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Introduction
RAN#70 approved the WI on support for V2V services based on LTE sidelink in [1]. In this document, we discuss the following objective of the WID and other aspects related to PC5 based V2V.

	5) To specify a mechanism to enable E-UTRAN to select between PC5 and Uu for transport of V2V messages within network coverage, if necessary, in coordination with other working groups [RAN2]
Note that this mechanism should be applicable to potential enhancement to Uu for V2V services, e.g., the outcome of the Uu-based V2V part in TR 36.885. Note that Uu performance enhancentment for V2V is not the scope of this WI.


Use cases for path switching
3GPP aims to support both PC5 transport and Uu transport of V2X service. This intention leads to introduction of path switching between PC5 and Uu for V2V service under this WI. In this section, we discuss which use case should be considered in this WI. It is worth noting that path switching should be considered in the area where both PC5 and Uu are used for V2V. Furthermore, path switching mechanism intends to switch transmission path because it seems likely that vehicles need to monitor both PC5 and Uu in the area where PC5 and Uu are used for V2V.
1) Use case 1: Insufficient PC5/Uu capacity
As identified from the evaluation in TR 36.885 [2], capacity of Uu or PC5 may not be sufficient particularly in urban cases e.g. during rush hours in metropolitan cities. Considering such insufficient capacity, eNB could trigger path switching so that eNB offloads V2X messages from one path to the other path. For instance, if UL or DL capacity is not sufficient for V2V, eNB may offload V2X messages to PC5. If congestion frequently occurs on PC5, eNB may offload V2X message to Uu. In this use case, path switching needs to be controlled for each cell.
Since path switching will be used in the case where both PC5 and Uu are used for V2V, it seems likely to support per cell path switching in this use case. And, eNB should be able to offload a portion of UEs transmitting V2X messages from one path to the other path for a cell. 
Observation 1: eNB should be able to offload a portion of UEs transmitting V2X messages from one path to the other path for a cell.
2) Use case 2: Co-existence with DRSC
In RAN#71, coexistence between PC5 transport for V2V services and DSRC/IEEE 802.11p services in the same channel was identified as an issue to be solved under this V2X SI. Even though this issue will be discussed under SI, path switching can be one solution for coexistence. For instance, when UE detects coexistence situation or when the network knows potential coexistence with DSRC in a certain area, Uu transport can be selected for V2V based on eNB decision.
Observation 2: UE should be able to switch to Uu transport when LTE PC5 V2V co-exists with DRSC.
3) Use case 3: Connection failure or OOC

When UE moves to OOC or IDLE, UL transmissions are not possible. In addition, when UE detects RLF or HOF, UE transmissions are not possible, either. Thus, it seems likely that UE needs to switch to PC5 in those cases.

Meanwhile, in this use case, UE would be able to autonomously select or reselect one of PC5 and Uu transport for V2V transmissions e.g. based on criteria provided by eNB. Thus, it seems unclear whether this use case is in the scope of WID. However, this use case would be useful for abnormal situation handling.
Observation 3: UE should be able to switch to PC5 transport when UE cannot use Uu transport for V2V e.g. while in OOC, IDLE, HOF or RLF.
It should be discussed how frequently path selection occurs. We think that path selection will not occur frequently in all use cases. However, vehicles moving on highway will change a cell frequently e.g. every a few seconds and so path switching might occur whenever cell changes in case contiguous cells selected different paths. 
Observation 4: UE may perform path switching every a few seconds.
When the selected path is determined, UE may not need to quickly switch to the selected path in the first use case and the second use case assuming that UE would be still able to transmit V2X message on the old path. However, in the third use case, UE would need to quickly switch to the new path i.e. PC5 to avoid message loss because UE cannot transmit in UL while in OOC, IDLE, HOF or RLF.
Observation 5: Upon selecting the new path, UE should quickly switch to the selected path to avoid message loss particularly in the third use case.
Protocol impacts of path selection
It seems clear from the objective of WID that E-UTRAN selects the path between PC5 and Uu for transport of V2V messages within network coverage. The first and the second use case can be supported by E-UTRAN’s path selection. In the meantime, UE would need to autonomously select the path to support the third use case above and possibly the second use case. Thus, it is proposed that the path can be selected by either eNB or UE while path switching based on the path selection is performed by UE.
Proposal 1: The path can be selected by either eNB or UE transmitting V2X message. If UE selects the path, the path selection should be based on the criterion provided by the network.
When eNB selects the path, eNB may use its own information. For instance, eNB would know Uu resource deficiency and potentially PC5 resource deficiency when sidelink transmissions are scheduled by eNB. 
However, it seems beneficial that UE reports some information to eNB for the path selection. For instance, UE could report coexistence with DRSC or congestion problem in sidelink when sidelink transmissions are based on mode 2 operation. Such UE reporting might be essential for V2X service because of criticality of V2X service considering that congestion problem will lead to a number of lost V2X messages. In addition, RAN1 agreed that UE should periodically report geo-information (e.g. vehicle location) to eNB for PC5 V2V. Thus, this UE reporting can carry additional information for path selection.
It is worth noting that RAN1 agreed that sensing with semi-persistent transmission is supported for UE autonomous resource selection in PC5 V2V. Thus, vehicles will be capable of reporting information on PC5 resource status to eNB by using sensing. At least the report from UE can include information on PC5 resource status measured by UE. In addition, if UE can detect co-existence, co-existence with DRSC could be also included in the report from UE because eNB may not know co-existence with DRSC in some areas e.g. near country boundaries. When UE reporting is supported, it seems natural that eNB should be able to configure this reporting.
Proposal 2: eNB should be able to configure V2X related reporting from UE at least for path selection. 
Proposal 3: The report from UE includes at least PC5 resource status measured. It should be further discussed which information UE can additionally report

