respect to RSU location, and network should do the configuration.
Proposal 1: In scenario 3A TDM-based resource allocation between PC5 and Uu interfaces need to be supported. Reception capabilities of the UE-type RSU are the same as vehicle UEs. 
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Figure 2: Scenario 3B.
In the scenario 3B as depicted above in figure 2, UE-type RSU receives V2V packets from EUTRAN and forwards them via PC5 interface to vehicle UEs. In this scenario, uplink of the Uu interface and PC5 interface (SL) can be in the same carrier frequency. If TDD is used for Uu interface then also DL of the Uu interface is in the same carrier. Also in this scenario time-domain multiplexing between PC5 and UL of Uu (and DL of Uu in case of TDD) need to be used if transmissions are in the same carrier. Efficiency in the resource pool allocation between Uu and PC5 is important also here and the same methods used in scenario 3A can be considered also here.

In many cases the packets from UE-type RSU to vehicle UEs may need to contain messages from multiple vehicle UEs. This means that resource block allocation and/or MCS used in these transmissions have to be different from that used for other V2V transmissions, and potentially also different than that used for I2V transmissions originated from the UE-type RSU itself. Hence, coverage of transmissions including messages for multiple vehicle UEs may be smaller than in other V2V transmissions. Higher transmission power could be allowed to compensate lower coverage. UE-type RSU is not hand-held device and according to the agreed simulations assumptions it is located at the height of 5 meters.
Proposal 2: Resource pool allocation between PC5 and Uu interface for scenario 3B can follow similar principles as for scenario 3A. Higher transmission power could be considered for UE-type RSU.
Regarding the FFS point in the TR related to possibility of having DL and UL carriers in the Uu allocated to different operators, we think that, for example, implementation of DL related UL control signalling would be challenging in this case. Therefore we propose that this issue is not considered in Rel-14. 

Proposal 3: Optimizations to support operation where UL carrier and DL carrier are allocated to different operators are not considered in Rel-14. 
3
eNB-type  RSU
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Figure 3: eNB type RSU.
Operation of eNB-type RSU is realized at higher layers and at the physical layer the communications take place via the Uu interface as shown in the figure 3 above. The carrier that is used for UL transmission in the Uu interface can also be used for PC5 V2V transmissions. Resource pool allocation between PC5 and Uu can be controlled directly by eNB in this case. In the case that same carrier frequency is used in both PC5 and Uu interfaces it is important that the same synchronization source is used in all of the transmissions in the vicinity of the eNB-type RSU. Synchronization aspects are discussed in a separate contribution [2].
4
Conclusions
In this contribution we have discussed RSU operation in V2I/N and Uu-based V2V transmissions. We have the following proposals:

Proposal 1: In scenario 3A TDM-based resource allocation between PC5 and Uu interfaces need to be supported. Reception capabilities of the UE-type RSU are the same as vehicle UEs. 

Proposal 2: Resource pool allocation between PC5 and Uu interface for scenario 3B can follow similar principles as for scenario 3A. Higher transmission power could be considered for UE-type RSU.

Proposal 3: Optimizations to support operation where UL carrier and DL carrier are allocated to different operators are not considered in Rel-14. 
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