Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 #94
Tdoc R2-164112
Nanjing, P.R. China, 23rd – 27th May 2016

Agenda Item:
8.11.1
Source:
Ericsson

Title:
SPS Enhancements for Uu Operations in V2X
Document for:
Discussion, Decision
1 Introduction

During last 3GPP meeting, RAN2 has discussed possible Uu enhancements featuring V2X. In particular, RAN2 is currently focusing on investigating possible enhancements to MBMS, and other possible enhancements to e.g. SPS, handover etc. 

In this paper, we mainly focus on Uu enhancements for SPS.
2 Discussion
V2X traffic is expected to be a periodic-type of traffic. According to ETSI [1], the packet generation interval for CAM messages depends on the V2X application and can vary from 100ms to 1s. The triggering for packet generation is influenced by external conditions, e.g. vehicle geographical position, speed, direction etc.

Furthermore, a number of higher layer headers with hardly predictable size and periodicity contribute to the traffic. For instance, related to the message size, there is a dependence on the type of security component that is used (i.e. full certificate or certificate digest) which is periodically repeated and the message type (CAM or DENM).

Furthermore, the UE might need to be engaged in multiple V2X services, e.g. V2N for traffic flow optimization, V2I or V2V for more local road safety services, each with possible different periodicity, packet sizes and latency requirements.

Related to V2X traffic characteristics and usage of SPS, RAN2 has agreed the following: 

	Agreements:

· Observation:  CAM message generation can be dynamic in terms of size, periodicity and timing. Such changes will result in misalignment between SPS timing and CAM timing.  There may be some regularity in size and periodicity between different triggers.  
-  SPS can be beneficial for some cases and SPS can be configured.  FFS if UE assistance is necessary 

-  At least the following SPS periodicities should be included 100 and 1s can be included.  

· FFS if SPS enhancement are necessary 


2.1 V2X traffic characteristics

As explained in more details in our contribution [6] and in the ETSI specification in [1], the CAM generation trigger conditions shall be as follows: 

1) The time elapsed since the last CAM generation is equal to or greater than T_GenCam_Dcc and one of the following ITS-S dynamics related conditions is given: 

· the absolute difference between the current heading of the originating ITS-S and the heading included in the CAM previously transmitted by the originating ITS-S exceeds 4°; 

· the distance between the current position of the originating ITS-S and the position included in the CAM previously transmitted by the originating ITS-S exceeds 4 m; 

· the absolute difference between the current speed of the originating ITS-S and the speed included in the CAM previously transmitted by the originating ITS-S exceeds 0,5 m/s. 

2)  The time elapsed since the last CAM generation is equal to or greater than T_GenCam and equal to or greater than T_GenCam_Dcc.

The above parameters  T_ GenCam_Dcc and T_GenCam are defined as follows:

· T_ GenCam_Dcc dictates the triggering condition 1), 
· It shall be provided by the management entity and shall be limited to T_GenCamMin ≤ T_GenCam_DCC ≤ T_GenCamMax, where T_GenCamMin and T_GenCamMax are supposed to be 100 ms and 1000ms respectively. 

· T_GenCam, dictates the triggering condition 2), 
· It shall be set to the time elapsed since the last CAM generation, if a CAM is triggered due to condition 1). After triggering the number of N_GenCam consecutive CAMs due to condition 2), T_GenCam shall be set to T_GenCamMax, i.e. 1000ms. The value of the parameter N_GenCam can be dynamically adjusted according to some environmental conditions. The default and maximum value of N_GenCam shall be 3.
The above conditions 1) and 2) for triggering the CAM generation shall be checked repeatedly every T_CheckCamGen. T_CheckCamGen shall be equal to or less than T_GenCamMin, i.e. 100ms.

Figure 1 below shows a possible example of CAM message generation, which depends on the vehicle dynamics as well as the time elapsed since the last CAM message generation and also the T_CheckCamGen which determines when conditions 1) and 2) are checked. 