Proposal 4: It should be further discussed how UE sends V2X related reporting to eNB for path selection.
When the path is selected by the eNB, the eNB needs to indicate the selected path to one or more UEs. This indication could be done by system information and UE dedicated signaling. Considering the use cases above, the indication on system information would need to directly indicate the selected path for all vehicles in a cell or indicate a portion of vehicles for each path e.g. probability, access classes stored in vehicles’ USIMs (if available).
Proposal 5: For path selection per cell, eNB indicates the selected path for all vehicles at a cell or a portion of vehicles for each path by using system information.
Proposal 6: For path selection per UE at a cell, eNB indicates the selected path to a UE by using UE dedicated signaling.
Protocol impacts of path switching
Following the path selection above, UE performs path switching to the selected path for V2X transmissions i.e. either SL or UL. The figure 1 shows path switching model inside UE. We think that path switching should be performed right above PDCP layer because security functionality is different between SL and UL.
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Figure 1: Path switching model in the UE side
Proposal 7: The path switching should be performed right above PDCP layer in UE
When UE performs the path switching, UE should release old L2 entities for the old path and establish new L2 entities for the new path. In this case, messages in L2 buffer of the old path is discarded and so these messages will be lost inside UE. Such message loss would be critical if event-triggered message is generated and stored in the old L2 buffer. Thus, path switching function should provide a transmission buffer to store a V2X message which is not transmitted yet. When UE switches path switching, this function serves as anchor and re-submit the stored message that is not transmitted yet on the old path to a new PDCP entity for the new path. The message in the transmission buffer of the path switching function needs to be discarded when latency requirement cannot be met.
Proposal 8: The path switching function above PDCP stores a V2X message in a transmission buffer to re-submit the stored message that is not transmitted yet on the old path to the lower layers of the new path while path switching.
Channel aspects for PC5 V2V
V2V service is using broadcast communication and not designated to a particular vehicle or a particular group of vehicles. Thus, destination/group does not need to be designated and so Group ID seems not needed. In fact, receiving L2 entity does not need to filter out some V2X messages. The receiving L2 entity needs to deliver all received V2X messages to ITS application layer. LTE protocols should allow the ITS application to look into all received V2X messages.
Observation 6: The concept of Group ID is not needed for PC5 V2V from RAN2 perspective because filtering out some V2X message is not needed. A receiving L2 entity should deliver all received V2X messages to an upper layer up to ITS application layer.
For ProSe communication, RAN2 defined Sidelink Traffic Channel to carry user information over SL. RLC UM is used for sidelink communication. A receiving UE needs to maintain at least one RLC UM entity per transmitting peer UE.

RLC UM is used to perform segmentation of RLC SDU. One RLC SDU i.e. a single V2X message is segmented into multiple RLC PDUs and then different RLC PDUs are transmitted in different PSSCH transmissions. For V2V service, message size can vary. But, we wonder if segmentation is really essential in sidelink V2V. Segmentation means that a single V2X message will be transmitted via multiple occurrences of PSSCH transmissions. Thus, segmentation in SL will reduce reception probability while increasing latency for this single message.
Observation 7: Segmentation in RLC UM will reduce reception probability while increasing latency for a single V2X message.

