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1 Introduction
This document is a summary of the email discussion [93bis#24][LTEV2V] Tx PC5 and Uu path switch for V2V.
[93bis#24][LTE/V2V] Tx PC5 and Uu path switch for V2V – Huawei 

-
Identify need/use cases and whether there is something that has to be done

-
Identify key aspects to address and gather companies views/solutions on these aspects and main benefits of the solutions.  Solutions should be limited to the ones proposed in papers in this meeting.  

-
Intended outcome: Capture conclusions/proposal for RAN2#94 

-
Deadline: 6th of May for company inputs and May 9 circulate conclusions of the email discussion (note, dates different from section heading)

2 Background
This work is triggered by the objective in the V2V WI. 
	3) 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 enhancement for V2V is not the scope of this WI.


Therefore, the proposed schemes in this email discussion should enable E-UTRAN to select the transmission path(s) between PC5 and Uu.

On the other hand, the path selection/switch may more or less be related to PC5/Uu protocol stack. The protocol stack for V2X was discussed in SA2, and the following protocol stack for PC5 interface has been agreed in TR 23.785. 
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Figure 1: User Plane for PC5 interface supporting V2X

For PC5 interface, both IP based (IPv6 only) and non-IP based transmission should be supported for V2X in this release.

SA2 further reached an agreement that “V2X-non-IP” is only supported over PC5 link in this release, which means that only IP based protocol stack is considered for Uu based V2X transport in Rel-14, as shown in Fig.2.
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Figure 2: User plane for Uu interface supporting V2X
Observation 1: As agreed in SA2, both IP based and non-IP based V2X transmission should be supported for PC5 interface; and only IP based V2X transmission is based for Uu interface.
3 Discussion
3.1 Options for V2V path(s) selected by E-UTRAN
The E-UTRAN may configure one of the following options for path selection:
	Options
	Description

	A) Uu only
	Some eNBs may not support the functionality of PC5 and thus can only support V2V over Uu. Besides, some operators may wish to use Uu for V2V transport to invoke a particular charging policy. For such cases, E-UTRAN may configure to support only Uu for V2V transport via the SIB or dedicated signaling.

	B) PC5 only
	Some operators may want to leave V2V transport to PC5 instead of supporting it over Uu, since the high volume of V2V traffic may occupy too many resources over Uu and thus lead to negative impacts to existing cellular services, e.g. congestion. As a result, for the operators whose E-UTRAN is able to support PC5, they may configure V2V to be performed over PC5 only, especially for the case that a dedicated V2X carrier is available for PC5.

	C) Both PC5 and Uu
	In case the E-UTRAN is equipped with PC5 functionality, and/or the dedicated V2X carrier(s) is available for PC5, it is possible that the operator configures both PC5 and Uu as available paths for V2V transport, e.g. since only one path may not be able to meet the requirement of V2V traffic in terms of capacity. We can further discuss below (in section 3.5) how the UE selects the path(s) for a particular V2V message.

NOTE: RAN2 agreed that transmission to both PC5 and Uu of the same message is excluded.


Question #1: Whether the options provided above are acceptable?
	Question #1: Whether the options provided above are acceptable?

	Company name
	Comments

	LG Electronics Inc.

	All of the options above should be considered. E-UTRAN may configure one of the three options ‘per cell’ or one of the first two options ‘per UE’.

Regarding option C, we think that E-UTRAN will configure both Uu and PC5 per cell, so that some UEs use Uu while other UEs use PC5 at the same cell. However, a single UE is not configured for both Uu and PC5 at the same time because transmission to both PC5 and Uu of the same message is excluded.

	Panasonic

	Yes 

	Potevio

	All the three above options are acceptable. E-UTRAN may configure one of the three options per cell by SIB, however, if the E-UTRAN configures a specific UE by RRC dedicated signalling, this E-UTRAN specific configuration takes precedence. For option C, the UE shall be only allowed to use PC5 in case Uu occurs RLF or the UE moves out of coverage of the E-UTRAN. 

	ZTE
	Yes

	Huawei, HiSilicon

	All the options should be considered.

	Ericsson

	All the three options should be supported to meet different load situations as well as operator needs.

	Qualcomm

	Since we are discussing only about V2V so options A and B are sufficient as we are not sure if there is enough justification for C. It seems like artificial requirement, which will require unnecessary mechanism.

	Intel

	Acceptable. 

	Nokia

	Yes, all options are acceptable.

	OPPO

	We support to consider all options, since it is also possible for eNB or Vehicle UE to select the paths based on the requirements of different messages. However, as indicated by the NOTE, the duplication of message transmission should be avoided. Furthermore, we would like to clarify here whether PC5 Mode-1 and PC5 Mode-2 need to be separated from each other?

	CATT

	Yes, all options are acceptable.
For option 3, another case is there is the dedicated PC5 V2X carrier (carrier A) without eNB, and eNB supports Uu V2V on the other carrier (carrier B). We think this case should also be considered.

	ITRI
	All options should be considered.

	Samsung
	All options are acceptable. However, we think that  Uu only operation may have some problems. Many emergency messages such as pre-crash warning need to be sent to other UEs with < 20 ms latency. Not clear if Uu will support such feature. PC5 only is ok, esp. when there is dedicated spectrum (e.g. 5.9 GHz) possibilities. Mixed PC5 and Uu is also ok when available.

	MediaTek
(Late comment, not considered in the summary)
	All 3 options should be considered based on operator’s network and automotive scenarios.


Summary:

Totally 13 companies provided their views. There are 12 companies who agree on all the three options, and 1 company thinks that the justification of option C is not clear. 

Recommendation:

Proposal 1: E-UTRAN can configure one of the following 3 options: 1) Uu only, 2) PC5 only and 3) both Uu and PC5.

3.2 Use cases for path selection/switch by E-UTRAN
NOTE: In this section, we only discuss the use cases E-UTRAN needs to consider for path selection/switch.