The T_GenCam_Dcc, which determines the execution of condition 1), can be assumed fixed to 100ms (unless some congestion control algorithm changes it). On the other hand, the T_GenCam, which determines the execution of condition 2), may vary in time depending on the time elapsed since the last CAM generation.  
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Figure 1: Example of CAM message generation. It is assumed T_GenCam_DCC=100ms, default T_GenCam=1000ms, T_CheckCamGen=25ms.
Given the above figure, it is possible to observe that there is a periodicity in the actual CAM message generation, but such periodicity may be subject to frequent changes. 
Proposal 1 Capture in TR36.885 the actual ETSI CAM generation rules and the above figure.
2.2 SPS enhancements

As previously mentioned, RAN2 has agreed that SPS can be a valid scheduler candidate to support V2X. However, SPS is efficient when packets are generated periodically with fixed frequency and not very sensitive to packet segmentation which comes at the cost of increased jitter. 
Clearly, current SPS is not suitable, as it is, for V2X traffic due to the higher dynamicity and irregularity of packets arrivals compared with e.g. VoIP. Nevertheless, periodic resource reservation can still be advantageously exploited to accommodate V2X traffic. For example, SPS avoids configuring SR resources which could be in shortage in high load scenarios especially if high periodicity is desired. Additionally, SPS can be beneficial for battery consumption because the UE does not need to send any SR, i.e. no DRX active time after SR.
Observation 1 V2X traffic nature calls for enhancements to the SPS mechanism. 

For such reasons, we propose some enhancements to the SPS protocol that will improve network efficiency in case of V2X traffic. 
2.2.1 Irregular periodicity and packet size of CAM Traffic
Taking Figure 1 as a benchmark, we now introduce the SPS protocol into the V2X framework (see Figure 2).
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Figure 2: Example of CAM message generation with SPS occasions and 100ms SPSperiodicity. Due to dynamic of ITS CAM generation, some allocated SPS resources might be wasted. 
As previously observed, the frequent change of SPS periodicity due to ITS dynamics might lead to occasional wastage of SPS resources. In order to cope with that, different possible enhancements to the legacy SPS protocol have been proposed during last RAN2#93-bis meeting:

1. The UE requests reactivation of UL SPS potentially with reporting of the message arrival time for V2X and eNB can reactivate UL SPS to change the time location, e.g. introduce AS signaling by the UE to inform/trigger the eNB to change the SPS timing [2]

 REF _Ref449972499 \n \h 
[3].
2. The UE informs the network when resources scheduled by SPS are not used [4].

Given the Figure 2 above, it is not clear how option 1 could help. In order to aid the eNB in providing a better SPS alignment, option 1 implies that the UE could signal for example together with the transmission of the second CAM message, that a new CAM transmission is surely expected in e.g. 85ms (given that T_GenCam is now 150ms), and indicating a new desired 150ms periodicity. However, depending on vehicle dynamics, the UE could generate a CAM according to the triggering condition 1) much earlier, i.e. after 100 or 125ms the last CAM generation, rather than 150ms. Therefore, this type of UE assistance would just mislead the eNB that may (re)-activate the SPS in another subframe to have a better alignment with a 150ms SPS periodicity, even though the UE may not really follow the signalled behaviour. Eventually, this would lead to signal wastage (from both UE and eNB to (re)activates the SPS) and potentially increased latency if a too large SPS periodicity is then configured. 
Observation 2 Allowing UE notification of CAM generation time to the eNB to adjust SPS opportunity/periodicity might just increase signalling overhead and latency without reducing SPS resource wastage.
On the other hand, option 2 seems to be better tailored to the CAM characteristics, since the UE just needs to inform the network when resources scheduled by SPS are not used so that the eNB has the chance to reuse resources for other purposes. 
This information can be carried for example on PUCCH prior to the actual transmission, e.g. 5ms earlier so that the eNB can send reallocate those resources and send a grant. We note that no explicit information bit needs to be transmitted to carry such information; instead, similar to SR, the information can be conveyed by the presence of energy on the corresponding PUCCH resources.
This solution can clearly be combined with the “skip padding” mechanism studied for SPS as part of the latency reduction study item [7].
We also note that a similar mechanism has been discussed in RAN1 in the context of sidelink, and it is now a RAN1 working assumption.

