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1 Introduction

At the TSG RAN1 Meeting #83, the scheduling assignments for PC5 V2V communication were discussed. In this contribution, we provide our views on physical structure and control information following the agreements:
Agreements on scheduling assignment:
· Each data transmission is scheduled by an SA. A UE knows at least time and frequency location of data transmission(s) after decoding the associated SA.

· FFS the indication is implicit, explicit, or both

· If SA and the associated data from a single transmitter is transmitted in different subframes:

· FFS details

· If SA and the associated data from a single transmitter are transmitted in the same subframe:

· FFS whether it is possible to support the case where data transmission in a subframe occurs without associated SA transmitted in the same subframe

· Alt 1: SA and Data are transmitted on separate physical channels (i.e., separated DFT precoding for SA and data):

· RAN1 assumes that RAN4 will study the proper transmission characteristics (e.g, MPR) to support this.

· FFS whether SA and data transmissions in the same subframe are always adjacent in the frequency domain.

· In case of separate channels, study whether SA pool and data pool are orthogonal or can overlap.

· Alt 2: A single DFT precoding applies to SA and data transmitted in the same subframe.

· The whole bandwidth is divided into one or multiple sub-channels. 

· The transmission bandwidth of SA/data is fixed to the bandwidth of a single sub-channel.

· Alt 3: SA and data are TDMed within one subframe.

· The transmission bandwidth of SA is fixed.

· Study the number of transmissions of a given TB

· Study the number of transmissions of a given SA

· FFS whether a single SA may schedule multiple TBs

· FFS whether the time/frequency resources of a given SA is independent of the time/frequency resources of the associated data

Our views on other aspects of V2V/V2X communication are provided in our companion contributions [5]-[9].
2 Motivation for SCI Modification
2.1 Same subframe SCI and data

The support of SCI and data 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 transmissions per single V2V packet, and therefore potentially reduced congestion of spectrum resources.
· Reduced latency – ability to transmit a V2V packet within 1 ms.
· Aligned collision probability– the interference and half-duplex collisions are aligned on SCI and data transmissions.

· Support of geo-based transmission schemes – the compact same subframe transmissions may benefit the geo-based collision avoidance schemes by allowing more flexible resource configuration without latency violation [6].
The potential challenges are as follows:

· The legacy PSCCH hopping rule and PSCCH retransmission combining mechanisms 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 (if supported), due to lower SCI coverage.

· Receiver complexity. The decoding of control and data in the same subframe may imply larger receiver complexity and energy consumption.
· In-band emission and PAPR of the clustered transmission. It needs to be further checked how it may affect in-band emission model given that the PAPR properties of the SC-FDM waveform are affected.
2.2 Semi-persistent Resource Allocation

Another control signaling aspect, that need to be considered for V2V communication is the support of semi-persistent resource allocation, i.e. allocation of resources for transmission of several transport blocks over multiple SCI periods. The SPS mechanism may be beneficial for:

· Sensing-based collision avoidance schemes (if introduced). If SPS is configured in the system, the interference environment may become more predictable since the transmission parameters and resources are not changed over sufficiently long period of time.
· Reduced PSCCH congestion. If the periodicity of SCI transmissions is reduced, then PSCCH decoding performance may improve due to reduced interference on PSCCH resources.
However, the semi-persistent resource allocation may have the following challenges:

· Relatively short SPS allocation intervals need to be considered due to potential change of PSSCH and PSCCH communication range caused by vehicle mobility.
· Variable traffic pattern for V2V services. The message size of V2V packets may change even if the periodicity is fixed (as per the agreed model for evaluations). Moreover, event-triggered packets may be generated with unknown arrival time and size. The SPS should be able to handle this potential difference in packet sizes and arrival times.

3 System Level Analysis

In this section, the benefits of the discussed above SCI signaling enhancements are analyzed by system level modeling. First, the benefits of the same subframe control and data signaling is analyzed. The SCI and data are transmitted according to the Alt. 1 summarized in the previous meeting [4]. The SCI and data are allocated in adjacent resource blocks with separate DFT precoding. The frequency allocation of data + SCI is fixed to 10 PRB so that 1 PRB is allocated to SCI and the remaining 9 PRBs are allocated for PSSCH. Since the transmission of both 190 and 300 bytes always takes 10 PRB, then the PSCCH and PSSCH resource pools do not overlap.
For analysis, a typical resource pool configuration with 8 PSCCH + 32 PSSCH subframes and 40 ms SCI period was used for evaluation of legacy configuration (TDM control and data: TDM-CD). The SCI period was applied for resource allocation option where same subframe is used for control and data transmission (SSF-CD). The considered schemes are shown in Figure 1.
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Figure 1. Resource configuration for same subframe data and control and TDM of data and control.
Additionally, in order to analyze benefits of SPS allocation, the both resource allocation schemes are with different SPS configurations: no-SPS, SPS 400 ms and SPS 800 ms.