The following use cases can be considered by E-UTRAN to select the transmission path for V2V:
	Use Cases
	Description

	A) PC5 or Uu load
	In case both PC5 and Uu are supported by the E-UTRAN, the eNB may select the transmission path according to the load condition in PC5/Uu interface. For example, when PC5 is congested, the eNB may switch some V2V traffic to Uu interface. Or, when UL or DL capacity is not sufficient for V2V, eNB may offload V2X messages to PC5.

	B) Co-existence with DRSC
	Path switching could be used in case of co-existence with DSRC. For instance, when the network knows potential coexistence with DSRC in a certain area, Uu transport can be selected for V2V based on eNB decision.

Note that 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. 

	C) V2V traffic types
	Different V2V traffic types (e.g. CAM, DENM) can be configured by E-UTRAN on different paths. 
It is FFS how to define traffic types. Different traffic types may have different QoS requirements (e.g., reliability). SA2 has been discussing how to define new QCIs for different V2X traffic types in Uu, which can be used as baseline for definition of traffic types.

For example, the eNB may configure CAM which requires relatively low reliability requirement to be transmitted over PC5, and at the same time configures DENM which requires high reliability to be delivered over Uu.

	Companies can further provide other cases if any;
	


Question #2: which case(s) can be considered by E-UTRAN for path selection/switch?

	Question #2: which case(s) can be considered by E-UTRAN for path selection/switch?

	Company name
	Use Case(s)
	Comments

	LG Electronics Inc.

	A, B and (C)
	We think that Case A is important considering our capacity analysis in which Uu/PC5 capacity may be insufficient e.g. in Urban case with 15km. Case B can be considered when DRSC co-exists with LTE V2V. 
Regarding C, Case C seems not essential but could be considered if companies are interested in this case. If Case C is accepted, we also need to consider that DENM is delivered only over PC5 while CAM messages are distributed over Uu and PC5. That is, any path can deliver DENM under network control.

	Panasonic

	Only A
	B) Network can’t assume DSRC support from all UEs (in Idle and Connected RRC State) which means that 3gpp solution must work independently of DSRC deployment. 

Further, we assume that a co-existence between PC5-transport for V2V services does not mean ‘mobility’ between these systems – to us this is about letting other system sustain itself.

C) Selecting different path/ link is more of a Dual Connectivity like network option – this is not “Path Switch” which is applicable to the whole UE as such. However, option C) can apply on a Bearer level (in which case we should be careful in referring this as “Path Switch”) if companies think that network has some incentive (like load Balancing) in changing the link for say DENM message?

	Potevio

	A,C
	If the coexistence of DRSC and PC5 based V2V, UE have to switch path from PC5 to Uu, in case non-IP V2V message which can only be transmitted through PC5, in that sense this conflicts with SA2’s agreement. 

	ZTE

	A+C
	B) We think that in 3GPP we only need to consider the path switch to Uu and PC5. The UE does not need to care about the existence of DSRC. The potential interference from DSRC could be solved by proper network planning and configuration. The potential path switch to DSRC is out of 3GPP scope.

	Huawei, HiSilicon

	A and C
	For B), In case one channel is shared by DSRC and LTE-V, not clear why LTE-V should necessarily be switched to Uu. Does it mean DSRC should have higher priority on the shared channel? In our understanding, co-existing mechanisms between DSRC and LTE-V may need to be studied in this case.

For C), regarding Panasonic’s comments, traffic types can be considered by E-UTRAN for path selection at the initial stage. E-UTRAN could change the selected path considering PC5/Uu load, but it is what A) concerns.   

	Ericsson

	C (A)
	For some specific use cases, the network/application layer may privilege a certain path depending on traffic type (e.g. DENM or CAM) as well as the expected load in the PC5/Uu in some specific areas. 

Regarding support to option A), we only tentatively support it, since it very much depends on what kind of information the E-UTRAN needs in order to become aware of the PC5 load. If it is about a feedback from UE (e.g. option A in question 3) below), there might be no time in the WI to specify this, both in RAN1 and RAN2. 

Option B) seems to be just a subcase of option A), i.e. some congestion/interference issues are identified over PC5 carrier.

	Qualcomm
	
	As indicated for Question #1 that we are not sure if there is any real use case of simultaneous use of Uu and PC5 in one carrier frequency so we don’t think there is any need for dynamic path selection. It is up to eNB implementation to configure any one of the path.

	Intel

	C
	For V2V, we see C) may be needed since some traffic may target to the vehicles directly in the proximity and some may target to V2V/ITS application server. For other cases, we don’t see real need or we may need further discussion on clarification/motivation.

	Nokia

	A and C
	Load conditions seem to be the most straightforward use case for path switch/selection. In addition, if traffic types can be defined and distinguished in a credible and effective manner then they can also be regarded as a criteria for path switch/selection.

	OPPO

	A+C
	Option A needs to be considered in path switch since it seems this is the initial intention. With regard to Option C, since different messages for various use cases will be supported, it’s possible to select different path based on the service related requirements.

	CATT
	
	We don’t think there is any real use case  for dynamic path selection/switch.

	Samsung
	A, B, and C
	Case A, B and C use cases seem acceptable.

	MediaTek
(Late comment, not considered in the summary)
	A and C
	eNB can select Uu/PC as in Question #1 .  V2V configuration based on traffic type can be considered.


Summary:

Totally 13 companies provided their views. There are 9 companies who support use case A, 2 companies support use case B, and 9 company support use case C. 

Recommendation:

Proposal 2: E-UTRAN considers PC5/Uu load and V2V traffic types for path selection/switch.

3.3 PC5 Load Awareness by E-UTRAN
In case E-UTRAN selects the transmission path(s) based on the PC5/Uu load, the eNB needs to be aware of the PC5/Uu load condition. The eNB can already be aware of the load in Uu interface because of its responsibility for DL/UL scheduling. For PC5, especially if UE autonomous resource selection is configured, the eNB may not be able to be aware of the load condition in PC5 interface.
There are following options for E-UTRAN to be aware of the PC5 load condition:
	Options
	Description

	A) UE performs PC5 measurement and reports PC5 load condition to the eNB
	RAN1 agreed on sensing mechanism for UE autonomous resource selection. The measurement report could be created based on the sensing results, and details can be FFS and up to RAN1 inputs.