Proposal 2 To limit resource wastage, the UE should inform the network when SPS resources are not used, e.g. on control signalling, both for PC5 and Uu.

Proposal 3 Such information can be conveyed by the presence of energy on the corresponding control resource, i.e. no explicit information bit needs to be transmitted.
2.2.2 Multiple SPS processes
Enabling multiple SPS processes might be beneficial, since a UE might need to execute different type of traffics to address all the possible V2X use cases and including legacy use cases like VoIP. Such traffics might have different characteristics in terms of periodicity and sizes.

Therefore, each SPS process may differ in the TB size, in the resource allocation and in the periodicity. The UE triggers individual transmissions on each SPS process (or selects the preferred process) depending on its buffer status.
Proposal 4 The UE can be configured with multiple parallel SPS processes with different configuration parameters.

When the eNB needs to (re)activate/grant a certain SPS process, it just needs to indicate in PDCCH which is the corresponding SPS process that is granted.

Proposal 5 The eNB indicates in PDCCH which is the specific SPS process that is granted.

2.3 BSM use case

Rather than the ETSI ITS protocol, in the U.S. DSRC systems, the BSM standard is used. The rules for generating BSM traffic are specified in [5] (see section 6.3.3):
· The System shall generate BSMs for transmission that do not include Critical Event Flags at a default message interval of 100ms +/- 10ms, unless the congestion control procedures require a different message interval between messages in which case the transmission rate can be adjust up to 1sec. For example, the BSM generation may be triggered by changes to the estimated relative position between transmitter and receiver. 

· The System shall vary each scheduled BSM generation by adding a uniformly distributed random value between -5ms and +5ms to each scheduled generation time, uniquely computed for every BSM. 
Therefore, given the above, even though BSM frequency generation is quite different from CAM, the actual BSM transmission frequency is subject to changes. For this reason, we believe that the above SPS enhancements can be applicable to BSM as well.

Observation 3 The proposed SPS enhancements are applicable to any other periodic traffic, such as BSM.   
2.4 Event-triggered messages
Event triggered messages are the so called DENM messages in the ITS ETSI system and the BSM message with the Critical Event flag in DSRC system. Both protocols imply that the transmission of an event-triggered message may be repeated until the event that triggered the message ends. In DSRC this repetition interval is 100ms, while in ETSI it is optional and left to ITS implementation.
In any case for event triggered messages, the eNB can learn that a certain event has been terminated at the UE if a configured SPS resource is not used for a configurable consecutive number of times.

Proposal 6 For event-triggered messages, e.g. DENM, the eNB can use legacy procedures to determine that the event is terminated, e.g. implicit release after a number of empty transmissions.
3 Conclusion

In section 2 we made the following observations:
Observation 1
V2X traffic nature calls for enhancements to the SPS mechanism.
Observation 2
Allowing UE notification of CAM generation time to the eNB to adjust SPS opportunity/periodicity might just increase signalling overhead and latency without reducing SPS resource wastage.
Observation 3
The proposed SPS enhancements are applicable to any other periodic traffic, such as BSM.


Based on the discussion in section 2 we propose the following:
Proposal 1
Capture in TR36.885 the actual ETSI CAM generation rules and the above figure.
Proposal 2
To limit resource wastage, the UE should inform the network when SPS resources are not used, e.g. on control signalling, both for PC5 and Uu.
Proposal 3
Such information can be conveyed by the presence of energy on the corresponding control resource, i.e. no explicit information bit needs to be transmitted.
Proposal 4
The UE can be configured with multiple parallel SPS processes with different configuration parameters.
Proposal 5
The eNB indicates in PDCCH which is the specific SPS process that is granted.
Proposal 6
For event-triggered messages, e.g. DENM, the eNB can use legacy procedures to determine that the event is terminated, e.g. implicit release after a number of empty transmissions.
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