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Introduction
In RAN2#94 meeting, the followings were agreed:
· For V2V WI and V2X, Multiple SPS configuration with different configuration parameters can be configured by eNB.   Which SPS configuration is being activated/deactivate can be signalled.  Details of control signalling are left to RAN1.  For V2V, it is FFS whether we allow multiple configurations to be active at the same time.  

· For V2X, we will capture the two options are possible, one active SPS at a time (as per LTE) and multiple SPS active at a time (SPS configuration and UE assistance information may be linked to one or more radio bearers).

· For V2V WI and V2X, UE assistance at least on periodicity and/or timing can be provided to eNB.  UE assistance can be configured by eNB.  UL SPS configuration is decided by eNB.  Triggering of UE assistance can be discussed as part of stage 3 discussions.  

· For V2X study item:

· Capture the solution in the TR: the UE can inform the network when SPS resources are not used, e.g. on control signalling

· The TP will capture pros and cons of the identified solutions 

· For V2V WI (PC5) and V2X (Uu) conclusion:

· From a RAN2 point of view, for UL SPS, it is not necessary to send an indication to the eNB that an SPS grant will not be used.  Therefore, the working assumption on “the UE can indicate to the eNB that it does not intend to transmit data before a transmission associated to an SPS configuration” is not needed.
· For PC5
· The design will be based on broadcast mechanism.  RAN2 will not optimize for unicast case.
· A common pool is used for V2X and I2X.  FFS whether a separate pool is needed for P2X or the common pool can be used. We will wait for RAN1 to finish their discussion on sensing.

The TP capturing the agreements above is proposed to be agreed.
Text Proposal for TR36.885
5
Technical support for V2V

5.1
PC5 interface

Editor notes: Including necessary enhancements for PC5 transport for V2V services.

The design will be based on broadcast mechanism.  No optimization is expected for unicast case in this release.
****************************************** Omission **********************************************
5.2
Uu interface

Editor notes: Including feasibility of Uu transport for V2V services.

The following technical areas are identified as potential enhancements to Uu transport for V2V services:

· The use of both MBSFN and SC-PTM is allowed.
· Improvement of MBSFN/SC-PTM services on the basis of UE geographical location
· It is assumed that the application/upper layer can provide the necessary location information for DL broadcast. An AS layer mechanism is not needed to assist the application server to determine broadcasting area.
· The need and solutions (if needed) to reduce MBSFN/SC-PTM latency can be considered. Possible enhancements primarily targeting control plane (but may be used for user plane) include:
· For MBSFN: shorter MCCH modification period, repetition period, and shorter MCCH scheduling period (e.g. 10ms), and the use of pre-configured MRBs can be considered.
· For SC-PTM: shorter SC-MCCH modification period and shorter repetition period can be considered.
· 
· The use of UL SPS can be beneficial for some cases. The considered UL SPS enhancements are described in 5.2.1.
· It is observed that CAM message generation can be dynamic in terms of size, periodicity and timing. Such changes will result in misalignment between UL SPS timing and CAM timing.  There may be some regularity in size and periodicity between different triggers.
· UE assistance can be configured by eNB.
· At least 100ms and 1s SPS periodicities should be included.
· Impact of supporting inter-operator deployments
· A UE is allowed to receive downlink broadcast of other operator.
Editor notes: How to capture the above Uu enhancements for V2I/N/P is FFS.
Note that we will down-prioritize the idle mode case for Uu based V2V.
For DL multicast/broadcast, RAN1 has observed performance benefit with the following enhancements:
· Dynamic scheduling for multicast/broadcast transmissions

· I.e., PDCCH-based scheduling of TBs associated to a TMGI

· Semi-static scheduling for multicast/broadcast transmissions

· Use of DM-RS based transmission scheme from multiple TPs including reception for idle UEs

· This does not imply introduction of any new TM

· DMRS-based single-cell multicast

· PDSCH transmitted from multiple TPs

· CRS based PDSCH/PDCCH transmitted from TP(s) that differ from the TP(s) transmitting the system information

· DMRS based PDSCH/EPDCCH transmitted from different TP(s) 

· Use of normal CP

· HARQ feedback

· CSI feedback

· Note 1: Gain, complexity, and specification impact of each enhancement are expected to be different.

