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1 Introduction

At the RAN1 WG Meeting #84bis, 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:
· When SA and the associated data are transmitted in the same TTI, they can be transmitted in non-adjacent RBs.

· Working assumption: In V2V, SA resource and data resource are always FDMed from system perspective.
· If significant issues are found, can consider further supporting TDM.
· A data pool is always associated with an SA pool.

· An RB of an SA pool in a TTI cannot be included in the associated data pool.

· An RB of an SA pool in a TTI cannot be included in another SA pool (if exists).

· Working assumption: At least an RB of a data pool in a TTI can be included in another data pool (if exists).

· An RB of an SA pool in a TTI cannot be included an un-associated data pool (if exists)

· The following two cases are supported:

· SA and the associated data are transmitted in the same TTI

· SA and the associated data are transmitted in different TTIs
· The scheduling timing between SA and associated data is variable

· In UE-autonomous resource selection mode, the timing is chosen by the transmitting UE from a configurable range

· In eNB-scheduling mode, the timing is determined by eNB

· SA includes information about the scheduling timing

In this contribution, we discuss support of different resource allocation modes, provide comparative analysis for them and suggest enhancements that can be considered for PC5 based V2V communication.
2 General V2V Resource Allocation 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 [12].

In addition, the support of 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 can be considered as described in [7].

Proposal 1
· Introduce enhancements of PSCCH and PSSCH resource pool configuration to reduce waiting time for transmission, simplify sensing 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 On TDM vs FDM of PSCCH and PSSCH

At the last RAN1 WG meeting, it was discussed whether TDM of PSCCH and PSSCH pools should be supported, while a working agreement was set on FDM of PSCCH and PSSCH (either from system or UE perspective). In this section, we argue that TDM is also beneficial and may provide improved overall performance, especially in sparse deployment scenarios. The TDM resource allocation option in combination with semi-persistent transmission always reduces loading on PSCCH resources and thus PSCCH reception may be more reliable that allow to increase the number of detected transmitters and improve sensing with overall V2V PRR performance. This effect is illustrated below (see Figure 1) by system level simulation analysis of two resource allocation options:

· Multiplexing: TDM; FDM (from system perspective);
· TDM pool: PSCCH (10 SFs, 50PRBs) PSSCH (40SFs, 50PRBs)

· FDM pool: PSCCH (5x10 SFs, 10PRBs) PSSCH (40SFs, 40PRBs)
· SPS mode (500ms interval): With and without semi-persistent transmission for SCI;
· Non-semi-persistent: 1 SCI transmission (composed from 2 TTIs) per TB

· Semi-persistent: 1 SCI (composed from 2 TTIs) per SPS process (5 TBs)
· Deployment scenario: Freeway 70 km/h;
· Separate performance results are provided for SCI Only, SCI + Data.
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Figure 1: Comparative analysis of different resource allocation options
Based on the presented results, we observe that the overall performance of SCI + Data in FDM mode is worse than for TDM when no SPS transmissions is applied to SCI. At the same time, SCI only performance for the same case is better for FDM. When SPS is applied for SCI transmission, the performance of SCI in TDM mode improves dramatically, that can be explained by reduced IBE and half-duplex problem on SPS resources. In addition, the overall SCI + Data performance improves and becomes identical for both FDM and TDM modes. This leads us to the conclusion that in case of FDM w/o SPS transmission for SCI, the data performance suffers from mutual impact between PSCCH and PSSCH caused by in-band emissions and half-duplex constraints. Therefore, in our view there is no motivation to artificially preclude TDM option, given that it may provide improved performance. Moreover, it was agreed to support TDM of PSCCH and PSSCH from user perspective (i.e. FDM from system perspective). Assuming that sensing procedure may be transparent to resource allocation option, we propose to support TDM resource allocation option.

Proposal 2
· Support TDM resource allocation of PSCCH and PSSCH resources.

· Sensing procedure is transparent to resource allocation option.

