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1 Introduction

At the RAN1 WG Meeting #84, the resource pool aspects for PC5 V2V communication were discussed. In this contribution, we provide our views on enhancements related to resource pool design for PC5 V2V communication, taking into account the following agreements made at the previous RAN1 WG meeting:
· For V2V communication on the PC5 interface:

· Option 1: Transmission of SA and its associated data on same subframe is supported

· This does not preclude SA and its associated data transmission in different subframes

· FFS other details

· Option 2: Each SA transmission precedes all of its associated data transmissions.

· FFS the timing relation between SA and its associated data

· FFS which option(s) to support for which type of traffic/resource allocation

· UE is not required to decode data that are transmitted before the subframe containing the successfully decoded associated SA.

· Further restrictions on number of PSCCH and PSSCH to be decoded in a subframe shall be considered

· Details FFS

Our views on other aspects of V2V/V2X communication performance are provided in our companion contributions [4]-[13].
2 On Resource Pool Enhancements
The LTE Rel.12 configuration of PSCCH and PSSCH resource pools may be enhanced in application to PC5 V2V communication. The enhancements can be considered to address the time-critical nature of road-safety communication as well as PC5 sensing for resource selection and support of the geo-based transmission schemes that have been shown to be advantageous for more reliable PC5 V2V communication performance [3], especially in combination with PC5 based sensing techniques [7].
In addition, the support of priority handling and differentiation of periodic and event-triggered traffic may be considered. However, the Rel.13 mechanisms for priority handling based on association of priority level with certain resource pools may not be effective due to potential resource wastage, since the distribution of traffic priorities may not be known in advance and thus more dynamic mechanisms as described in [10] can be considered instead. In addition, the association of different resource pools with different types of traffic seems also not a desirable option since it is difficult to predict the proportion of each traffic type (most likely the periodic traffic is a dominant one). Therefore any additional enhancements of semi-static resource allocation for handling traffic priority or for differentiation of traffic type (e.g. periodic or event triggered) is not needed from system perspective and resource spectrum efficiency considerations.

Proposal 1
· Do not differentiate resource pools based on V2V traffic types (periodic or even-triggered).
· Consider more dynamic mechanism for priority handling, if it is agreed to support priority for V2V communication.
· Introduce enhancements of PSCCH and PSSCH resource pool configuration to reduce waiting time for transmission, taking into account sensing details for PC5 resource (re)-selection and support of geo-based transmission schemes.
In the next section, we discuss relevant enhancements for different options of PSCCH and PSSCH resource pool configurations considered in the V2V work item.
3 TDM of PSCCH and PSSCH Pools
The TDM between PSCCH and PSSCH pools/resources is a valid design option defined in LTE Rel.12. This option should be also supported and enhanced for PC5 V2V communication. There are several benefits of using TDM between PSCCH and PSSCH resources:
· No mutual impact between PSCCH/PSSCH

· In this case there is no mutual impact between PSCCH and PSSCH (both co-channel and in-band emission). Each channel performance can be optimized independently and jointly with UE sensing procedure.
· No power sharing between PSCCH/PSSCH

· The PSCCH performance can benefit from PSD boosting and therefore the longer PSCCH range can be enabled. The PSCCH communication range is important for V2V communication, since distant transmitters can be detected and therefore the probability of resource collision may be reduced improving overall V2V performance.
· Reduced probability of PSSCH collisions

· The collision on PSSCH resources can be detected by PSCCH processing and avoided.

· Reduced probability of PSCCH collisions
· The PSCCH performance can be improved if semi-persistent resource allocation is applied. In this case the amount of PSCCH transmissions decreases and therefore the interference environment on PSCCH resources may be less congested improving the PSCCH performance and overall V2V communication performance.
Motivated by the mentioned above performance advantages, we propose several enhancements for TDM of PSCCH and PSSCH resources aiming to improve the following aspects: 1) reduce access time to control channel resources, 2) enhance resource selection capabilities and 3) reduce sensitivity to in-band emissions and half-duplex effects.

In particular, we suggest to enable the following set of enhancements:

· Decouple configuration of PSCCH and PSSCH pools.

