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1 Introduction

In this contribution, we provide our views on physical structure and content of sidelink control information for V2V following the agreements made at the previous RAN1 WG meetings:
Agreements related to SCI from RAN1 #84

· Sensing with semi-persistent transmission is supported

· UE transmits PSSCH (when data is available) on a selected set of periodically occurring resources until a resource reselection occurs

· Other details are FFS

· For sidelink V2V communication mode-1, sidelink semi-persistent scheduling from the eNB is supported

· Sidelink semi-persistent scheduling means that the eNB allocates a set of periodically occurring resources for sidelink SA and data transmission.

· If the UE does not have data to transmit, UE does not transmit PSSCH

· FFS the details of signaling

· For V2V communication on the PC5 interface:

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

· 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

· SA pool and its associated data pool can be FDMed

· Channel coding and DFT precoding between PSCCH and PSSCH are separated

· Scheduling assignment of PSSCH is transmitted on PSCCH from this UE

· RB size of PSCCH is fixed in the specification.

· FFS contents of PSCCH

· Resource allocation/release process FFS, may be different than existing LTE SPS scheme
In addition the following working assumptions were made at the RAN1#85:
· 2 consecutive PRB pairs in a subframe are used for each PSCCH if the number of SA bits is less than 64 including CRC. The exact size of SA is FFS including the CRC size and could be larger than 64 bits.

· SCI explicitly includes priority information.

· FFS how this priority information is exactly transmitted in SCI.

In next sections, we discuss remaining opens of control signaling for V2V communication, while our views on other aspects of V2V/V2X communication are provided in our companion contributions [1]-[11].
2 Semi-Persistent Sidelink Transmission

At the previous RAN1 WG meetings it was agreed, that semi-persistent transmission on sidelink is supported. There are several reasons why SPS transmission is beneficial:
· Stable interference environment. Using semi-persistent resource allocation principle, the interference environment over period of time (i.e. SPS allocation window) can be predictable that may help sensing schemes to avoid collisions in resource selection from other transmitters.
· Protection of SCI transmission. In case of SPS allocation, the number of SCI transmissions over SPS period may be reduced and thus interference on PSCCH resources can be also decreased. It should be noted that there is a tradeoff in terms of probability of missing single SCI (that will result in subsequent miss of TBs) and the overall SCI performance.
· Overhead reduction. In case of eNB controlled resource allocation the amount of DCIs scheduling PC5 transmissions can be reduced if SPS mechanism is applied.

In order to support semi-persistent transmission, no changes to SCI would be made if the SPS periodicity is fixed across the network by common configuration signaling. However, given that V2V traffic is characterized by quasi-periodical packet arrival with varying packet size, a UE should be able to update SPS allocation to adapt to traffic changes [10]. The receivers also need to track these changes for sensing and resource selection procedures as discussed in [3]-[4]. Therefore information on semi-persistent resource allocation should be signaled in SCI (unless the fixed SPS transmission period is assumed).
Observation 1
· Information on sidelink SPS periodicity and pre-allocated periodical resources needs to be carried in SCI.

One of the important aspects is whether the SCI should be transmitted for every TB and for every retransmission or single SCI transmission may schedule multiple TBs or at least schedule multiple retransmissions.

Reduced SCI transmission rate within semi-persistent transmission window may greatly improve SCI PRR performance due to reduced co-channel and in-band emission interference. This effect is especially noticeable for FDM of PSCCH and PSSCH transmissions from system level perspective (see Figure 1), where SPS period of 500 ms is modeled assuming two different behaviors: transmission of SCI at the beginning of SPS period and transmission of SCI every SCI period across SPS allocation window. 
· PSCCH/PSSCH multiplexing and resource allocation:
· FDM-SSF Adjacent: PSCCH (50 SFs, 10 PRBs), PSSCH (50 SFs, 40 PRBs)
· FDM-TDM: PSCCH (5x10 SFs, 10 PRBs), PSSCH (40 SFs, 40 PRBs) 
· SPS mode (500 ms interval): With and without semi-persistent transmission for SCI;

· Non-semi-persistent: single SCI transmission is composed from 2 PRBs and 2 TTIs per TB 64bits
· Semi-persistent: single SCI is composed from 2 PRBs and 2 TTIs per SPS process 5 TBs 64 bits
· Deployment scenario: Freeway 70 km/h.
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Figure 1. Average PRR performance for Freeway 70 km/h.