	B) Up to eNB implementation
	The eNB may somehow overhear the PC5 resources and try to be aware of PC5 load status.
Note that RAN2 previously discussed the case where eNB overhears PC5. But, it is concluded that the study does not consider the case.

	C) Handling the PC5 load is up to the application layer, possibly aided by radio-level measurements
	The eNB does not need to receive any direct feedback from the UE about the PC5 load. It is up to the application layer to configure the generation of packets on PC5 depending on measurements from the radio layers and/or UE APP configuration by the V2X server.

	D) Companies can provide other options if any.
	


Question #3: which option(s) should be selected for E-UTRAN to be aware of PC5 load status?

	Question #3: which option(s) should be selected for E-UTRAN to be aware of PC5 load status?

	Company name
	Option(s)
	Comments

	LG Electronics Inc.

	Option A.
	Since sensing mechanism is agreed in RAN1, UE performing PC5 V2V would be able to collect PC5 measurements based on sensing. Thus, we think that Option A should be supported to help eNB determine which path should be selected per cell or per UE.

Concerning Option B, RAN2 previously discussed the case where eNB overhears PC5. Then, it is concluded that the study does not consider the case. Thus, RAN2 should not design V2V based on the assumption that eNB may overhear PC5.

	Panasonic

	B
	There should already be some mechanism available to Rel. 12, 13 networks to access if the resources partitioned for PC5 are sufficient/ too much/ less. We don’t see any necessity to enhance this for Rel. 14 network – it’s network implementation.

	Potevio 

	A
	Since RAN2 concluded that the study does not consider the case, then option A is the only option.

eNB may configure a UE to perform PC5 measurement and reporting the measurement result to the eNB. 

	ZTE

	A
	It is beneficial for the RRC_CONNECTED UE to report the PC5 load status to eNB. The PC5 load report may guide the path switch decision of eNB. 

	Huawei, HiSilicon

	Option B is acceptable considering limited time for V2V WI
	The eNB may not necessarily decode the data transmitted on PC5, but could somehow sense the energy on the sidelink resources. One can say that the load/energy the eNB hears may not exactly be the load/energy the UE detects. We understand the UE reporting may be beneficial, but it is more like an enhancement but not essential for E-UTRAN to do PC5/Uu switch. Considering efforts needed for this reporting mechanism (e.g., RAN1 may need to discuss how to do measurement) and limited time for V2V WI, we can accept option B for the time being. Option A can be a future enhancement, e.g., in V2X WI if necessary.

	Ericsson

	C
	Most effective congestion control is performed by configuring the packet generation in the UE APP based on load measurements at radio layer accordingly. We note that this is the principle of distributed congestion control (DCC) in DSRC, and LTE needs to implement a similar solution in order to be compatible with the ETSI harmonized standard.

Therefore, due to lack of time in the WI to define proper metrics/mechanisms to measure/report such load (as Huawei hinted), we believe that it can be the V2X server to configure the UE V2X APP based on APP-level signalling to perform congestion/load control properly. This does not necessarily require AS layer involvement.



	Qualcomm
	Option B
	We must design the system which works for UEs in IDLE state (i.e. mode 2) so we donot see usefulness of reporting sensing information to eNB as it will force UEs to go to connected state. 

If the argument is that it is only for connected UEs then also we donot see any need for sensing report as we already agreed that location info reporting will be supported which is assumed to help eNB in resource allocation and management. 

We are not sure about LG’s comment that option 2 is ruled out, as it is always an option without any specification effort.

	Intel

	Option B or Option A (if option B is not possible)
	We think the eNB implementation can handle it (option B), however if not we may consider option A.  

	Nokia

	Option A
	Provided that RAN1 confirms sensing can be also used to reflect PC5 load with sufficient accuracy.

	OPPO

	Option A
	We consider that Option A is more precise.

	CATT
	Option C
	Since the sidelink resources load is related to the location of the UE, even if UE reports the sidelink sensing results to eNB, eNB can’t know the load of PC5, eNB overhearing has the same problem.

	ITRI
	Option A
	We think that Option A should be supported.

	Samsung
	Option A
	We prefer option A. Methods are available in RAN1 based on sensing to provide such reports on the load conditions seen by a particular UE (although they may be approximate). Option B does not make sense, esp. in Mode 2, since the eNB will not be able to get a view of the load on a particular UE (but rather an overall network load, assuming it can hear transmissions from all UEs) and the UE is sharing the spectrum (i.e. no dedicated carrier for PC5 V2V).

	MediaTek
(Late comment, not considered in the summary)
	Option C
	eNB may not be able to hear transmissions on PC5 in Option B. PC5 measurements and reports may be inefficient and add to latency in Option A. We prefer UE-centric solution in Option C.


Summary:

Totally 13 companies provided their views. There are 7 companies who support option A, 4 companies support option B, and 2 company support option C. 

Recommendation:

Proposal 3: RAN2 is requested to further discuss whether UE reporting is needed for E-UTRAN to be aware of PC5 load status. 
3.4 How the eNB configures the V2V transmission path(s)
There are following options for the eNB to configure the transmission path(s):

	Options
	Description

	A) Configure the V2V path(s) in SIB
	The eNB can configure the available V2V transmission path(s) in SIB, and the idle UEs (and possibly the connected UEs) should read the corresponding SIB and use the configured path(s) for V2V transmission.

	B) Configure the V2V path(s) in dedicated signaling
	For the UE in RRC_CONNECTED, the eNB can configure the V2V path in dedicated signaling. The eNB could also reconfigure (switch) the V2V path from one to another so as to adapt to the PC5/Uu load.

	C) Configure the V2V path(s) in SIB and dedicated signalling.
	The eNB can configure the available V2V transmission path(s) in SIB for the idle UEs. For UEs in RRC_CONNECTED, the eNB can configure/reconfigure (switch) the V2V path.