· Note 2: some enhancements may be possible without spec impact.

· Note 3: Network/UE complexity has not been studied in RAN1.

· Note 4: some enhancement(s) listed above may assume some level of inter-TP coordination, which does not necessarily result in spec changes

· Note 5: some enhancement(s) listed above may be based on contribution(s) from a limited number of company or companies

RAN1 is still continuing study at least some of the above enhancements
From RAN1 viewpoint, the following feature is beneficial: 

· UE identifies which broadcast transmissions (e.g., TMGI) are relevant to it, e.g., depending on the position of the UE.

· Companies are encouraged to study the need of potential enhancements on unicast listed below for Uu-based V2V:
· UL enhancement (e.g., SPS enhancement, SR enhancement)

5.2.1

Uplink SPS enhancements
It is observed in 8.2.2 that E-UTRAN may not meet the latency requirement for Uu transport of V2V service when a long SR period (e.g. a longer than 10ms) is used. Thus, if Uu transport of V2V service is used, UEs should be configured with a shorter SR period such as 1ms or 10ms to meet the latency requirement on V2V service. However, it is also observed in 8.1.2 that configuring PUCCH SR resources with a short SR period such as 1ms or 10ms will increase undesirable uplink overhead. Such uplink overhead might be severe, particularly when a large number of vehicles exist in a cell e.g. in urban or when Uu resources are shared with other services.

To reduce uplink overhead, it is beneficial to use uplink Semi-Persistent Scheduling (SPS). In order to avoid added latency in the UE of waiting for SPS resources, the SPS period would have to be significantly shorter than the latency requirement of 100ms. For most CAM and DENM periods, this would result in a large amount of signaling overhead when (many) UEs need to signal to the eNB each time they do not need to use the resource. Thus, it is desirable to use a long SPS period e.g. between 100ms and 1 second for V2V service with potential enhancements described below. In addition, there is no way for the eNB to know the best SPS configuration for a given vehicle at any given time. Thus, the UE may need to assist the eNB to properly control UL SPS operation.
Accordingly, the following enhancements to uplink SPS are identified as potential solutions for V2V service:
· Solution 1: Multiple SPS configurations with different parameters can be configured by eNB. 
· Which SPS configuration is being activated/deactivate can be signalled.
· Two options are identified for multiple SPS configurations

· Option 1: one active SPS at a time
· Option 2: multiple SPS active at a time
·  SPS configuration and UE assistance information may be linked to one or more radio bearers.

· Solution 2: UE assistance at least on periodicity and/or timing can be provided to eNB.
· UE assistance can be configured by eNB.

· UL SPS configuration is decided by eNB.

· Triggering of UE assistance can be discussed as part of stage 3 work.  

· Solution 3: The UE can inform the network when SPS resources are not used, e.g. on control signaling
Two or all of those solutions above may be combined to support SPS transmissions.
Hereinafter, the solutions above are briefly described.
5.2.1.1