4 Discussion on Support of Multiple Pools

At the last RAN1 WG meeting, the support of multiple PSCCH and PSSCH pools was discussed. It was agreed that PRBs of PSCCH pool do not overlap with PRBs of any other PSCCH/PSSCH pool(s), if support of multiple pools is agreed, while PRBs of different PSSCH pools may overlap. In other words PSCCH transmissions are protected from PSSCH co-channel interference, which is important for more reliable PSCCH decoding and sensing procedure.

As for support of multiple pools, we do not see much motivation to support many pools for V2V communication. At least for PSSCH resources, there seems no strong justification especially considering more dynamic support of priority mechanisms as discussed in [7]. Therefore in our view instead of configuring multiple pool configurations for PSCCH and PSSCH, it makes sense to more efficiently utilize spectrum resources for PSCCH and PSSCH transmissions. In addition, it needs to be discussed whether the periodical pool structure is needed for PSCCH and PSSCH resources. The main motivation to have a pool structure is to support retransmission combining. However, given that sensing operation is agreed, the UE should be able to select the best resource(s) that may not be known in advance. Therefore, the semi-statically configured pool structure with common pool boundaries across UEs and predefined retransmission locations may have limited technical benefits. In order to extract performance advantages from resource allocation enhancements, we propose several enhancements of PSCCH and PSSCH resource configuration 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 order to achieve this, we propose to remove common SCI period associating PSCCH and PSSCH pools and to adopt UE-specific transmission windows for PSCCH and PSSCH, including transmission window period and semi-persistent resource allocation window [7].
Proposal 3
· Remove notion of SCI period that is common across UEs and defines strict timing relationship between PSCCH and PSSCH transmission within SCI period.

· Separately configure PSCCH and PSSCH resources.

· FFS if Rel.12 PSCCH/PSSCH resource configuration signaling is reused.

· Support UE specific transmission windows on configured set of PSCCH and PSSCH resources.

· Single set/pool of resources is used for PSSCH (which does not overlap with PSCCH resources)
· FFS if multiple PSCCH pools are supported.

If it is deemed necessary to support combining of PSCCH retransmissions then PSCCH pool structure with common pool boundary across UEs may be defined. In this case, the Rel.12 PSCCH pool configuration may be considered with additional enhancements. For that scenario, the PSCCH resource selection may be random and decoupled from PSSCH resource or associated with PSSCH resources. The timing relationship between PSCCH and PSSCH resource may be determined by SCI processing.
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 4
· In case if legacy pool configurations are reused, the additional SCI period values (10, 20, 25, 50 ms) are defined.

5 PSCCH and PSSCH Resource Allocation Options
The RAN1 WG agreed to support at least two resource allocation options for sidelink V2V communication:

· FDM of PSCCH and PSSCH in the same subframe from single transmitter perspective (FDM-SSF).
· FDM of PSCCH and PSSCH in the same subframe from system perspective (i.e. TDM from single UE perspective).
In the next sections, we discuss pros and cons of two allocation modes.
5.1 FDM of PSCCH/PSSCH in Same Subframe

One of the drawbacks of FDM-SSF option is a varying coverage range of PSCCH transmission that depends on the allocated bandwidth for PSSCH that may create different communication ranges of PSCCH. The unequal communication range for PSCCH transmissions from different UEs may not be desirable from sensing perspective. 
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Figure 2: FDM of PSCCH and PSSCH from single UE perspective (same subframe FDM-SSF)
In this section, we briefly study PSCCH link budget performance of FDM-SSF resource allocation option in Urban scenario and observe that there is a link budget limitation if 1PRB allocation is assumed for PSCCH and 9 PRBs for PSSCH. Therefore the benefits of FDM-SSF options are somewhat limited and may be seen only in interference limited scenarios only.
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Figure 3: PSCCH performance under interference free scenarios (1TTI / 1PRB per SCI)
Observation 1
· FDM-SSF option has PSCCH link budget limitations in Urban scenario, even w/o taking into account MPR.

· FDM-SSF option with variable PSCCH communication range may impact sensing and resource selection procedure affecting its performance.