· In Rel.12, the PSCCH and PSSCH resource pools are defined within the same SCI period (PSCCH period). As a result, the UE transmitting SCI in a given PSCCH pool is restricted to transmit data in associated PSSCH pool within the same SCI period (PSCCH period). This configuration puts certain constraints on latency (waiting time to access resources) or resource selection.
· Reduce period of PSCCH resource allocation (decrease waiting time to access PSCCH).
· In general this enhancement may not require configuration changes given that PSCCH resources are configured by subframe bitmap that may already allocate very frequent PSCCH occurrence. However the pool relationship of PSCCH and PSSCH resources within SCI period (PSCCH period) needs to be changed.
· Support of UE specific transmission intervals/cycles within allocated PSCCH/PSSCH resources.
· Parameters of UE-specific transmission interval/cycle can be pre-configured or signaled and indicate the maximum time interval, when UE is supposed to transmit data on PSSCH resources. Note that this does not preclude the semi-persistent periodic allocation of multiple transmission cycles by single UE.
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Figure 1: UE specific transmission intervals/cycles for PSCCH/PSSCH transmissions
Proposal 2
· Remove notion of the associated PSCCH and PSSCH pools defined within common SCI period (i.e. remove common pool boundaries).
· Separately configure PSCCH and PSSCH resources.
· FFS if current PSCCH/PSSCH resource configuration signaling is reused.
· Support UE specific transmission intervals/cycles for transmissions on configured set of PSCCH and PSSCH resources.
· Configuration parameters of UE specific transmission intervals for PSCCH and PSSCH are pre-configured or signaled by eNB (e.g. duration of UE specific transmission interval/cycle, e.g.40 ms).
The PSCCH and PSSCH timing relationship can be derived assuming pre-configured transmission interval, timing instance of SCI transmission and SCI content.
If legacy PSCCH and PSSCH pool configuration is preserved, the additional SCI period values should be introduced e.g. 10, 20, 25, 50 ms in order to align the resource configuration with V2V traffic periodicity and facilitate support of geo-based transmission schemes based on spatial reuse of time-frequency resources.
Proposal 3
· Define additional SCI period values (10, 20, 25, 50 ms) for legacy PSCCH/PSSCH pool configurations.

4 FDM of PSCCH and PSSCH Pools

4.1 FDM of PSCCH and PSSCH from UE Perspective
The support of PSCCH and PSSCH transmission in the same subframe is one of the open questions left from the previous meeting. There are several motivating factors to consider such enhancements of SCI physical structure for PC5 V2V communication:

· Reduced number of V2V transmission instances per single V2V packet, and therefore potentially reduced congestion of spectrum resources in time.

· Reduced latency – ability to transmit control signaling and V2V message in the same subframe (1 ms).

· Aligned collision probability– the interference and half-duplex collisions are aligned PSCCH and PSSCH. The sensing based operation may benefit both the PSCCH and PSSCH channels if resources of both channels are associated.
· Support of geo-based transmission schemes – the same subframe transmissions may benefit geo-based transmission schemes and collision avoidance by allowing more flexible resource configuration without latency violation.


[image: image2.emf]PSCCH UE

1

PSSCH UE

1

PSCCH UE

2

PSSCH UE

2

PSCCH Resource PSSCH Resource


Figure 2: FDM of PSCCH and PSSCH from single UE perspective (same subframe FDM-SSF)
On the other hand, the FDM multiplexing from the single UE perspective has several drawbacks and there are several challenges that require further study and need to be addressed by RAN1 and RAN4 WGs:
· The legacy PSCCH hopping and retransmission combining may need to be reconsidered.

· The PSCCH and PSSCH power sharing will significantly reduce SCI coverage that may negatively impact sensing based collision avoidance relying on SCI decoding.

· Receiver complexity. The decoding of control and data in the same subframe may imply high receiver complexity and energy consumption.

· The challenges to detect resource collision when same resources are selected by the UEs.
· The level of in-band and out-of-band emissions may increase significantly. According to current RAN4 RF requirements, up to 8 dB of MPR is needed in case of two cluster discontinuous transmission in the same subframe.
· The PSCCH protection from parallel PSSCH transmissions of other UEs is needed and therefore even if FDM from single user perspective is considered it should be applied jointly with FDM between PSCCH and PSSCH resources (i.e. orthogonal frequency resources should be used). In other words the support of orthogonal (from system perspective) PSCCH and PSSCH resources should be further considered, if PSCCH and PSSCH transmissions are allowed in the same subframe.
4.2 FDM of PSCCH and PSSCH from System Perspective

The FDM between PSCCH and PSSCH from system perspective was considered as another design option that can provide the following benefits:
· Reduced latency
· Reduced latency for packet delivery can be achieved if UE can access PSCCH resources more frequently;

· No PSCCH and PSSCH power sharing

· Similar to TDM resource allocation option, the PSCCH performance can benefit from PSD boosting and therefore the longer PSCCH range can be enabled. The PSCCH communication range is important for V2V communication, since distant transmitters can be detected and therefore the probability of resource collision may be reduced improving overall V2V performance.

· PSSCH collision detection

· The PSSCH collision can be detected by PSCCH processing;
· PSCCH collision detection

· The PSCCH performance can be improved if semi-persistent resource allocation is applied
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Figure 3: FDM of PSCCH and PSSCH from system perspective
The main disadvantage of PSCCH and PSSCH frequency division multiplexing from system perspective is the potential mutual impact of PSCCH and PSSCH transmissions. In particular, the PSCCH transmission indicating semi-persistent allocation may suffer from in-band emission of PSSCH transmissions and vice-versa. It means that receiver may fail to receive PSCCH transmissions from distant transmitters and thus loose information about occupied resources. Another drawback of this option is the increased amount of transmission instances from single UE perspective since it needs to transmit PSCCH and PSSCH on different subframes and thus mutual impact in terms of in-band emission can be expected.
However, given that same subframe transmission from single UE perspective requires the higher MPR value (up to 8 dB) the FDM from system perspective may be more appropriate solution and can be implemented by proper configuration of multiple PSCCH and PSSCH.