Multiple SPS configurations
Multiple SPS configurations with different configuration parameters can be configured by eNB in order to address message characteristics of V2V service e.g. CAM, DENM and BSM, and support both V2V service and VoIP service.
For example, CAM messages are periodically generated with dynamically changed periodicity between 1 second and 100ms. When CAM message generation time changes e.g. from 1 second to 100ms, SPS resource allocation with one periodicity e.g. 1 second does not match the changed CAM message generation period. Considering dynamic CAM message generation in time, the eNB can provide the UE with multiple SPS configurations covering different message periodicities. In this case, it may be sufficient that only one SPS configuration is active at a time. 
In addition, BSM messages are periodically transmitted with 100ms periodicity. However, the actual message size can vary in time. If the SPS resource grant cannot accommodate a BSM message due to size variation, the UE may request dynamic UL resource allocation. To avoid significant use of dynamic UL resource allocation, the eNB may provide the UE with mulitple SPS configurations covering different message sizes. In this case, it may be sufficient that only one SPS configuration is active at a time.
Meanwhile, a vehicular UE may generate both CAM and DENM messages from time to time. The vehicular UE may also make a phone call e.g a voice call while generating messages for V2V service. Considering that CAM, DENM and a voice call have different characteristics, the eNB can provide the UE with multiple SPS configurations e.g. for CAM, DENM and voice call. In this case, it can be further discussed in Stage 3 whether or not multiple SPS configurations can be active at a time. 
5.2.1.2

UE assistance for SPS
After the eNB activates SPS by PDCCH addressed by SPS C-RNTI, SPS resource grants occurs periodically. Since the eNB cannot know when the UE generates the messages, the SPS resource grants allocated by eNB may not exactly match the actual message generation time. Such mismatch between the actual message generation time and SPS resource grant will cause lateny in V2V service.

Considering the strigent V2V requirement on latency of 100ms, the UE can assist the eNB to ensure SPS grants are alligned with periodic message transmission by triggering an SPS reactivation with timing change. As illustrated in Figure 5-1, when the UE detects a significant mismatch between the actual message generation time and SPS resource grant, the UE sends assistance information about the timing change to the eNB. Upon receiving the assistance information, the eNB may re-initiate SPS to change timing of SPS resource allocation. It needs to be further discussed in Stage 3 how assistance information is signalled to the eNB as well as related triggering conditions.
In addition, if the UE can detect change of message periodicity, the UE may send assistance information including the changed message peridocity to the eNB. This assistance information can help the eNB activate a SPS configuration when mulitple SPS configurations with different periodicities are configured by the eNB.
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Figure 5-1: Example of UE assistance for SPS with timing change of CAM transmissions in UL

5.2.1.3

UE informs eNB when SPS resources are not used
It is assumed that the UE and the eNB do not exactly know the CAM message generation time and it is difficult for the eNB to allocate SPS resource grants which exactly match with dynamic CAM message generation. Thus, the UE may not use a certain SPS resource grant for transmission. To avoid SPS resource grant wastage in V2V transmissions, the UE may inform the eNB when SPS resources are not used. As a result, when a SPS resource grant is not used, the eNB may allocate the SPS resource grant to another transmission e.g. for another UE.
Note that from RAN2 point of view, for UL SPS, it is not necessary to send an indication to the eNB that an SPS grant will not be used. Therefore, the working assumption on “the UE can indicate to the eNB that it does not intend to transmit data before a transmission associated to an SPS configuration” is not needed.







****************************************** Omission **********************************************
6
Technical support for V2I/N

Editor notes: Including necessary enhancements for PC5/Uu transport for V2I/N services.
6.1
PC5 interface

· At least the following aspects need to be discussed for PC5-based V2I 

· Evaluation results on potential V2V performance degradation if “I” transmits in the same carrier and if V2I performance can meet requirements to conclude observation on performances

· Feasibility of reusing PC5-based V2V to V2I 

· To conclude which case needs further enhancements over PC5-based V2V

· Note that V2I includes both directions
The working assumption is that side-link physical layer design used for V2V is used for V2I if side-link is used for V2I.
It is agreed that a common pool is used for V2X and I2X.
The design will be based on broadcast mechanism.  No optimization is expected for unicast case in this release.
6.2
Uu interface

· Companies are encouraged to study the need of potential enhancements on unicast listed below for Uu-based V2I/N:
· UL enhancement (e.g., SPS enhancement, SR enhancement)

