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1 Introduction

At the TSG RAN1 Meeting #82, the evaluation assumptions for feasibility study on LTE based V2X services [1] were agreed and captured in [2]. In this contribution, we provide system level analysis of V2V performance in freeway scenario and discuss several designs enhancement directions to provide improved performance. Our views on other aspects of V2V/V2X communication are provided in our companion contributions [4]-[7].

2 Factors Impacting V2V Performance

There are many factors that can have an impact on V2V performance characteristics: link budget considerations, half-duplex effect, in-band emission and co-channel interference, resource allocation aspects. For R.12 sidelink air-interface, all these aspects should be separately analyzed for PSCCH and PSSCH channels in order to determine the limiting factors.
In this contribution, we analyze all these impacts for different resource allocation options, including:

· Legacy and enhanced PSCCH/PSSCH frameworks – analyzes enhanced randomization options to reduce half-duplex and in-band emission impacts.
· Legacy (15 kHz) and new (30 kHz) V2V numerology – analyzes tradeoff between amount of time and frequency resources.

For analysis, we use CDF of PRR and average PRR as was agreed in [2]. The more details on system level evaluation assumptions can be found in Appendix A.
3 Link Budget Considerations
In this section, we analyze PRR for PSCCH and PSSCH channels in interference free environment (i.e. w/o taking into account IBE, co-channel interference and half-duplex effects. The PRR analysis is shown in Figure 1.
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	Figure 1: PRR Analysis for PSSCH/PSCCH in Urban Scenario


Based on the link budget analysis results we draw the following observation.

Observation 1
· There is no link budget constraints for PSCCH and PSSCH channel in urban scenario for the target range of 100m [3].
4 Enhanced PSCCH/PSSCH Frameworks
The physical structure of PSCCH and PSSCH channel may be further enhanced to improve randomization and sensitivity to half-duplex and in-band emission impact.

4.1 Additional TRP Randomization

The T-RPT randomization may be beneficial for improved PSSCH performance and can be achieved by either randomizing MAC PDU mapping to T-RPT subframes or by increasing the T-RPT bitmap length N, keeping the same value of k. In Figure 2, we show the performance results for the different T-RPT set configurations. The simulations include modelling of in-band emissions, half-duplex and conducted for both PSCCH and PSSCH transmissions: 
· PSSCH/PSSCH 8/32; T-RPT (N = 16, k = 2); 15 kHz; 1 ms; QPSK; 12 PRBs; 4 TTIs.
· PSSCH/PSSCH 8/32; T-RPT (N = 32, k = 4); 15 kHz; 1 ms; QPSK; 12 PRBs; 4 TTIs.
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	Figure 2: PRR Analysis of TRP Randomization Options


Based on the presented results we have the following observations.
Observation 2
· The T-RPT set (N = 32, k = 4) shows the best performance, but still the performance is relatively low.

· The PRR for effective range of 100 m shows better performance and should be used as a baseline according to the requirements in [3]. Therefore, we suggest to target 100 m (instead of current 150 m) and use it as a baseline in urban scenario especially taking into account the low speed (15 km/h) and high vehicle density.

· The PSCCH shows better performance than PSSCH.
· The co-channel and IBE interference effects are the major limiting factors in considered urban dense scenario.

4.2 Reduced PSCCH/PSSCH Period

The existing PSCCH/PSSCH channels are based on the physical resource pool periodicity. The PSCCH/PSSCH pools of preconfigured duration are periodically repeated in time. These pools structures are common to all UEs. The periodicity of the pool configuration is configurable (40/80/160/320) ms. As a result the latency of the transmission is bounded by the waiting time to the next PSCCH cycle occurrence. In order to reduce the latency the reduced PSCCH/PSSCH periods may be configured (e.g. 5 / 10 / 20ms) as shown in Figure 3.
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Figure 3: Reduced PSCCH/PSSCH period.