	D) It is left to the application layer to select which path to use.
	The eNB does not need to explicitly indicate which path to use. It is the UE application layer that selects the most appropriate path to use, e.g. based on expected load in certain geographical areas and APP-level signalling. The path choice can be controlled by the V2X-server.

	E) Companies can provide other options if any.
	


Question #4: which option(s) should be selected for E-UTRAN to configure the V2V transmission path(s)?

	Question #4: which option(s) should be selected for E-UTRAN to configure the V2V transmission path(s)?

	Company name
	Option(s)
	Comments

	LG Electronics Inc.

	Option C
	We think that eNB can control path switching for each cell or for each UE. Thus, both SIB and dedicated signalling should be supported. 

In our view, the SIB should be used for both idle UEs and connected UEs. Considering that all UEs in IDLE perform PC5 transmissions for V2V, it is essential to offload idle UEs using PC5 to Uu when PC5 capacity is not sufficient. We think that eNB would understand PC5 resource status based on reports of PC5 measurements even from connected UEs (particularly in mode 2).

	Panasonic

	C
	With the change “Configure the V2V path(s) in SIB and/ or dedicated signalling”…like eNB control to configure Mode1, Mode2 resources.

	Potevio

	Option C
	The eNB shall be able to configure the V2V transmission path switch in both per cell level and per UE level. In that sense,  both SIB and RRC dedicated signalling should be supported. 

If the eNB intends to configure the UE per cell, then it will provide the configuration in SIB for both idle and Connected UE. If the eNB doesn’t provide configuration in SIB but it has indication in SIB that it supports V2V, then the UE shall enter RRC_CONNECTED to request configuration individually. 



	ZTE

	C
	We think both SIB and dedicated signalling should be supported for the path switch. And the SIB based path configuration may be applied for RRC_CONNECTED UEs.

	Huawei, HiSilicon

	C
	Agree with Panasonic. Can follow the way of D2D mode 1/2 configuration. 

	Ericsson
	D
	In line with our concerns expressed in previous questions about limited time in the WI, we believe that the eNB might not need to be directly involved in the path selection. 

For this reason we see option D as a valid solution, where the path to use in certain geographical areas may be directly indicated via the application layer, possibly on the basis of APP-level signalling. 

In any case, similar with Huawei/Panasonic comments, we believe that the eNB can simply decide to provide or not provide PC5 resources via SIB/RRC signalling as in legacy. 



	Qualcomm

	Option C
	We don’t see any reason to restrict only one form of signalling. Just like rel-12/13 D2D both broadcast and dedicated signalling should be supported.

	Intel

	C) and D) 
	C) seems natural to handle idle and connected UEs from RAN2 point of view. However we think it can be also done by upper layer signalling (e.g. OMA DM).

	Nokia

	Option C
	A mixture of solutions appears to be the best idea. SIB for path selection (i.e. main purpose: new UEs entering the cell will follow the SIB configuration of which path to use) and dedicated signalling predominantly for the existing UEs to invoke path switching.

	OPPO

	Option C
	We agree with previous comments on this option.

	CATT
	Option D
	Agree with Ericsson

	Samsung
	Option C
	Option C is natural and preferred.

	MediaTek
(Late comment, not considered in the summary)
	Options C and D
	Configuration of V2V transmissions via SIB and dedicated signalling for idle / connected devices respectively in option C. We also thinks a UE-centric solution in option D can be considered. 


Summary:

Totally 12 companies provided their views. There are 10 companies who support option C, 3 companies support option D. 

Recommendation:

Proposal 4: the eNB configures the V2V transmission path(s) in SIB and dedicated signaling. 

Proposal 4a: RAN2 is requested to further discuss whether to configure the V2V transmission path following the way of D2D mode1/2 configuration.
3.5 V2V traffic splitting between PC5 and Uu (details for option C of section 3.1)
In case E-UTRAN supports both PC5 and Uu for V2V, the eNB can configure both PC5 and Uu to a UE (i.e., option C in section 3.1). An issue is how to split the V2V traffic into PC5 and Uu interfaces. 

There are following options V2V traffic splitting between PC5 and Uu interfaces:

	Options
	Description

	A) It is up to UE implementation
	The eNB configures both PC5 and Uu paths, and it is up to UE to split V2V traffic to different paths. 


	B) eNB controls distribution between PC5 and Uu (Per UE)
	The eNB configures both PC5 and Uu paths, and controls distribution between PC5 and Uu e.g. based on probability. Thus, UE selects one of PC5 and Uu under eNB control. 

	C) Network configures mapping between V2V paths and V2V traffic types
	The network configures the mapping between V2V paths and V2V traffic types (e.g. CAM, DENM). It is FFS how to define traffic types. Different traffic types may have different QoS requirements (e.g., reliability). SA2 has been discussing how to define new QCIs for different V2X traffic types in Uu, which can be used as baseline for definition of traffic types.
For example, the network may configure CAM which requires relatively low reliability requirement to be transmitted over PC5, and at the same time configures DENM which requires high reliability to be delivered over Uu.

	D) eNB controls distribution between PC5 and Uu (Per message)
	The eNB configures both PC5 and Uu paths, and controls distribution between PC5 and Uu e.g. based on probability. Thus, UE selects one of PC5 and Uu under eNB control. Also, the UE may select PC5 or Uu for different V2V messages respectively from the same UE.

	E) Companies can provide other options if any.
	


Question #5: Companies are invited to provide options and comments on the options.
	Question #5: Companies are invited to provide options and comments on the options.

	Company name
	Option(s)
	Comments

	LG Electronics Inc.

	C and (B)
	Our capacity analysis showed that Uu/PC5 capacity may be insufficient e.g. in Urban case with 15km. Thus, E-UTRAN should be able to use both Uu and PC5 capacity to accommodate all messages. When both paths are used for V2V, E-UTRAN should be able to distribute messages between Uu and PC5. For example, a portion of Uu capacity e.g. 10% or 30% could possibly be used as supplementary resource depending on PC5 resource status. Thus, Option C is essential.
Regarding Option A, this option means that operators would lose control of Uu resources because operators cannot control distribution between PC5 and Uu. Option A might always lead to 50% UEs in PC5 and 50% UEs in Uu in the end. Operators cannot offload more UEs to PC5 when more Uu resources should be allocated to commercial services.
Regarding Option B, this option seems not essential, but could be considered if companies are interested in this option.