From Figure 1, it is seen that under the same amount of allocated resources the performance of single SCI transmission per SPS allocation window is improved which means that more UEs can receive it within considered range from transmitter. The effect is especially noticeable 
Proposal 1
·  Reduced SCI transmission rate within SPS allocation window is supported.

The main purpose of SPS is to aid sensing based collision avoidance. The SPS mechanism should be able to allocate resources in advance for a predefined period of time, but accommodate possible change of MCS, if packet size changes. The variation of V2V traffic pattern and packet size over time needs to be carefully taken into account for designing sidelink SPS. The change of packet arrival rate may be handled by allocating spectrum resources every 100 ms in order to accommodate any packet arrival within its latency budget.

Observation 2
· Sidelink SPS mechanism should be able to allocate resources with different periods (from 100ms and up to 1000ms according to inter-packet arrival rates) to handle any change of V2V packet arrival.
In order to handle variable V2V packet size, several mechanisms can be applied. A UE may try to wait for reselection occasion. In this case, SPS periodicity should be equal or less than timescale of transmission settings update. The SPS process configuration may be selected to accommodate the potential changes of transmission parameters, i.e. a minimum periodicity may be used and a large TBS to cover expected packet size variations. Alternatively, additional (secondary) transmission parameters (e.g. MCS) may be signaled in SCI and used for different packet sizes. A receiving UE in this case need to check several hypothesis when trying to decode PSSCH. However, if ongoing SPS process does not fit to the packet arrival due to latency or TBS, a UE should be able to send a new SCI with new transmission parameters keeping the selected resources for transmission in order to respect sensing-based resource selection decision of other UEs.
Additionally, a UE may have multiple SPS processes for multiple packet sizes. For example, in the agreed traffic model for evaluations, each fifth packet arrives with 300 bytes size and other packets are of 190 bytes. This may be seen as two parallel SPS processes with different packet sizes and periodicities (see Figure 2). 
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Figure 2. Multiple SPS processes for V2V traffic.

Observation 3
· Signaling mechanisms to update SPS transmission parameters need to be considered.
Proposal 2
· UE can dynamically change MCS settings for every new transport block within a given SPS process.

· The resource allocation adjustment is a part of re-source reselection procedure.

· Multiple sidelink SPS processes (e.g. up to 4) from a single UE transmitter perspective are supported.

In order to support the proposed changes, the SCI content should be updated with relevant SPS information. The summary of SCI content change is discussed in a dedicated section 4.

3 On PSCCH and PSSCH Time and Frequency Allocation
In the previous meeting it was agreed, that transmission of control and data in the same subframe is supported, but it is FFS for which traffic type and resource allocation it is applied. The transmission in same subframe of control and data may be useful for time-critical services since the latency of this transmission may be as low as 1 ms. From physical layer perspective, the SCI design should support both TDM and same subframe (SSF) transmission options in a transparent way, so that same subframe transmission is handled by timing relation between SCI and data.