	[image: image2.emf]0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

PRR

10

-2

10

-1

10

0

C

D

F

PRR 320m, Freeway 140 km/h

TDM, no SPS

TDM, SPS 400 ms

TDM, SPS 800 ms

SSF, no SPS

SSF, SPS 400 ms

SSF, SPS 800 ms


	[image: image3.emf]0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

PRR

10

-2

10

-1

10

0

C

D

F

PRR 320 m, Freeway 70 km/h

TDM, no SPS

TDM, SPS 400 ms

TDM, SPS 800 ms

SSF, no SPS

SSF, SPS 400 ms

SSF, SPS 800 ms



	Freeway 140 km/h
	Freeway 70 km/h

	[image: image4.emf]0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

PRR

10

-2

10

-1

10

0

C

D

F

PRR 150m, Urban 60 km/h

TDM, no SPS

TDM, SPS 400 ms

TDM, SPS 800 ms

SSF, no SPS

SSF, SPS 400 ms

SSF, SPS 800 ms



	Urban 60 km/h


Figure 2. Performance of TDM-CD and SSF-CD with and without SPS.

Observation 1
· The SSF-CD resource allocation option shows performance improvement over legacy TDM resource allocation scheme.

· The SPS provides noticeable gains in Freeway scenarios due to reduced PSCCH congestion, however does not show much benefits in sparse Urban scenario, where PRR performance is constrained by PSSCH.
4 V2V SCI Physical Structure
The performance analysis in the previous section shows, that both control signaling enhancements – same subframe transmission and semi-persistent scheduling – provide gains for the V2V packet reception ratio, and therefore in the subsequent sections we analyze specification aspects to support these enhancements.
4.1 Multiplexing of Control and Data

Resources configuration aspects
The common subframe bitmap may be configured for PSCCH and PSSCH resource pools to align control and data resources in time. As for the frequency resources configuration, two main options may be considered:
· Use the legacy Rel.12 resource pool configuration with separate configuration of the SCI and data frequency resources. The SCI and data in this case will likely to be transmitted in different parts of the spectrum. The different DFTs should be used in this case.
· Enhance the resource pool configuration such that SCI and data are always transmitted in adjacent resource blocks (as in Alt. 1 listed in [4]). This may simplify the signaling of PSSCH frequency allocation since the start PRB may be already known by association with SCI. In order to completely preserve the PAPR of the SC-FDM transmission, the SCI and data may be precoded by a single DFT. However, this may require additional considerations on configuring frequency channelization of data transmission in order to keep reasonable receive processing complexity.
Observation 2
· The enhanced resource pool configuration to restrict the SCI and data transmissions to adjacent resource blocks should be considered.
· Final decision on resource allocation approach should be made taking into account the RAN4 feedback on the in-band emission mask and PAPR properties of the resulting waveform.
The linkage between SCI and data may be used, e.g. the frequency position of the first transmission may be explicitly derived from the position of the successfully decoded SCI, and the position of the data retransmissions may be signaled by T-RPT and PRB allocation inside SCI format content as per legacy operation. The notion of SCI period may be kept as in Release 12 to reuse the hopping equations and T-RPT mapping rules which are defined for logical pools inside the SCI period.
DFT precoding

Another FFS aspect from the Study Item conclusions, is whether the same subframe transmission is organized using a single DFT for control and data or separated DFTs. The fact, that the V2V packets may have different size even in case of periodic traffic, leads to a design assumption that the frequency allocation of V2V transmission may vary over time to be aligned with current packet size and preserve optimal code rate. Thus, in case of single DFT precoding, a receiving UE may need to check multiple hypothesis of occupied transmission bandwidth in order to extract the control information for further data decoding. If the possible size of frequency allocation is restricted to a few values, then the reasonable complexity may be kept, however, the flexibility of resource allocation will be compromised.
Observation 3
· Separate DFT for control and data should be considered.

Combining and retransmission rules
The adjacent in frequency PSSCH and PSCCH transmission as discussed above, needs to deal with a new assumption on combining of SCI and data retransmissions. The combining of PSSCH redundancy versions may be done with help of control information carried by SCI similar to the legacy operation. However, the SCI transmission itself may not be able to follow the legacy hopping equation which allows chase combining of the SCI retransmissions. The following solutions may be applied in this case:

· Alternative 1. Do not assume SCI combining. The retransmissions of SCI may not be assumed to be combined. The redundant SCI transmissions may be used for resolving half-duplex and interference collisions. 
· Alternative 2. Introduce a hopping rule at least for the first two transmissions of PSCCH+PSSCH. This may allow to achieve partial combining (e.g. 2 TTIs) of SCI to improve SCI coverage. The position of the remaining data retransmissions may be signaled by SCI in order to be able to combine PSSCH redundancy versions.
· Alternative 3. Reuse the Rel.12 hopping procedure for SCI. This may be possible in case the PSSCH and PSCCH are transmitted in non-adjacent frequency resources.
Analyzing the alternatives above we have the following proposal:
Proposal 1

· The adjacent SCI and data transmissions with different DFT precoding is considered for V2V enhancements.
· The combining of PSSCH retransmissions follows the legacy D2D procedure assuming T-RPT and frequency hopping is signaled in SCI.