	Panasonic
	B+C+D = Complete Network control 
	Based on the agreement/ discussion in SA2 (S2-162041 & S2-162042), there will be QOS assigned to “PC5 Bearer” as well for V2X (including V2V). Since the network controls the establishment/ maintenance of a “bearer” – the whole thing must be then network controlled as usual. 

	Potevio 

	C or D
	For option B, since V2X-Non-IP only applies in PC5 interface, if E-UTRAN configures the UE can only transmit V2X message through Uu, then it would be contradict with the SA2 agreement. 

For option A, in case the capacity of Uu and PC5 are very limited, the eNB shall be able to control the distribution of V2X message, if the path of Uu and PC5 selection is up to UE, the eNB is not able to control the message distribution. 

For non-IP message, 

For option C, PC5 and Uu has different latencies, reliabilities, and capacities, and different V2V traffic may have different requirements regarding latency, reliability and capacity, thus we can choose PC5 and Uu due to the message type and QoS. 

	ZTE

	B+C+D
	We think all these configurations are acceptable.

	Huawei, HiSilicon

	C
	For B) and D), we think application layer should be responsible to split the V2V traffic, so it is difficult for E-UTRAN to control the distribution between Uu and PC5. 

For C) the new QCIs defined in SA2 can be used by networks to control which traffic types should be transmitted over Uu or PC5.

	Ericsson
	A, C
	We support option A, C
The network/application layer can configure for a certain V2V traffic type the PC5 and/or Uu interface. In the case that for a certain traffic type both Uu and PC5 are selected, it is up to the UE how to split such V2V traffic type across the two paths. 

For Option B, D we agree with Huawei, it is not clear what significant benefits would bring such probability.

	Qualcomm

	Option A
	As indicated for Question #1 that we are not sure about use case of providing resources for both path. We should avoid introducing complex mechanism for unclear requirement. If at all it is present then we would like to go for simplest solution i.e. option A.



	Intel

	C) based on the assumption that network configuration also includes upper layer signalling (e.g. OMA DM)
	We think for V2V, some message type may target to the other vehicles from Tx vehicle’s proximity area and some others may target to the V2V/ITS server, so the path may be dependent on the message type or application. We think it can be done by upper layer signalling (e.g. OMA DM).

	Nokia

	Option A, Option C
	We believe that if eNB has configured both PC5 and Uu paths then it can be left up to the UE to choose the one for current transmission. Additionally, traffic types (if properly defined for V2V) can also serve as an indication which path would be suitable for certain type of messages.

	OPPO

	A or B/D
	Considering the traffic splitting between PC5 and Uu is related to the radio resource allocation in RAN side, therefore, maybe eNB is the better place to consider all information. Furthermore, as the simplest solution mentioned by Qualcomm, Option A is also acceptable.

	CATT
	Option A, C
	

	Samsung
	Option B, C, D
	Option A looks bad. Option B and D seem OK. We think Option C needs more discussion but acceptable.

	MediaTek

(Late comment, not considered in the summary)
	Options A and C
	We prefer UE-centric solution to select best path for V2V


Summary:

Totally 12 companies provided their views. There are 5 companies who support option A,  5 companies support option B, 10 companies support option C and 5 companies support option D. 

Recommendation:

Proposal 5: The network can control the mapping between the V2V traffic type and the V2V transmission path to the UE. Further discuss which network entity configures this mapping. 

3.6 Use Cases for UE autonomous path switch
In case E-UTRAN configures the UE to transmit V2V over an interface (PC5 or Uu), there are some cases (e.g., RLF) the configured path is not available temporarily and it may be beneficial for the UE to autonomously switch V2V transmission to another interface.
Companies are invited to discuss whether there is a need for UE autonomous path switch, and if any please companies provide use cases for UE autonomous path switch.
	Use cases
	Description

	A) The UE should not autonomously switch the path
	The UE should follow the E-UTRAN configuration, and if E-UTRAN configures one path for V2V transmission, the UE should not autonomously switch V2V transmission to another path.

	B) The UE switches to PC5 in case of IDLE, connection failure or OOC.
	When UE moves to IDLE or OOC, UL transmissions are not possible. In addition, when UE detects RLF or HOF, UE transmissions are not possible, either. Thus, UE performing V2V transmission on Uu switches to PC5 in those cases e.g. when there are available PC5 resources.

Note that even in this option, UE cannot autonomously switch from PC5 to Uu.

	C) The UE switches to PC5 in case of HO
	When UE performs the HO, it may switch to the PC5 based V2V transmission until it receives the resource allocation for Uu based V2V transmission from the target cell.

	Companies can provide the use case (e.g., RLF) for UE autonomous path switch if any
	

	
	


Question #6: Whether the UE can autonomous switch V2V path, and if yes which use case(s) provided above can be accepted?

	Question #6: Whether the UE can autonomous switch V2V path, and which use case(s) provided above can be accepted?

	Company name
	Use case(s)
	Comments

	LG Electronics Inc.

	Case B and (C)
	Case B is important because UL transmissions are not possible in IDLE/HOF/RLF/OOC. If Case B is acceptable, Case C could be discussed. However, Case C would be beneficial mostly when a message is generated during HO. Note that UE could transmit a message in UL buffer over PC5. 

	Panasonic

	None
	Too early to decide e.g. option A) seems far-fetched since we assume network control. We should wait until the basic functionality is clearer.

	Potevio

	B and C
	We think that we should develop a mechanism that allow the UE keep transmitting V2V traffic without interruption in case of IDLE/HOF/RLF/OOC. So Case B is essential and should be considered. 

For option C, in the duration of HO, if the V2V traffic transmission is interrupted, the V2V related latency requirement may not be able to be satisfied. In that sense, when UE performs the HO, it may switch to the PC5 based V2V transmission until it receives the resource allocation for Uu based V2V transmission from the target cell.

