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1
Introduction
During RAN1#84 following agreements were achieved on SA (scheduling assignment or PSCCH).

Agreements:
· 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

In this contribution we continue discussing further modifications to SA for V2V using PC5. The contribution is organized as follows:

· Section 2 discusses methods of enabling transmission on same subframe for SA and data for V2V
· Section 3 discusses modifications to SA content for V2V 

· Section 4 discusses modifications to DCI format for Mode 1 allocation for V2V

· Section 5 concludes the contribution
2
Same Subframe SA & Data Transmission
During RAN1#84 following options were considered for same subframe SA and data transmission.
Agreements:
· 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
There are several advantages of transmitting PSCCH and data on same subframe. This is illustrated in Figure 1 below which shows the packet reception ratio versus distance for high density deployments. The details of .simulation parameters are in our companion contribution [1].
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Figure 1a: Freeway 140 km/hr, 600cars
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      Figure 1b: Urban 15 km/hr                                                                     
We show the results for same subframe SA and Data transmissions, DSRC. There are two cases plotted. One where PSCCH and Data belong to the same resource pool. The other case is where PSCCH and Data belong to different resource pools but are still transmitted on the same subframe. Sensing is used for selection of both PSCCH and Data. We also plot the case where PSCCH and Data pools are FDM but not on the same subframe. For comparison purpose we assume that PSCCH is perfectly decoded. We note that for both Urban and Freeway cases transmitting SA and Data on the same subframe leads to better performance than DSRC. If SA and Data are not transmitted on the same subframe then the performance is worse than DSRC.
Observation: Transmitting SA and Data on same subframe is needed to outperform DSRC.
Based on this we propose that at least Option 1 should be supported.
Proposal 1: Transmission of SA and data on the same subframe should at least be supported.
If SA and data are transmitted on the same subframe, depending on the coding rate and the signal strength between transmitter and receiver, a receiver can decode from a single data transmission. Therefore for all data transmissions, associated SA transmission should be transmitted.  
Proposal 2: If SA and data are transmitted on the same subframe then for any data transmission associated SA transmission should be transmitted.
One simple way of enabling same subframe transmission of SA and Data is using two cluster SC-FDMA transmission. This is illustrated in Figure 1 below.




Figure 2. Example of SA and Data transmitted in the same subframe using FDM.

Two-cluster SC-FDMA transmission can lead to increase in PAPR. To evaluate this we calculated the cubic metric (CM) for multi-cluster transmissions where data is transmitted over a different number of RBs and SA is transmitted over a single RB. We evaluated two cases, one where SA and data are transmitted on adjacent RBs, and another where SA and data are not transmitted on adjacent RBs. This is illustrated in Figure 3 below.
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Figure 3. Cubic metric for single and two-cluster transmission SC-FDMA transmission.
We observe that two-cluster SC-FDMA has a higher cubic metric compared to single cluster SC-FDMA. The gap varies from 1.4 dB to 1.2 dB for the case where the clusters are not adjacent. However the gap is much smaller for adjacent two-cluster case. Here for allocations more than 5 RBs the gap is less than 1dB. 

Proposal 3: If two-cluster SC-FDMA is used then adjacent SA and data transmissions should be used. 
3
Modifications to SA Content
Since the V2V transmissions are broadcast to enable differentiation between transmissions of different cars (in scrambling, reference signal cyclic shift, etc.) the “Group destination id” should be replaced by the “Source id”. 
Proposal 4: Replace “Group destination id” by “Source id”.
V2V communication can occur over very different environments. Therefore allowing flexibility in total number of HARQ transmissions for data can be useful. The total number of transmissions can be indicated in the SA by adding 2 bits indicating a number from 1 to 4.

 Proposal 5: Add 2 bits indicating from 1 to 4 the total number of HARQ transmissions for data.

For same subframe SA and data transmission the SA should indicate the current data transmission number.