On SCI retransmission and combining

The combining of PSSCH transmission with different 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 if it is mandated to be transmitted with PSSCH, which is expected to be transmitted according to a sensing-based collision avoidance. Our system level analysis shows, that the performance of single SCI transmission is acceptable, if SPS mechanism is applied and orthogonal resources are allocated for data and control, as already agreed. For this resource allocation option, the combining of SCI transmissions from coverage perspective is not necessary, but rather retransmissions may be used to resolve half-duplex and interference issues.
In case of FDM-SSF resource allocation option (same subframe), the subframe index for SCI transmission is determined by PSSCH resource selection procedure. The PSCCH frequency resource index may be linked with PSSCH frequency position to align resource collision probabilities. Additionally, the hopping between PSCCH resource pool sub-bands may be applied for extracting frequency diversity gains. This resource allocation option may have a coverage problem since the power of control channel is shared with a data channel. In order to resolve coverage problem the UE may decide to reduce transmission bandwidth for data and utilize multiple TTIs to deliver TB. This option may not be attractive in dense environment due to increased in-band emission interference however in such environments the coverage is most likely limited by interference. In sparse scenarios, such UE behavior may help to improve link budget dramatically.
Proposal 3
· The combining of PSCCH retransmissions is not supported.
· For PSSCH retransmission combining, information about all PSSCH retransmissions for given TB is signaled in SCI.

On configurable timing relation

In [7] it is proposed to remove notion of common SCI periods in associated PSCCH and PSSCH pools by introducing UE-specific transmission windows. The following main parameters of such transmission are considered [10]:
· Transmission window – time interval including the set of subframes where a UE performs resource selection for transmission of TB including potential retransmissions for PSCCH / PSSCH.

· Transmission window period – is a resource allocation period that indicates the periodicity of transmission windows (packet transmission windows) within semi-persistent resource allocation window.
· SPS resource allocation window – time interval composed from multiple transmission window periods defined for SPS process.

In order to support this approach for both FDM-TDM and FDM-SSF resource allocation options [7], the corresponding information needs to be carried in SCI. The following SCI and data transmission rules are considered:
1) SCI reception subframe (n + c) should be used as a reference subframe to calculate the start of UE-specific PSSCH transmission window and its duration. In case if multiple SCI retransmissions are configured, the start subframe of the UE-specific transmission window should be unambiguously calculated from any SCI retransmission. SCI content may carry information how to calculate start subframe of the UE-specific transmission window in order to unify operation for different resource allocation options (FDM-TDM or FDM-SSF).
a. If SCI combining is not supported, each SCI (re)transmission may carry an offset counted in subframes where the transmission window starts (see Figure 3) or where the first transmission of a TB starts (see Figure 4). This offset may be either positive (for TDM) or zero (for the first transmission in case of SSF) or negative (for the retransmissions in case of SSF).

b. Alternatively, an absolute offset relative to SFN may be signaled in order to preserve same SCI content for all retransmissions and allow retransmission combining.

c. A minimum offset relative to a SCI transmission in a UE-specific transmission window may be configured by network and may implicitly indicate whether SSF or TDM is configured from single UE perspective.

i. Positive minimum offset indicates that TDM is configured.

ii. Negative minimum offset indicates that SSF is allowed.

2) Transmission period should be derived from SCI content or from the (pre)-configured value. Currently, this value is derived from SCI period. 
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Figure 3. Illustration of UE-specific offset between SCI and data TW start.
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Figure 4. Illustration of UE-specific offset between SCI and first data TTI.

Proposal 4
· In case of PSSCH retransmission SCI can signal either offset to initial PSSCH transmission or to the start of PSSCH transmission window.

4 V2V SCI Content
All the proposed modifications to SCI content for support of SPS and configurable timing relation are reflected in the table below. The table summarizes our view which SCI fields may be reused, which may be modified or removed and which fields need to be added.

Table 1. New SCI-V2V content.

	Parameter
	Size in bits
	Description

	MCS
	5
	Modulation and coding scheme

	L1 Group Destination ID
	8
	L1 identity

	New SCI content

	Transmission Window Period (TWP)
	4-10
	Values from [100, 1000] ms range with granularity 100 ms (4 bits), 10 (7 bits) or 1 ms (10 bits)

	SPS counter
	4
	Number of consecutive transmission periods where resources for transmission are reserved ([5-15] transmission periods)

	Number of TTIs
	2
	Number of TTI for data transmission: 1 to 4 transmissions

	Time resource indication
	Opt.1
	8 (offset)

+

17 - 22 
(data pattern)
	Time offset indicating the start of PSSCH TW (see Figure 3). 