	ZTE

	B+C
	In addition to RLF, HOF, the UE should consider switch its path to PC5 so as to reduce the potential latency.

	Huawei, HiSilicon

	A
	If E-UTRAN configures only one path (e.g., Uu), the UEs in the cell only need to receive V2V on this path (e.g., Uu). If some UEs could autonomously switch to another path, the UEs in the cell may need to monitor both PC5 and Uu all the time, which seems a waste of RF receiver and energy consumption.

	Ericsson
	A
	We support option A) 

It is not clear what benefits autonomous switch would bring. The path to be selected should be for example subject to the V2X server as we previously mentioned.
In case of RLF/HOF, or even plain HO, we believe that the UE should rather try to recover Uu (or conclude the HO procedure as soon as possible) rather than switching to PC5. Therefore we do not support option B and C.

	Qualcomm
	
	This question is dependent on outcome of question 1.

	Intel

	
	We agree with Qualcomm. This question is dependent on outcome of question 1. 

	Nokia

	Use case A
	We believe UE should not autonomously switch to the path that has not been configured earlier by the NW.

	OPPO

	B and (C)
	We agree with LG that case B is the most important issue needs to be solved here. Regarding case C, we can discuss this further.

	CATT
	Option A
	Since different type of message (IP, non-IP) is generated in application layer. AS layer can’t control it.

	Samsung
	Option A
	Seems UE switching paths autonomously can create significant challenges – so, do not prefer autonomous path switching by UE

	MediaTek
(Late comment, not considered in the summary)
	Option A
	UE keeps same  path and try to recover from RLF.


Summary:

Totally 12 companies provided their views. There are 5 companies who support option A,  3 companies support option B, 4 companies support option C and 3 other companies did not select any option. 

Recommendation:

Proposal 6: RAN2 is requested not to prioritize the discussion of UE autonomous path switch. 

Proposal 6a: The out of coverage UE should perform V2V based on PC5. The definition of out-of-coverage is FFS.

3.7 Which layer of the UE selects transmission path based on AS control info
When the UE is configured by E-UTRAN with the V2V transmission path(s), or the UE may autonomously switch the transmission path, one issue is which layer in the UE should finally select the path (Uu or PC5) for V2V transmission.
In legacy (e.g., MCPTT), it is up to the application layer of the UE to decide to transmit data in Uu or PC5. As for V2V, if the application layer of the UE selects the transmission path, a further issue is how to make sure that the application layer of the UE follows the AS layer configuration?
The options for which layers of the UE deciding transmission path include:
	Options
	Description

	A) Application layer of the UE
	The path(s) configured by E-UTRAN or autonomously selected by the UE (if UE autonomous path switch is agreed) should be indicated to the application layer of the UE, and the application layer of the UE finally decides the transmission path. 

In order to make sure that the application layer follows AS configuration, when the V2V message is delivered to AS layers towards a path (Uu or PC5), for example, RRC or other layers should check if the path is the one indicated to the application layer; and the V2V message delivered on the path which is not the one indicated to the application layer is dropped and so not transmitted by AS layers..

Note that SA1 concluded that application layers are out of scope in 3GPP and 3GPP will not introduce new application layer for V2X.

	B) RRC layer of the UE
	The RRC layer determines/selects transmission path (i.e. Uu or PC5) based on a RRC message provided by E-UTRAN or based on UE autonomous decision (see the use cases above). The V2V message generated by the ITS upper layer is delivered to PDCP layer of the selected path and so transmitted only through the selected path.

	Companies can provide their solutions and describe how to enable E-UTRAN control.
	

	
	


Question #7: Which option provided above is acceptable?

	Question #7: Which option provided above is acceptable?

	Company name
	Option
	Comments

	LG Electronics Inc.

	Option B
	SA1 concluded that application layers are out of scope in 3GPP and 3GPP will not introduce new application layer for V2X. Thus, 3GPP should not pursue a solution that 3GPP cannot control, because path switching process could eventually consume E-UTRAN resources.
We think that RRC layer of UE will determine transmission path based on signaling from RRC of eNB. Upon deciding transmission path, UE RRC may configure user plane entities below ITS application layer, so that messages generated by ITS application will be delivered on the selected transmission path. How UE RRC configure user plane entities above PDCP can be left to UE implementation.


	Panasonic

	Other
	From Uu -> PC5 mobility should be under network control based on (including) radio threshold like criterion.

PC5 -> Uu mobility trigger could be “UE” based and likely on top of an optional radio threshold like criterion

	Potevio

	B
	As per the above use cases of UE autonomously swith the transmission path between PC5 and Uu, it should be up to the RRC layer to detect the RLF/HOF/IDLE/HO, thus the RRC layer of the UE should decide the path switch. 

	ZTE

	B
	We think the application layer may send its preference path  (if any) to AS layer and the AS layer makes the final decision.

	Huawei, HiSilicon

	A
	RRC layer should send the indication of the configured paths for different traffic types to the upper layer (like the indication of whether PC5 available in legacy D2D), and the application layer should be aware of this indication and follows the AS indication. 

For B), we share the same view with Ericsson, not clear how it works considering that IP protocol is used in Uu and non-IP could be used in PC5.

	Ericsson
	A
	For the same reasons mentioned above, it might be difficult to get AS involvement at this stage of the WI. 
It also seems to be the preferred option because, in any case, the application layer should be involved in differentiating the packet to be transmitted between non-IP (in case PC5 is selected) or IP-based (in case Uu is selected). Therefore the role of RRC (option B) is not clear here.

However, as mentioned in our comment Ericsson14, we do not think that there is the need for a further path check in RRC. In order to access 3GPP layers, the V2X APP in the UE should be a trusted APP, directly controlled by the V2X server. 



	Qualcomm

	A
	We think it is detailed modelling issue, which can be discussed during stage 3. 

	Intel

	Up to UE implementation (Either A) or B))
	Like Rel-13 relay UE selection, can we just leave it into UE implementation? Or whether the application or AS makes the final decision is so critical to be specified?