The working assumption is that DL physical design used for V2V is used for I2V if DL physical design is used for I2V, and UL physical design used for V2V is used for V2I if UL physical design is used for V2I.
7
Technical support for V2P

Editor notes: Including necessary enhancements for PC5/Uu transport for V2P services.
Note that P2V (i.e., pedestrian UE transmission and vehicle UE reception) is prioritized over V2P (i.e., vehicle UE transmission and pedestrian UE reception) in the study.
7.1
PC5 interface

· At least the following aspects need to be discussed for PC5-based V2P

· Evaluation results on potential V2V performance degradation if “P” transmits in the same carrier and if V2P performance can meet requirements to conclude observation on performances

· Feasibility of reusing PC5-based V2V to V2P

· To conclude which case needs further enhancements over PC5-based V2V

· Power consumption for transmission or reception of “P”
· Complexity of the UE supporting transmission of “P”
· Note that V2P includes both directions
For the purpose for P-UE TX to reduce the power consumption and UE complexity, at least the followings are beneficial:
· Random resource selection.
· FFS Sensing operation during a limited time
It needs to be further discussed in Stage 3 whether a separate pool is needed for P2X or the common pool used for V2X and I2X can be also used for P2X. 
The design will be based on broadcast mechanism.  No optimization is expected for unicast case in this release.
7.2
Uu interface

· Companies are encouraged to study the need of potential enhancements on unicast listed below for Uu-based V2P:
· UL enhancement (e.g., SPS enhancement, SR enhancement)

****************************************** Omission **********************************************
8.1.2 
Uu-based V2V
The following observations are made based on the results of the latency analysis in section 8.2.1 and the results of the capacity analysis in [17] for the agreed evaluation scenarios:
· Short SR/SPS periods (i.e. 1 and 10ms SR period, 10 and 40ms SPS period) increase UL overhead for V2V, particularly in Urban case with 15 km/h and in Freeway case with 70km/h where the number of vehicles is high.  

· With dynamic scheduling UL capacity can be met with 1ms SR, if 100% UL resources of a 10 Mhz carrier are available for V2V services.
· For SPS with 10ms the UL capacity cannot be met and for 40ms it is very challenging to meet.Given that we cannot assume 100% of the resources are available for V2V services, some UL enhancements can be considered.
· If our assumption of 100ms periodicity is confirmed and if somehow SPS can be aligned with the packet generation, then an SPS of 100ms can be used. 
· 
· It is challenging to meet the DL capacity requirement for the Urban cases.  We will study DL enhancements to improve the DL capacity.
· Unicast cannot meet the capacity requirements for Urban cases and Freeway cases option 1.  

· We will focus on improvements to DL broadcast mechanisms. 

· Message drop rates increase for UEs with high speed due to high handover failure rates particularly in Freeway cases with 140 km/h, and consequently overall PRR performance is degraded.

· 
****************************************** Omission **********************************************
8.2.2
Observations
The following observations are made based on the results of the latency analysis in section 8.2.1 for the agreed evaluation scenarios:

· The latency requirements can be met for Scenario 1 (mode 1) when SR is set to 1ms or 10ms, the UE is in RRC CONNECTED and assuming mean value.

· The latency requirements can be met for Scenario 2 using Unicast, MBSFN or SC-PTM for connected mode UEs assuming:

· 20ms backhaul delay and no delays related to mobility

· Short scheduling period (i.e. SR or SPS period - 1ms and 10ms) 

· For MBSFN the scheduling period set to 40ms

· The latency requirements can be met for Scenario 2 using SC-PTM for idle mode UEs assuming:

· 20ms backhaul delay and no delays related to mobility

· SR set to 1ms and 10ms 

· Scheduling period 10ms for mean and 1ms for max (see the definition of mean and max in B.2.1)
· Scenario 3 analysis is down-prioritized. 

Reference
[1] R2-162995, LS on resource allocation for V2V, TSG-RAN WG1
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