For STCH, one Source Layer-2 ID and ProSe Layer-2 Group ID combination is used to identify a STCH together with LCID. LCID included within the MAC subheader uniquely identifies a STCH within the scope of one Source Layer-2 ID and ProSe Layer-2 Group ID combination. Such identification seems unnecessary for V2X. At least, the Group ID is not used for V2X logical channels.
Proposal 9: The Group ID is not used for V2X logical channels.
From L2 perspective, source ID may be needed when a receiving RLC entity assembles segments of a single V2X message. However, if segmentation is not needed for V2X i.e. RLC TM is used, source ID is not needed from L2 perspective. Furthermore, receiving L2 entities of vehicles do not need to identify different source vehicles. It is the ITS application layer that will identify different source vehicles. Thus, a receiving L2 entity could process multiple received PDUs from all source vehicles, as a receiving L2 entity is doing for MBMS reception across different cells.
Proposal 10: Need for source ID needs to be further discussed. 

Proposal 11: It needs to be discussed whether a receiving RLC/PDCP entity should be configured per source UE or configured for all source UEs, like MBMS reception across different cells.

The V2X logical channel should be identified at least by LCID. We would need to support different priorities such as PPPP in transmissions from a single source vehicle. Considering that a PPPP is associated with a logical channel, a V2X logical channel should be identified at least by LCID for the same source. It is FFS whether source ID is also needed to identify the V2X logical channel

Proposal 12: The V2X logical channel is identified at least by LCID. It is FFS whether source ID is also needed to identify the V2X logical channel.
Considering the observation and the proposals above, we would prefer to define a new sidelink logical channel for V2X mapped to the existing transport channel SL-SCH. 
Proposal 13: Whether or not to define a new SL logical channel or reuse the existing STCH needs to be discussed.
Conclusion

In conclusion, we propose the 
Observation 1: eNB should be able to offload a portion of UEs transmitting V2X messages from one path to the other path for a cell.

Observation 2: UE should be able to switch to Uu transport when LTE PC5 V2V co-exists with DRSC.
Observation 3: UE should be able to switch to PC5 transport when UE cannot use Uu transport for V2V e.g. while in OOC, IDLE, HOF or RLF.
Observation 4: UE may perform path switching every a few seconds.

Observation 5: Upon selecting the new path, UE should quickly switch to the selected path to avoid message loss particularly in the third use case.

Proposal 1: The path can be selected by either eNB or UE transmitting V2X message. If UE selects the path, the path selection should be based on the criterion provided by the network.
Proposal 2: eNB should be able to configure V2X related reporting from UE at least for path selection. 

Proposal 3: The report from UE includes at least PC5 resource status measured. It should be further discussed which information UE can additionally report

Proposal 4: It should be further discussed how UE sends V2X related reporting to eNB for path selection.

Proposal 5: For path selection per cell, eNB indicates the selected path for all vehicles at a cell or a portion of vehicles for each path by using system information.
Proposal 6: For path selection per UE at a cell, eNB indicates the selected path to a UE by using UE dedicated signaling.
Proposal 7: The path switching should be performed right above PDCP layer in UE

Proposal 8: The path switching function above PDCP stores a V2X message in a transmission buffer to re-submit the stored message that is not transmitted yet on the old path to the lower layers of the new path while path switching.

Observation 6: The concept of Group ID is not needed for PC5 V2V from RAN2 perspective because filtering out some V2X message is not needed. A receiving L2 entity should deliver all received V2X messages to an upper layer up to ITS application layer.
Observation 7: Segmentation in RLC UM will reduce reception probability while increasing latency for a single V2X message.

Proposal 9: The Group ID is not used for V2X logical channels.
Proposal 10: Need for source ID needs to be further discussed. 

Proposal 11: It needs to be discussed whether a receiving RLC/PDCP entity should be configured per source UE or configured for all source UEs, like MBMS reception across different cells.

Proposal 12: The V2X logical channel is identified at least by LCID. It is FFS whether source ID is also needed to identify the V2X logical channel.

Proposal 13: Whether or not to define a new SL logical channel or reuse the existing STCH needs to be discussed.
Reference
[1] RP-160649,
Agreed revision of WID: Support for V2V services based on LTE sidelink,

LG Electronics Inc.
[2] 3GPP TR 36.885 v1.0.0: Study on LTE-based V2X Services
Page 5

_1521041834.vsd
PDCP


RLC


MAC


L1


UL


SL


PDCP


RLC


MAC


L1


IP protocols


Path Switching


ITS application
e.g. WAVE