As a further enhancement, it may be desirable to decouple the resource allocation periodicity (allocation of PSCCH/PSSCH resources) from the UE transmission cycle (since those a coupled in R.12). If resource periodicity and transmission cycle are decoupled, the UE may access PSCCH resources at every PSCCH resource occurrence once packet arrives, so that UE can transmit at the subsequent PSSCH resource within a preconfigured “logical” PSSCH cycle that will determine time interval for UE transmission. This resource configuration option will remove pool boundary effect for transmission, improve latency and randomization within transmission cycles of different UEs. In this case, the UE transmission start time for PSCCH and PSSCH may be randomized over all available time resources. In order to enable this option the logical transmission cycles for PSCCH and PSSCH may be defined.
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Figure 4: Boundary-less PSCCH/PSSCH resource allocation with UE specific transmission cycles
4.3 Reduced TTI (Finer Time Granularity)
The reduced TTI time may be achieved either using slot based operation or through LTE numerology change, e.g. using 0.5ms TTI and 30kHz subcarrier spacing (instead of legacy 1 ms TTI and 15 kHz subcarrier spacing). The reduced TTI time will provide more transmission opportunities within fixed time interval and thus is more beneficial from system performance perspective (half-duplex and in-band emission effects).
Figure 6 shows results for the PSCCH/PSSCH performance for the following cases assuming 40ms SCI period:
· PSSCH/PSSCH 8/32 (40TTIs); T-RPT (N = 32, k = 4); 15 kHz / 1 ms; QPSK; 12 PRBs; 4 TTIs.
· PSSCH/PSSCH 16/64 (80TTIs); T-RPT (N = 64, k = 4); 30 kHz / 0.5 ms; QPSK; 12 PRBs; 4 TTIs.
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Figure 5: 15kHz/1ms vs. 30kHz / 0.5ms resource allocation
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	Figure 6: PRR Analysis of Reduced TTI Time (15kHz/1ms vs. 30kHz/0.5ms)


Observation 3
· The reduced TTI to 0.5 ms provides additional performance improvement relative to enhanced PSCCH/PSSCH framework utilizing TTI of 1 ms.

· The slot-based operation or changed numerology (to reduce TTI) are beneficial for V2V operation and provide better PRR performance independently of the used resource allocation option.

· The PRR performance with 4 TTI and QPSK modulation is not sufficient in dense scenario and may be improved if higher order modulations, reduced resource granularity (amount of PRBs and TTIs per MAC PDU) are used.
4.4 Adaptive Resource Granularity and MCS

In congested environment, the resource granularity and MCS level may be adjusted to accommodate more UEs transmitting and thus reduce the impact of co-channel and/or in-band emission interference. In this section, we provide the additional analysis to capture the effect from adjusted resource and MCS granularity. In particular, we analyze the following options:

· PSSCH/PSSCH 8/32 (40TTIs); T-RPT (N = 32, k = 4); 15 kHz / 1 ms; QPSK; 12 PRBs; 4 TTIs.

· PSSCH/PSSCH 8/32 (40TTIs); T-RPT (N = 32, k = 4); 15 kHz / 1 ms; QPSK; 12 PRBs; 2 TTIs.

· PSSCH/PSSCH 8/32 (40TTIs); T-RPT (N = 32, k = 4); 15 kHz / 1 ms; 16QAM; 6 PRBs; 4 TTIs.

· PSSCH/PSSCH 8/32 (40TTIs); T-RPT (N = 32, k = 4); 15 kHz / 1 ms; 16QAM; 6 PRBs; 2 TTIs.

· PSSCH/PSSCH 16/64 (80TTIs); T-RPT (N = 64, k = 4); 30 kHz / 0.5 ms; QPSK; 12 PRBs; 4 TTIs.

· PSSCH/PSSCH 16/64 (80TTIs); T-RPT (N = 64, k = 4); 30 kHz / 0.5 ms; QPSK; 12 PRBs; 2 TTIs.

· PSSCH/PSSCH 16/64 (80TTIs); T-RPT (N = 64, k = 4); 30 kHz / 0.5 ms; 16-QAM; 6 PRBs; 4 TTIs.

· PSSCH/PSSCH 16/64 (80TTIs); T-RPT (N = 64, k = 4); 30 kHz / 0.5 ms; 16-QAM; 6 PRBs; 2 TTIs.
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	Figure 7: Analysis of Adaptive Resource Granularity and MCS


Observation 4
· The reduced TTI to 0.5 ms provides incremental performance improvement relative to enhanced PSCCH/PSSCH framework utilizing TTI of 1 ms with adaptive MCS and frequency resource granularity control.