Set of possible offset values = [-100, 100], number of required bits – 8.

4 TX per transmission window

100 ms - 22 bits (log2(
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	Opt.2
	8 (offset)

+

17 - 20
(data pattern)
	Time offset indicating the first PSSCH TTI (see Figure 4).

Set of possible offset values = [-100, 100], number of required bits – 8.

Signalization of up to 3 offsets for PSSCH TTIs inside 100 ms (c1,c2.c3) requires 20 bits. In case of smaller transmission window:

40 ms – 17 bits.

	Frequency resource indication
	14-29 (10MHz) 

19-34 (20MHz)
	Resource allocation indication for maximum 4 transmissions – PRB start offset + PRB allocation for first transmission + 3 x PRB start offset for other transmissions, assuming that allocation size is fixed.

In case of coarse granularity of frequency allocation, the reduced number of bits may be required:

1 PRB, 15 kHz: 29 bits (10MHz), 34 bits (20MHz)

2 PRB, 15 kHz: 24 bits (10MHz), 29 bits (20MHz)

4 PRB, 15 kHz: 19 bits (10MHz), 24 bits (20MHz)



	Priority indication
	2
	The priority indication should be included into the SCI in order to take this information into account when doing sensing-based resource selection and exclude the higher priority resources from the candidate resource set [9].

	Total
	10 MHz:

64-91 bits (lower and upper bounds)

20 MHz:

70-96 bits (lower and upper bounds)

+ 16 bit CRC


Analyzing the table above we can see that amount of bits in SCI-V2V payload is rather large and thus further discussion is needed how to reduce this amount. At the last RAN1 WG meeting it was agreed that 2 consecutive PRB pairs in a subframe are used for each PSCCH if the number of SA bits is less than 64 including CRC. In our view, the maximum payload size for SCI with two PRBs can be upper bounded by 1/3 mother code rate (8symb * 12REs * 2PRBs *2QPSK /3 = 128). In general the presented above SCI content does fit these numbers, given that without CRC its size is bounded by 112 bits. However it also make sense to reduce the amount of bits due to high channel variation and due to the fact that not all combinations presented in the paper may be needed in practice although it is important to provide sufficient number of different settings to check performance in real field. Therefore we further discuss the possible approaches to reduce payload.

According to our observations the main factors that contribute to the SCI payload are:

1) Duration of PSSCH transmission window. In table above, we have considered 100ms transmission window. This size of transmission window can give the best sensing performance. However due to latency constraints the 100ms transmission window does not seem to be realistic. Therefore we propose to consider PSSCH transmission windows from the set of 16, 32, and 64 subframes or 20, 40, 80.
Table 2: PSSCH and PSCCH transmission windows
	
	FDM-TDM
	FDM-SSF

	PSSCH TX window, SFs
	16
	32
	64
	10
	20
	40
	80

	PSCCH TX window, SFs
	8
	8, 16
	16, 32
	10
	20
	40
	80


2) Granularity of frequency resource allocation. The allocation at the PRB level for V2V communication does not seem to be reasonable due to relatively large packet sizes (200–1200 bytes). Therefore we think it makes sense to increase granularity of frequency resource allocation to 6 PRBs or even higher 8 or 12 PRBs.
Table 3: PSSCH sub-channelization and frequency granularity
	BW, MHz
	10 MHz
	10MHz
	10MHz
	20 MHz
	20MHz
	20MHz

	Number of PRBs per PSSCH sub-channel
	6
	8
	12
	6
	10
	12

	Number of PSCCH sub-channels
	8
	6
	4
	16
	10
	8


3) Number of retransmissions. According to our analysis up to 4 PSSCH retransmissions are desirable for V2V communication which may be required either from link budget or high speed consideration perspectives. Therefore we think that at least the following number of retransmission should be supported 1, 2, 4.
In order to support the identified above options the SCI payload size with 16 bit CRC does not exceed 83 bits which is an acceptable number for PSCCH transmission composed from two PRBs.