· FDM-SSF may be advantageous in dense interference limited scenarios due to reduced number of UE transmissions time instances per transport block.

· FDM-SSF may simplify implementation of geo-based transmission schemes (association of spectrum resources with geo-information).
5.2 FDM of PSCCH/PSSCH from System Perspective

The main benefits of PSCCH/PSSCH FDM from system perspective (see Figure 4) are the same communication range of PSCCH transmission (since it does not depend on PSSCH transmission bandwidth due to multiplexing in time) and increased PSCCH coverage (see Figure 3). On the other hand, the potential drawback is the increased number of transmission instances from single UE perspective that increases the IBE and HD effects.
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Figure 4: FDM of PSCCH and PSSCH from system perspective

Therefore the main benefit of this resource allocation option may be expected for sparse or mid-dense scenarios. 

5.3 On FDM of PSCCH/PSSCH

In summary, comparing different resource allocation options, we do see the pros and cons of each of them as discussed above. In general, all of the considered options may be supported by common signaling and resource configuration framework. For instance, the UE specific transmission windows, transmission window periods and semi-persistent resource allocation windows can be introduced jointly with multiple UE specific sps-processes as discussed in [4]-[7], the both options can provide good flexibility in terms of resource selection at the UE side.
Proposal 5
· The UE specific access to PSCCH and PSSCH resources is supported using SPS processes.
In order to support the mapping of geo-information to spectrum resources the PSCCH and PSSCH time intervals can be used to support geo-based transmission schemes, rather mapping to different pools.

6 Adaptation of Resource Allocation Mode
Based on the discussion and analysis in the previous sections, we observe that FDM-SSF resource allocation option may be beneficial for congested scenarios only, where communication range is limited by interference. The advantages of FDM resource allocation option are clearly seen in low/mid-congested scenarios, where communication range is not limited by interference. Given the pros and cons of each approach, it may be possible to adaptively switch between two resource allocation modes. In particular, if radio-environment is congested, the FDM-SSF mode can be used while in non-congested scenario, the FDM from system perspective can be utilized.

Proposal 6
· RAN1 to consider long-term adaptation mechanism of the resource allocation mode used by transmitter based on radio-environment conditions configured by higher layers (conditions are FFS).

7 Conclusion

In this contribution, we discussed resource allocation aspects for V2V communication. In order to extract additional performance benefits from resource allocation, we propose several enhancements of PSCCH and PSSCH resource configuration 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 addition, we believe that single pool of PSCCH and PSSCH resources may be sufficient for V2V communication and more beneficial for sensing operation, especially if the principle of UE specific transmission windows is agreed. Finally, we suggest to consider long term adaptation mechanism between two FDM multiplexing options discussed in this contribution.
Proposal 1
· Introduce enhancements of PSCCH and PSSCH resource pool configuration to reduce waiting time for transmission, simplify sensing for PC5 resource (re)-selection and support of geo-based transmission schemes.
Proposal 2

· Support TDM resource allocation of PSCCH and PSSCH resources.

· Sensing procedure is transparent to resource allocation option.
Proposal 3

· Remove notion of SCI period that is common across UEs and defines strict timing relationship between PSCCH and PSSCH transmission within SCI period.

· Separately configure PSCCH and PSSCH resources.

· FFS if Rel.12 PSCCH/PSSCH resource configuration signaling is reused.

· Support UE specific transmission windows on configured set of PSCCH and PSSCH resources.

· Single set/pool of resources is used for PSSCH (which does not overlap with PSCCH resources)

· FFS if multiple PSCCH pools are supported.
Proposal 4

· In case if legacy pool configurations are reused, the additional SCI period values (10, 20, 25, 50 ms) are defined.
Proposal 5

· The UE specific access to PSCCH and PSSCH resources is supported using SPS processes.
Proposal 6

· RAN1 to consider long-term adaptation mechanism of the resource allocation mode used by transmitter based on radio-environment conditions configured by higher layers (conditions are FFS).
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9 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

· FDM-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

· FDM-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)
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