In case of FDM of PSCCH and PSSCH from system perspective, the existing timing relationship defined by PSCCH and PSSCH pool can be reused. However, the similar enhancements as proposed for TDM of PSCCH and PSSCH pools can be considered and therefore transmission timing may be dependent on pre-configured transmission interval, timing instance of SCI transmission and SCI content.
4.3 Enhancements for FDM of PSCCH and PSSCH

Irrespective of FDM multiplexing option, the similar enhancements as were proposed for resource allocation based on TDM of PSCCH and PSSCH can be supported for FDM. In particular, the UE specific transmission intervals/cycles should be considered so that there is no common pool boundaries constraints within overall PSCCH and PSSCH resources.
5 Analysis of Different Resource Pool Configuration Options
In this section, the system level analysis of the following resource pool configurations is presented assuming identical amount of PSCCH and PSSCH resources. For analysis, we used sensing Option 3 as described in our companion contribution [8]. The following resource pool configurations were analyzed:
· TDM { PSCCH 10 SFs/50 PRBs, 40 SFs/50 PRBs PSSCH};
· TDM { PSCCH 1 SF/50 PRBs, 4 SFs / 50 PRBs PSSCH}, PSSCH UE specific transmission cycle over 40 ms;
· FDM-SSF (non-adjacent) with and without 6 dB power backoff to reflect the MPR {10 PRBs for PSCCH and 40 PRBs for PSSCH}, PSSCH UE specific transmission cycle 50 ms.
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	Figure 4: Sensing performance for different resource pool configurations


Observation 1
· The resource allocation option based on TDM of PSCCH and PSSCH and UE specific transmission intervals provides improved performance over legacy PSCCH and PSSCH pool configuration and thus needs to be supported.
· The FDM of PSCCH and PSSCH from single UE perspective requires additional MPR that may degrade overall V2V system performance.
Proposal 4
· Send LS to RAN4 WG to clarify the required MPR values for clustered FDM transmission of PSCCH and PSSCH in the same subframe.

6 Conclusions
In this contribution, we discussed enhancement of PSCCH and PSSCH resource pool configurations. According to our analysis the existing approach of TDM between PSCCH and PSSCH provides similar performance as the options based on FDM of PSCCH and PSSCH pools. In summary, we have the following list of proposals:
Proposal 1

· Do not differentiate resource pools based on V2V traffic types (periodic or even-triggered).
· Consider more dynamic mechanism for priority handling, if it is agreed to support priority for V2V communication.
· Introduce enhancements of PSCCH and PSSCH resource pool configuration to reduce waiting time for transmission, taking into account sensing details for PC5 resource (re)-selection and support of geo-based transmission schemes.
Proposal 2

· Remove notion of the associated PSCCH and PSSCH pools defined within common SCI period (i.e. remove common pool boundaries).

· Separately configure PSCCH and PSSCH resources.

· FFS if current PSCCH/PSSCH resource configuration signaling is reused.
· Support UE specific transmission intervals/cycles for transmissions on configured set of PSCCH and PSSCH resources.
· Configuration parameters of UE specific transmission intervals for PSCCH and PSSCH are pre-configured or signaled by eNB (e.g. duration of UE specific transmission interval/cycle, e.g.40 ms).
Proposal 3

· Define additional SCI period values (10, 20, 25, 50 ms) for legacy PSCCH/PSSCH pool configurations.
Proposal 4

· Send LS to RAN4 WG to clarify the required MPR values for clustered FDM transmission of PSCCH and PSSCH in the same subframe.
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8 Appendix A: Summary of Evaluation Assumptions
In this section, we provide summary of system level simulation assumptions used for V2V evaluation in this contribution.

Table 1: Summary of system level evaluation assumptions
	Parameter
	Value

	Deployment Scenarios
	Freeway road:

Dense: average inter-vehicular distance = 2.5 sec · absolute vehicle speed 70 km/h

Urban:

Sparse: average inter-vehicular distance = 2.5 sec · absolute vehicle speed 60 km/h

	Channel model
	According to the agreed evaluation methodology in [14]

	Traffic model
	Periodic traffic model according to [14] with randomized initial arrival time

· 190 bytes every 100 ms (four consecutive packets)

· 300 bytes every 500 ms (every 5th packet)

	Bandwidth
	10 MHz / 50 PRBs for PSCCH and PSSCH

	Modulation and Transport Block Size


	· Packet size - 190 bytes

· TDM 10 PRBs (code rate ~ 0.8 per TTI), TBS 1544, MCS 9

· SSF: 9 PRBs (code rate ~ 0.89 per TTI), TBS 1544, MCS 10

· Packet size - 300 bytes

· TDM: 10 PRBs (code rate ~ 0.66 per TTI) , TBS 2536, MCS 14

· SSF: 9 PRBs (code rate ~ 0.75 per TTI), TBS 2600, MCS 15

	Evaluation modes
	Co-channel interference + in-band emission + half-duplex are taken into account

PSCCH & PSSCH

	Number of TTI per PDU
	1 TTIs 

	# DMRSs per subframe
	15 kHz (1ms TTI): 4 DMRSs (for improved demodulation)

	Frequency hopping
	Enabled
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