Table 4: SCI payload size
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Number of PSSCH subchannels 8 6 8 6 8 6 8 6 8 6 8 6

Max number of TTIs 2 2 2 2 2 2 4 4 4 4 4 4

PSSCH window duration, # of subframes 16 16 32 32 64 64 16 16 32 32 64 64

SCI Fields  Size, bits Size, bits Size, bits Size, bits Size, bits Size, bits Size, bits Size, bits Size, bits Size, bits Size, bits Size, bits

MCS 5 5 5 5 5 5 5 5 5 5 5 5

L1-ID 8 8 8 8 8 8 8 8 8 8 8 8

TX window period 4 4 4 4 4 4 4 4 4 4 4 4

SPS counter 4 4 4 4 4 4 4 4 4 4 4 4

Number of TTIs 1 1 1 1 1 1 2 2 2 2 2 2

Time indication 12 12 15 15 18 18 16 16 22 22 27 27

Frequency indication 9 8 9 8 9 8 15 14 15 14 15 14

Priority indication 2 2 2 2 2 2 2 2 2 2 2 2

Total amount of SCI bits 45 44 48 47 51 50 56 55 62 61 67 66

Total amount of SCI bits+CRC 61 60 64 63 67 66 72 71 78 77 83 82


Proposal 5
· Adopt SCI content proposed in the Table 1 above, including the following fields:

· Modulation and coding scheme

· L1 Identity

· Transmission period

· SPS process counter 

· Number of PSSCH retransmissions (TTIs)

· Time resource indication for all PSSCH retransmissions

· Frequency resource indication for all PSSCH retransmissions

· Priority indication
5 V2V SCI Physical Structure

At the last RAN1 WG meeting the PSCCH physical structure was discussed and it was agreed to use two PRBs for single SCI transmission if payload size does not exceed 64 bits including CRC. Our SCI payload analysis shows that from 60 to 90 bits may be needed for SCI transmission depending on system configuration parameters including CRC. These numbers are still well below the 128 bits under which the full coding gain can be extracted if SCI is transmitted using two PRBs. Therefore we suggest to keep two PRB pairs for PSCCH transmission. The further increase of PRB pairs may improve reliability of SCI transmission however it will also increase the system overhead and collision on PSCCH resources.
Proposal 6
· Adopt PSCCH physical structure composed of 2 PRB pairs for single SCI transmission
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 proposals:
Proposal 1
·  Reduced SCI transmission rate within SPS allocation window is supported.
Proposal 2
· UE can dynamically change MCS settings for every new transport block within a given SPS process.

· The resource allocation adjustment is a part of re-source reselection procedure.

· Multiple sidelink SPS processes (e.g. up to 4) from a single UE transmitter perspective are supported.

Proposal 3
· The combining of PSCCH retransmissions is not supported.
· For PSSCH retransmission combining, information about all PSSCH retransmissions for given TB is signaled in SCI.

Proposal 4
· In case of PSSCH retransmission SCI can signal either offset to initial PSSCH transmission or to the start of PSSCH transmission window.

Proposal 5
· Adopt SCI content proposed in the Table 1 above, including the following fields:

· Modulation and coding scheme

· L1 Identity

· Transmission period

· SPS process counter 

· Number of PSSCH retransmissions (TTIs)

· Time resource indication for all PSSCH retransmissions

· Frequency resource indication for all PSSCH retransmissions

· Priority indication

Proposal 6
· Adopt PSCCH physical structure composed of 2 PRB pairs for single SCI transmission
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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 5: 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

	Channel model
	According to the agreed evaluation methodology in [12]

	Traffic model
	Periodic traffic model according to [12] 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

· Packet size - 300 bytes

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

	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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