· Support of SCI combining is FFS.

4.2 Support of SPS

In order to support the SPS, the special pools structure may not be needed and the legacy pools may be reused. However, the additional configuration signaling from eNB to configure the SPS periods may be needed. Additionally, the SCI content may be extended with the specific SPS information as discussed in the next section.
5 V2V SCI Content
The support of SPS and same subframe control and data transmission may require changes in SCI content. The table below summarizes our view which SCI fields may be reused, which may be modified or removed and which fields need to be added.

Table 1. SCI content to support SPS and SSF-CD.

	Parameter
	Size
	Description
	Required or not

	Legacy SCI content

	MCS
	5 bits
	Modulation and coding scheme
	Required

	ITPT
	7 bits
	Index of T-RPT
	Required

	TA
	11 bits
	Timing advance
	Consider to remove for SSF-CD

	L1 Group Destination ID
	8 bits
	L1 identity
	Required

	RB Assignment
	5 to 13 bits
	Frequency allocation
	May be changed for SSF-CD

	FH Flag
	1 bit
	Frequency hopping flag
	Required

	New SCI content

	SPS info
	FFS
	The information to support SPS transmissions, i.e. a counter how many SCI periods the schedule is valid, an SPS process identity, etc. To support different transport block sizes, information about several sets of L1 parameters may be signaled, i.e. additional MCS, frequency allocation or ITRP.
	Required to support SPS

	Start index and number of TBs
	FFS
	Indication where in T-RPT the transport block transmission starts. This indication may be multiple of number of TTIs per transport block. If a UE knows the V2V traffic pattern, then it may signal how many MAC PDUs or transport blocks will be transmitted in a SCI period.
	May simplify receiver operation and reduce blind decodings

	RV
	2 bits
	Redundancy version.
	May be needed for the SSF-CD


Notes:

· The timing advance field is not needed for SSF-CD (whole transmission should be transmitted with one timing).

· The frequency allocation indication may be changed for SSF-CD if adjacent PSCCH+PSSCH transmission is applied. The start PRB index in this case is implicitly indicated by the successfully decoded SCI position.

· The SPS info may carry a counter e.g. the number of SCI periods the schedule is valid, an SPS process identity in case of parallel SPS processes. It also may carry additional sets of transmission parameters (additional MCS, frequency allocation or ITRP) in order to handle packets of different sizes during the SPS period.

· The start index and the number of transport blocks may be carried for accurate indication which subframes inside T-RPT will be used for MAC PDU transmission. This knowledge may simplify the receiver operation because of reduced number of blind decodings.
· The redundancy version may need to be carried if it cannot be implicitly derived from the subframe index.

One of the issues for support of SPS transmissions is that the claimed transmission parameters for a relatively long period may not suit for transmission of some packets, e.g. event-triggered traffic. To handle this situation, a new SCI with new transmission parameters may be sent. In general, multiple SPS processes for different packets sizes may be allocated (see Figure 3). Another option, is to modify the SCI content and place more than one set of transmission parameters to handle different sizes.
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Figure 3. Multiple SPS processes for V2V traffic.
Observation 4
· Consider the SCI content changes to support the same subframe control and data transmission and semi-persistent scheduling as proposed in the table above.
6 Conclusions
In this contribution, we discussed the potential enhancements to control signaling for PC5 based V2V communication and according to the analysis and discussion, we have the following observations and conclusions:
Observation 1

· The SSF-CD resource allocation option shows performance improvement over legacy TDM resource allocation scheme.

· The SPS provides noticeable gains in Freeway scenarios due to reduced PSCCH congestion, however does not show much benefits in sparse Urban scenario, where PRR performance is constrained by PSSCH.

Observation 2

· The enhanced resource pool configuration to restrict the SCI and data transmissions to adjacent resource blocks should be considered.

· Final decision on resource allocation approach should be made taking into account the RAN4 feedback on the in-band emission mask and PAPR properties of the resulting waveform.
Observation 3

· Separate DFT for control and data should be considered.
Observation 4

· Consider the SCI content changes to support the same subframe control and data transmission and semi-persistent scheduling as proposed in the table above.
Proposal 1

· The adjacent SCI and data transmissions with different DFT precoding is considered for V2V enhancements.

· The combining of PSSCH retransmissions follows the legacy D2D procedure assuming T-RPT and frequency hopping is signaled in SCI.

· Support of SCI combining is FFS.
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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 2: 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

Sparse: average inter-vehicular distance = 2.5 sec · absolute vehicle speed 140 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 [2]

	Traffic model
	Periodic traffic model according to [2] 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-CD: 10 PRBs (code rate ~ 0.8 per TTI), TBS 1544, MCS 9

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

· Packet size - 300 bytes

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

· SSF-CD: 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
	4 TTIs (baseline)

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

	Frequency hopping
	Enabled
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