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1
Introduction

During the 3GPP TSG RAN WG5#78 meeting, the RAN5 Work Items “Support for V2V services based on LTE sidelink” and “Support for LTE-based V2X Services” were updated [1][2]. These two Work Items include the implementation of several out-of-coverage PSSCH and PSCCH demodulation performance test cases. The requirements for these test cases are defined on their respective sections in 36.101 specification [3].

Additionally, during 3GPP TSG RAN WG5#75 it was agreed that for V2V/V2X test cases that are non-concurrent to E-UTRA (i.e. out of coverage), the SS shall establish additional connection with the UE to send AT commands [4]. For this purpose, in [5] and [6] CT1 introduced new AT commands for V2V/V2X. These new AT commands are defined in 27.007 specification [7] and their use is defined in specifications 36.508 [8] and 36.509 [9].

It is important to note that due to the absence of the ACK/NACK feedback channel on the LTE sidelink, there is no way of knowing whether a V2V/V2X device correctly receives downlink packets. With the introduction of the AT command +CUSPCREQ, the UE was enabled to report the number of received PSCCH and STCH PDCP SDU transmissions. This functionality got further enhanced at the 3GPP TSG RAN WG5#78 when it was agreed – based on [10] – to have support for reporting of received PSSCH transmissions. In that line, an LS to CT1 was drafted [11]. In CT1#110 this AT command enhancement request was fulfilled by CT1 via [12] and [13]. 
With the enhanced AT command functionality implemented it is now required to agree on a way forward to implement Annex G for V2V/V2X performance test cases with throughput and probability of miss-detection. This discussion paper presents an Annex G proposal, which is implemented on its companion document R5-182602 [17].
2
Discussion
2.1 PSCCH and PSSCH packet counter initialization and management
Since the UE is expected to report both PSCCH and PSSCH metrics to the SS via AT command +CUSPCREQ, specification 36.509 ([9] and [16]) has defined two state variables for the UE to keep an updated counter of the received PSCCH and PSSCH packets. These state variables are:

· PSCCH_PACKET_COUNTER
· PSSCH_PACKET_COUNTER

This way, the UE will increase the respective counters upon successful reception of the corresponding transport block. For testing purposes, the SS can retrieve any of these counters on demand using the AT command +CUSPCREQ. For completeness, a similar counter is also defined for STCH PDCP SDUs, however it is not used in performance test cases. 
To manage these counters, it is required to close the UE test loop back mode E, as defined in 36.509 ([9] and [16]). Such operation is performed following an AT-command based procedure to set the UE in State 5A-V2X (36.508 [8] and [15]):

· Trigger UE to activate UE test loop mode via AT command +CATM

· Trigger UE to close UE test loop back mode E in Transmission mode via AT command +CCUTLE

· Trigger UE to reset or clear the current UTC time calculated from GNSS via AT command +CUTCR

Additionally, upon reception of a CLOSE UE TEST LOOP message by the UE, both PSCCH and PSSCH packet counters are initialized to zero:

· Upon receiving the CLOSE UE TEST LOOP message the UE shall:
· If UE test loop mode E has been selected
· If the UE test loop mode E is set to receive

· set state variable PSCCH_PACKET_COUNTER to zero

· set state variable PSSCH_PACKET_COUNTER to zero

This implies that such counters are initialized to zero during the State 5A-V2X step, which takes place before the actual performance session is initiated. Furthermore, since only one CLOSE UE TEST LOOP message is scheduled to the UE, there is no way to reset these counters during the course of a test. To add, performance test cases are conducted in fading conditions, which further increases the uncertainty and stability concerns. This could lead into multiple issues, for example:
· PSCCH/PSSCH packets received during the transition time from the initial SNR level to the test SNR level
· Transition time from the start of PSCCH/PSSCH scheduling until it stabilizes

· Transition time during the SNR level change from the initial SNR level to the test SNR level

2.2 Proposed Way Forward on Test Method for Performance PSCCH and PSSCH test cases
As discussed in section 2.1, there are multiple possible issues and test challenges that could take place if the testing method is not properly designed. 
Based on the illustrative diagram in Figure 1, and since there is no way to reset these counters during the course of a test, we propose to discard the first PSCCH/PSSCH counter samples before the actual stable performance session starts. To do so, the SS will read the PSSCH/PSCCH counters twice and calculate the performance metrics based on the sample difference between both read operations. We propose to perform the counter reads as follows: 
· The first counter read will take place once the performance session has started and stabilized. The assumption is that the performance session will be stable T seconds after the PSCCH/PSSCH scheduling starts.