	Nokia

	Option A
	We share Ericsson’s and Huawei’s view on the issue related to the need of sending non-IP traffic over PC5.

	OPPO

	B
	Since this is related to AS layer resource utilization, RRC should make the final decision.

	CATT
	A
	Agree with Ericsson.

	Samsung
	
	No strong opinion.

	MediaTek
(Late comment, not considered in the summary)
	Option A
	Up to UE implementation.


Summary:

Will be summarized together with the discussion in section 3.8.
3.8 Where the V2V message generated by application layer is split/switched in UE side
When the UE is configured by E-UTRAN with the V2V transmission path(s), or the UE may autonomously switch the transmission path, one issue is which layer in the UE a V2V message is split/switched into either Uu or PC5 in.
The options for which layers of the UE performs path switching include:
	Options
	Description

	A) Split/switching at the application layer of the UE
	The path(s) configured by E-UTRAN or autonomously selected by the UE (if UE autonomous path switch is agreed) should be indicated to the application layer of the UE. Therefore, the application layer of the UE knows whether a V2X message should be transmitted over PC5 or Uu. Thus, the application layer delivers the V2X message towards either Uu UL or PC5. 
Note that SA1 concluded that application layers are out of scope in 3GPP and 3GPP will not introduce new application layer for V2X.

	B) Split/switching above PDCP layer of the UE but below the application layer
	The application layer of the UE does not know whether a V2X message should be transmitted over PC5 or Uu. Thus, the application layer delivers the V2X message to the lower layer without any knowledge about selected path. 

Then, UE performs path switching above PDCP layer but below the application layer so that the V2X message received from the application layer is delivered to the PDCP entity of the selected path.

	Companies can provide their solutions and describe how to enable E-UTRAN control.
	

	
	


Question #8: Which option provided above is acceptable?

	Question #8: Which option provided above is acceptable?

	Company name
	Option
	Comments

	LG Electronics Inc.


	Option B
	SA1 concluded that application layers are out of scope in 3GPP and 3GPP will not introduce new application layer for V2X. The application layer of the UE would not know LTE operation including whether a V2X message should be transmitted over PC5 or Uu. Thus, Option A seems not acceptable from 3GPP perspective.

Instead of Option A, a certain upper entity above PDCP (possibly above IP protocols) but below application layer can perform path switching e.g. like ANDSF function in LTE/WLAN interworking. That is Option B. We would specify how UE should behave for path switching. But, the upper entity could be left to UE implementation.


	Panasonic
	None
	Upper layers should somehow (not up to RAN2) decide which Bearer goes where (PC5 or to Uu) – this, as SA2 discussed should be a fall-out of the QOS sharing between the upper layers (NAS/ MME) and eNB. eNB will configure the UE accordingly. When only PC5 exists then only Sidelink PDCP is used.



	Potevio

	Option A
	Only application layer knows whether V2X-Non-IP is used, as SA2’s agreement that V2X-Non-IP is only supported over PC5, then the message should be the split/switched in the application layer.

	ZTE

	A
	Based on the current D2D specification, the application layer decides the PPPP for the packet delivered through PC5. And the PPPP is utilized for UE to decide which logical channel should be used to deliver this packet. If the PPPP is still used for PC5 based V2V, it is necessary for the application layer to perform the path switching.

	Huawei, HiSilicon

	A
	Similar to what is mentioned in 3.7.

	Ericsson

	A
	As indicated in question 7, it is the application layer that eventually assigns the actual path and makes sure to encapsulate data into IP or non-IP packets.

	Qualcomm
	A
	Detailed modelling issue, can be discussed during stage 3.

	Intel

	Up to UE implementation
	Like the response for the question 7, can we leave it to UE implementation?

	Nokia 

	A
	We agree that it is related to Q7 and does not have to be considered at this stage.

	OPPO

	B
	Aligned with previous comment, since the path switching is executed in RRC level, the V2V message generated by application layer is split/switched in PDCP layer.

	CATT
	A
	

	Samsung
	
	Similar with Q7, we don’t have strong opinion.

	MediaTek

(Late comment, not considered in the summary)
	Option A
	Application layer better able to determine optimum path for V2V


Summary:

According to the discussion in section 3.7 and 3.8, maybe majority views could be summarized as: UE AS layers should provide path selection/switch control information to upper layers, and it is assumed that upper layers (including the application layer) should follow the AS control. SA2 may need to be informed about this conclusion.
Recommendation:

Proposal 7: UE AS layers should provide path selection/switch control information to upper layers, and it is assumed that upper layers (including the application layer) should follow the AS control. 
Proposal 7a: Inform SA2 of the conclusion if needed.
3.9 Data handling after path switch
In case the UE switches its V2V transmission path according to E-UTRAN configuration or autonomously, some V2V data may have not been transmitted successfully and remains in the L2 transmission buffer of the old interface.

There are following options for the UE to handle the V2V data that has not been transmitted upon path switch:
	Options
	Description

	A) The PDCP/RLC of UE discards the V2V data that has not been transmitted.
	Upon the UE switches the transmission path from Uu/PC5 to PC5/Uu, the PDCP/RLC should discard the V2V data in the logical channels of Uu/PC5 (old interface).

	B) Keep until transmitted or discard due to latency
	The data in the “old interface” may be anyway discarded due to delay (e.g. longer than 100ms). Thus, perhaps it can be attempted to still send the data or – at certain point in time – discard it due to latency. 

	C) Re-pack the PDCP header and then keep until transmitted or discard due to latency
	PDCP packet shall be re-packed due to the different PDCP header for PC5 and Uu, and then it can be attempted to still send the data or – at certain point in time – discard it due to latency.

	Companies can provide the use case for UE autonomous path switch if any
	

	
	


Question #9: Which option provided above is acceptable?

	Question #9: Which option provided above is acceptable?

	Company name
	Option
	Comments

	LG Electronics Inc.