Proposal 6: For same subframe SA and data transmission add 2 bits indicating from 1 to 4 the current number of HARQ transmission for data.
Table 1 summarizes the SA content for 10 MHz case.

	Field
	Size (bits)
	Note

	Source id
	8
	

	T-RPT
	7
	

	Number of data transmissions
	2
	

	Current number of data transmission
	2
	Needed for same subframe SA and data transmission

	Data length in number of RBs
	6
	Depends on system BW

	Data MCS
	5
	64 QAM not supported

	TA
	11
	Needed only for Mode 1

	CRC
	16
	

	Total
	57
	Depending on system BW


Table 1

4
Modifications to Mode 1 grant
To enable Mode 1 grant for V2V a notion of V2V-RNTI should be introduced. The V2V-RNTI will also allow a UE to differentiate between a D2D grant and a V2V grant. A new DCI format is also needed. The new DCI format can be based on DCI5 with some changes.
Proposal 7: Introduce a notion of V2V-RNTI and a new DCI format to enable Mode 1 grants for V2V. The new DCI format will be based on DCI5 with following changes.
A differentiation is needed for a grant for same subframe SA and data transmission versus SA and data transmission on different subframes. This can be done by reusing the TPC bit in DCI5 for indicating the difference.  

Proposal 8: Reuse the TPC bit in DCI5 to differentiate between a grant for same subframe SA and data transmission versus a grant for transmission of SA and data on different subframes.
For same subframe SA and data transmission the resource block assignment in DCI can implicitly or explicitly indicate the location of the SA. Therefore the bits used for indicating PDCCH resources in DCI5 can be reused. Two of those bits can be used for indicating the total number of HARQ transmissions for data.

 Proposal 9: For same subframe SA and data transmission the resource block assignment in DCI5 can implicitly or explicitly indicate the location of the SA.
This frees up some of the bits in DCI5 used for indicating PSCCH. Two of those bits can be reused for indicating the total number of HARQ transmissions for data.
Proposal 10: For same subframe SA and data transmission two of the bits used for indicating PSCCH resources in DCI5 can be reused for indicating the total number of HARQ transmissions for data.

For SA and data transmission on different subframes there is no space available in the new DCI to indicate the total number of HARQ transmissions for data. Hence the number needs can be fixed to say 1.

Proposal 11: For Mode 1 grant for SA and data transmissions on different subframes the total number of HARQ transmissions for data needs to be fixed to 1.
3
Conclusion

In this contribution we made the follow observation and proposals for SA and Mode 1 grant for PC5 based V2V.
Observation: Transmitting SA and Data on same subframe is needed to outperform DSRC.
Proposal 1: Transmission of SA and data on the same subframe should at least be supported.
Proposal 2: If SA and data are transmitted on the same subframe then for any data transmission associated SA transmission should be transmitted.
Proposal 3: If two-cluster SC-FDMA is used then adjacent SA and data transmissions should be used. 
Proposal 4: Replace “Group destination id” by “Source id”.
Proposal 5: Add 2 bits indicating from 1 to 4 the total number of HARQ transmissions for data.

Proposal 6: For same subframe SA and data transmission add 2 bits indicating from 1 to 4 the current number of HARQ transmission for data.
Proposal 7: Introduce a notion of V2V-RNTI and a new DCI format to enable Mode 1 grants for V2V. The new DCI format will be based on DCI5 with following changes.
Proposal 8: Reuse the TPC bit in DCI5 to differentiate between a grant for same subframe SA and data transmission versus a grant for transmission of SA and data on different subframes.
Proposal 9: For same subframe SA and data transmission the resource block assignment in DCI5 can implicitly or explicitly indicate the location of the SA.
Proposal 10: For same subframe SA and data transmission two of the bits used for indicating PSCCH resources in DCI5 can be reused for indicating the total number of HARQ transmissions for data.

Proposal 11: For Mode 1 grant for SA and data transmissions on different subframes the total number of HARQ transmissions for data needs to be fixed to 1.
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