· The second counter read will take place at the end of the performance session.
To illustrate this procedure, we have included below a qualitative diagram representing the proposed testing method:
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Figure 1 – Proposed Test Method for V2V/V2X Performance Test Cases
This diagram represents the course of a test based in two metrics: the noise-normalized test SNR and the performance session, represented in terms of fractional throughput. The proposed test method can be described as follows:
· The UE is set on State 5A-V2X, according to the procedure defined in 36.508 [8] and [15], which is also summarized in section 2.1 of this paper. In this process both PSCCH and PSSCH counters are initialized to zero. This takes place during the initial conditions stage.
· Once the UE is operating on State 5A-V2X, the SNR is set to the test SNR level and the PSCCH/PSSCH scheduling starts. This takes place during the test procedure stage (for example, test steps 1 and 2 in test 14.2)

· Once the PSCCH/PSSCH scheduling starts, the SS will wait for a stability window of T seconds before the first PSCCH/PSSCH sample counter read. 
· We propose a stability window of T=10 seconds for this purpose, which we understand of reasonable length to allow stabilization and it does not increase the testing time too much.
· Upon expiration of the stability window, the SS will perform the first PSCCH/PSSCH sample counter read (Time Point A in the diagram) and record the retrieved values. Then the performance session starts. 
· During the performance session the SS will record the number of transmitted PSCCH and PSSCH packets starting in Time Point A and ending in Time Point B. The performance session lasts for a duration sufficient to achieve statistical significance as introduced in the companion document R5-182602 [17].
· Once the test time is completed the SS will perform a second PSCCH/PSSCH sample counter read (Time Point B in the diagram) and record the retrieved values. The SS will use the retrieved counter values at Time Point A and Time Point B, as well as the recorded number of transmitted PSCCH/PSSCH packets between Time Point A and Time Point B, to calculate the PSCCH probability of miss-detection and the PSSCH BLER, respectively.

According to the diagram and the test method described above, we can define the PSCCH probability of miss-detection as follows:
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Similarly, we can define the PSSCH BLER as follows:

[image: image3.png]PSSCHeouneer (B) — PSSCHeoupeer(A)

BLERPSSCH =1- PSSCHTTE‘ILSTYLittEd





Where:

· PMD = Probability of Miss-Detection

· BLER = Block Error Rate

· PSCCHCounter = PSCCH_PACKET_COUNTER, as defined in 36.509 ([9] and [16])
· PSSCHCounter = PSSCH_PACKET_COUNTER, as defined in 36.509 ([9] and [16])
· T = Stability Window, with a proposed value of 10 seconds

· PSCCHTransmitted = Transmitted number of PSCCH transport blocks counted by the SS

· PSSCHTransmitted = Transmitted number of PSSCH transport blocks counted by the SS

· MNAS = Minimum Number of Active Subframes, as introduced in the companion document R5-182602 [17].
It is therefore proposed that the described testing method is agreed to be implemented in Annex G of 36.521-1 as well as in the corresponding test procedures, as needed. To speed-up the process, the implementation of this testing method has been introduced in the companion document R5-182602 [17] on this meeting as well.
Proposal: RAN5 to AGREE on the proposed testing method described above and its implementation in Annex G of 36.521-1 as introduced in the companion document R5-182602 [17].
3
Proposal
Proposal: RAN5 to AGREE on the proposed testing method described in Section 2.2 and its implementation in Annex G of 36.521-1 as introduced in the companion document R5-182602 [17].
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