	Legacy operation
	In our view, PDCP/RLC discard function can already allow UE to discard SDU which cannot meet latency i.e. 100ms. In the meantime, a message in L2 buffer will be transmitted anyway until a resource is granted, the discard timer is expired, or the L2 entity is released. Hence, we could rely on the existing functionalities.
The question is whether UE can continue to use old path even if new path starts. But, it is not possible to use old path if UE switches from Uu to PC5 due to IDLE/RLF/HOF/OOC. 

	Panasonic

	Other
	It’s a detailed and perhaps UE internal discussion and should be taken up at a later point of time when more things are clear.



	Potevio

	Option C
	If the V2X-Non-IP is packed in PDCP/RLC, which was intended to be transmitted in PC5, however is now path switched to Uu, then this packet can’t be transmitted. 

If the V2X IP message it can be transmitted whether when path switch from PC5->Uu or Uu->PC5.



	ZTE
	Other
	It is suggested to leave it to UE implementation.

	Huawei, HiSilicon
	B
	Option B in our understanding is the legacy operation, which can be baseline. Can further discuss if there is a problem.

	Ericsson

	A
	We believe that switch between PC5 and Uu should not occur that often, thereby limiting the event of packets discard and possible ping-pong effects between paths.



	Qualcomm
	
	Agree with Ericsson that it should not be very common phenomenon. As we mentioned as part of Question #1 we think it is not realistic scenario. Even if it is required can be done as legacy mechanism (indicated by LG).

	Intel

	Up to UE implementation (Either A or B)
	We think we can leave it to the UE implementation.

	Nokia

	Option B
	It seems to be the easiest (and sufficient) approach to stick to the legacy mechanisms.

	OPPO

	Other
	It could be left to UE implementation.

	CATT

	B
	For the packets has been split to transmit on Uu or PC5. So two paths can work at the same time. The agreement “Transmissions to both PC5 and Uu of the same message is excluded” only restrict one message can’t be transmitted on both Uu and PC5, not UE can’t transmit V2X messages on Uu and PC5 simultaneously.

	Samsung
	Other
	It is preferred to leave it to UE implementation.

	MediaTek

(Late comment, not considered in the summary)
	
	Discard V2V data when switching path, which is likely to be obsolete anyway (e.g. BSM packets),  Corner case scenario.


Summary:

Totally 12 companies provided their views. There are 2 companies who support option A, 4 companies support option B, 1 companies support option C and 6 companies support other options (e.g., legacy operation, up to UE implementation). 

Recommendation:

Proposal 8: For the data which has not been transmitted before path switch, the UE can follow legacy operation, and RAN2 can further discuss the specific issue if any.
3.10 Other aspects for consideration
Companies can provide other aspects for consideration.
	Question #10: Shall we also consider the path selection for V2V message reception? For example, the UE should always receive both the PC5 and Uu. Alternatively, the UE may be only interested in certain types of V2V messages and it is assumed that different path is used for different types of V2X messages. In this case, the UE only needs to select one or both the path for reception.

	Company name
	Option
	Comments

	LG Electronics Inc.

	
	We believe that UE should receive both DL and SL when both UL and SL are used for transmissions of V2V messages. It is because UE should be able to capture all messages in proximity. 


	Panasonic

	
	Is it a question of capability or mandatory behaviour?

	Potevio

	
	No need to consider path selection reception as UE should monitor both DL and SL. 

	Huawei, HiSilicon

	
	If UE autonomous path switch is not considered, the UE may only need to follow the path(s) configured by E-UTRAN. 

The UE may only need to monitor one path.

	Ericsson
	
	Agree with LG, we believe that if the V2V UE is capable to transmit on a certain interface, it should be capable also of receiving in that interface.

	Qualcomm

	
	We think, when only PC5 path is configured then UE can receive on only PC5. As soon as Uu path is configured (i.e. Uu only) UE has to anyway receive on both Uu and PC5 path because it is always possible that this UE (which is in-coverage and using Uu path) can be in proximity of another UE which is out of coverage and using PC5. If this question is related to UE capability then we think UE should be able to receive both (if required).

	Nokia

	
	We agree that DL/SL transmission should imply the capability of DL/SL reception.

	CATT

	
	Agree with Qualcomm

	MediaTek
(Late comment, not considered in the summary)
	
	Same path used in transmission and reception should be baseline assumption.

	
	
	


Recommendation:

Proposal 9: RAN2 can discuss whether E-UTRAN needs to configure V2V reception path(s) separately.

4 Email discussion results
4.1 Summary
See above.
4.2 Recommendations
Proposal 1: E-UTRAN can configure one of the following 3 options: 1) Uu only, 2) PC5 only and 3) both Uu and PC5.

Proposal 2: E-UTRAN considers PC5/Uu load and V2V traffic types for path selection/switch.

Proposal 3: RAN2 is requested to further discuss whether UE reporting is needed for E-UTRAN to be aware of PC5 load status. 
Proposal 4: the eNB configures the V2V transmission path(s) in SIB and dedicated signaling. 

Proposal 4a: RAN2 is requested to further discuss whether to configure the V2V transmission path following the way of D2D mode1/2 configuration.
Proposal 5: The network can control the mapping between the V2V traffic type and the V2V transmission path to the UE. Further discuss which network entity configures this mapping. 

Proposal 6: RAN2 is requested not to prioritize the discussion of UE autonomous path switch. 

Proposal 6a: The out of coverage UE should perform V2V based on PC5. The definition of out-of-coverage is FFS.

Proposal 7: UE AS layers should provide path selection/switch control information to upper layers, and it is assumed that upper layers (including the application layer) should follow the AS control. 
Proposal 7a: Inform SA2 of the conclusion if needed.

Proposal 8: For the data which has not been transmitted before path switch, the UE can follow legacy operation, and RAN2 can further discuss the specific issue if any.

Proposal 9: RAN2 can discuss whether E-UTRAN needs to configure V2V reception path(s) separately.

Reference
[1] R2-162289, Configuration of PC5 and/or Uu for V2V transport, Huawei, HiSilicon
[2] R2-162946, Path switching and channel aspects for V2V, LG Electronics Inc.
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