Given that the inband emission is a limiting factor it may be recommended to further discuss with RAN4 WG if more stringent requirements can be assumed for vehicular services.
4.5 TX Power Control

The mechanisms of randomized TX power variation may require further studies similar as it was done for discovery framework in LTE Rel.12 in order to check if gains can be shown by random silencing, however those enhancements may need to be discussed jointly with resource allocation scheme.
4.6 Geo Based Resource Allocation
The mechanisms of resource allocation based on geographical location may be considered. The spatial reuse may provide improved performance and reduced sensitivity to in-band emission effects. In the following analysis we assume, that UEs located on the parallel streets use one set of resources which are TDM'ed with the resources assigned to UEs on the intersecting streets (i.e. different PSCCH/PSSCH time intervals used by UEs on the streets from North-to-South and from East-to-West). The results are shown in Figure 8 for the following scenarios:
· PSSCH/PSSCH 8/32 (40TTIs); T-RPT (N = 32, k = 4); 15 kHz / 1 ms; 16QAM; 6 PRBs; 2 TTIs.

· PSSCH/PSSCH 8/32 (40TTIs); T-RPT (N = 32, k = 4); 15 kHz / 1 ms; 16QAM; 6 PRBs; 2 TTIs, geographical PSCCH/PSSCH allocation.

· PSSCH/PSSCH 16/64 (80TTIs); T-RPT (N = 64, k = 4); 30 kHz / 0.5 ms; 16-QAM; 6 PRBs; 2 TTIs.

· PSSCH/PSSCH 16/64 (80TTIs); T-RPT (N = 64, k = 4); 30 kHz / 0.5 ms; 16-QAM; 6 PRBs; 2 TTIs, geographical PSCCH/PSSCH allocation.
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Figure 8: Analysis of geo based resource allocation schemes.

Observation 5
· The orthogonalization of resources based on geographical location may further improve performance and should be further studied.

5 Congestion Control

The considered Urban vehicular environment is highly congested that degrades the V2V communication performance. In general, the cross-layer optimization techniques may be applied in order to control transmission settings of the vehicle such as for example the periodicity of transmission, packet size/content, the resource allocation granularity, if congestion is detected. The congestion control techniques may operate autonomously or with help of network assistance using geo-casting principles. The techniques to control the congestion environment should be further studied in RAN1.
Observation 6
· Further analysis of congestion control, cross-layer optimization techniques and their impact on overall system performance is needed.

6 Conclusions

In this contribution, we provided initial system level studies of V2V performance in urban scenario for 15 km/h vehicle speed (dense scenario). Our analysis shows that in this scenario there is no link budget limitations for 100 m effective range when the Rel.12 sidelink resource allocation is used. We observed that the PRR performance may be improved if additional T-RPT randomization is applied. In addition, the finer time granularity further helps to improve performance independently of the used resource allocation option. The mechanisms of congestion control, adaptive MCS and resource granularity as well as geo based resource allocation have also shown performance improvement and needs to be further studied. Based on the results we propose to capture the analysis and identified enhancements options in the 3GPP TR.
Proposal 1
· Capture presented system level evaluation results, observations and design enhancements in the 3GPP TR.
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8 Appendix A: System Level Evaluation Assumptions

In this section, we provide summary of system level simulation assumptions used for V2V evaluation in urban scenario.

Table 1: Summary of system level evaluation assumptions
	Parameter
	Value

	Deployment Scenarios
	Urban

Dense - 2.5 sec * absolute vehicle speed 15 kmph

	Channel model
	According to the agreed evaluation methodology in [2]

	Traffic model
	190 bytes every 100ms

	Bandwidth
	10 MHz for both PSCCH and PSSCH
15 kHz – 50 PRBs / 1ms TTI
30 kHz – 25 PRBs / 0.5 ms TTI

	Modulation and Transport Block Size
	· Transport block sizes

· 1520 bits (190 bytes) 

· Packet size 190 bytes

· QPSK: 12 PRBs (code rate ~ 0.59 per TTI)

· 16 QAM: 6 PRBs (code rate ~ 0.54 per TTI)

	Evaluation modes
	Co-channel interference + in-band emission + half-duplex (CI+IBE+HD)

	Number of TTI per PDU
	4 TTIs as a baseline,

2 and 1 TTIs if explicitly indicated

	Numerology
	15 kHz subcarrier spacing with 1 ms TTI (baseline)
30 kHz subcarrier spacing with 0.5ms TTI (new numerology)

	Frequency hopping
	Enabled
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