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1
Introduction
In this contribution we discuss SA (scheduling assignment or PSCCH) modifications 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#83 benefits of same SA and data transmissions on the same subframe were discussed and the following alternatives were considered.

· 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.
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 1: If SA and data are transmitted on the same subframe then for any data transmission associated SA transmission should be transmitted.
Let us consider Alt.1, i.e., FDM of SA and data using two-cluster SC-FDMA transmission. This is illustrated in Figure 1 below. The gains of this scheme are illustrated in our companion contribution [1].
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Figure 1. 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 2 below.
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Figure 2. 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 2: If two-cluster SC-FDMA is used then adjacent SA and data transmissions should be used. 
For Alt. 2 bandwidth is divided into fixed size sub-channels. Such an approach will cause an unnecessary limitation on packet length. We note that SA1 requirements require support of packet size anywhere from 50 bytes to 1200 bytes [2].

[PR.5.1.5-006]
The E-UTRA(N) shall be able to support a typical message size of 50-300 Bytes, which can be up to 1200 Bytes.

Therefore limiting the length of packets is not desirable. Furthermore, dividing bandwidth into fixed size sub-channels can lead to increase in complexity at the UE. This is because a UE may need to try multiple lengths in a blind manner.

Alt. 3 considers TDM of SA and data within a single subframe. The advantage of such an approach is that no power backoff is needed, and furthermore the packet sizes do not need to be fixed. We note that due to AGC, SA cannot be the first symbol. Furthermore TDM a subframe between SA and data can lead to channel estimation challenges, especially for high frequency offsets. The 4 DMRS reference symbols within a subframe need to be divided between SA and data. Two reasonable ways of doing so are illustrated in Figure 3 below. This is assuming two symbols are used for SA.  


Figure 3a. Three reference symbols for Data and one for SA.

Figure 3b. Two reference symbols for Data and SA each.
Note that for Figure 3a channel estimation for SA will be challenging because at high speed interpolation can be challenging. For Figure 3b channel estimation for data will be challenging because two symbol may not be enough. Furthermore system level gains for TDM of SA and data have not been demonstrated. Based on this we propose that Alt. 1 be considered for SA and data transmission. 
Proposal 3: For enabling same subframe SA and data transmission use two-cluster FDM of SA and data.   
3
Modifications to SA Content
3.1 Mode 2 SA

Let us consider Mode 2 transmissions first. The first change needed for SA content is related to T-RPT index. As discussed in our companion contribution [1] sensing can lead to much better performance. One issue with sensing is that the set of resources being used for transmission of data can be arbitrary. Therefore T-RPT needs to be replaced with a more flexible resource indication mechanism. For example for indicating data resources over 100ms, for 4 transmissions, for 10 MHz case requires 3*(log2(100) + log2(50)) + log2(50) (length of data in number of RBs)   = 45 bits. (For same subframe SA and Data transmission the first transmission is implicitly indicated.) If arbitrary resources are indicated then there is no need for T-RPT and the hopping bit in SA.
Proposal 4: To enable sensing indication of arbitrary resources may be needed in SA.
Proposal 5: Remove T-RPT and hopping bit from Mode 2 SA.

TA for Mode 2 transmission is redundant and can be removed. 
Proposal 6: For Mode 2 remove 11 bits of TA from SA.
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”. This is needed for both Mode 1 and Mode 2. 
Proposal 7: Replace “Group destination id” by “Source id”. This is needed for both Mode 1 and Mode 2.
Table 1 summarizes the changes for Mode 2 SA transmissions for the same SA and Data transmission case for 10 MHz case.

	Field
	Size (bits)
	Note

	Source id
	8
	

	Indicating time and frequency resource
	39
	Depends on system BW

	Data length in number of RBs
	6
	Depends on system BW

	Data MCS
	5
	64 QAM not supported

	CRC
	16
	

	Total
	84
	Depending on system BW


Table 1
For SA and Data transmission on different subframes more bits will be needed, since the first transmission cannot be indicated implicitly.
3.2 Mode 1 SA 
We note that for Mode 1 due to size constraint in DCI5 it is not possible to indicate arbitrary resources. However, we still propose that T-RPT be replaced by a randomization seed that can be set by the eNodeB. The gains of randomization are illustrated in Appendix of [1].
Proposal 8: For Mode 1 replace T-RPT by a 7 bit randomization seed set by the eNodeB that can be used for selecting the subframes that are used for transmission of data.  

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

 When SA and data transmissions occur on the same subframe then transmission number should also be indicated.
Proposal 10: For same subframe SA and data transmission add 2 bits indicating from 1 to 4 the current number of HARQ transmission for data.

To enable these modifications new SCI formats are needed. The SCI format for Mode 1 can be different from SCI format for Mode 2. Furthermore SCI format for same subframe SA and data transmission can be different from transmission SA and data transmissions on different subframes. We note that a UE will know the correct SCI format from resource pool configuration
Proposal 11: Consider different SCI format for Mode 1 and Mode 2. Furthermore, consider different SCI format for same subframe SA and data transmission versus SA and data transmission on different subframes.
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 12: 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.
The first change to DCI5 is to replace T-RPT index by a 7 bit randomization seed that is configured by the eNodeB. This is to be coherent with 
Proposal 13: In DCI5 replace T-RPT by a 7 bit randomization seed that is set by the eNodeB.
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 14: 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 15: For same subframe SA and data transmission the resource block assignment in DCI5 can implicitly or explicitly indicate the location of the SA.
Proposal 16: For same subframe SA and data transmission two of the bits used for indicating PDCCH 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 to remain fixed to 4.

Proposal 17: 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 4.
3
Conclusion

In this contribution we made the follow proposals for SA and Mode 1 grant for PC5 based V2V.
Proposal 1: If SA and data are transmitted on the same subframe then for any data transmission associated SA transmission should be transmitted.
Proposal 2: If two-cluster SC-FDMA is used then adjacent SA and data transmissions should be used. 
Proposal 3: For enabling same subframe SA and data transmission use two-cluster FDM of SA and data.
Proposal 4: To enable sensing indication of arbitrary resources may be needed in SA.

Proposal 5: Remove T-RPT and hopping bit from Mode 2 SA.

Proposal 6: For Mode 2 remove 11 bits of TA from SA.

Proposal 7: Replace “Group destination id” by “Source id”. This is needed for both Mode 1 and Mode 2.
Proposal 8: For Mode 1 replace T-RPT by a 7 bit randomization seed set by the eNodeB that can be used for selecting the subframes that are used for transmission of data.  

Proposal 9: Add 2 bits indicating from 1 to 4 the total number of HARQ transmissions for data.

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

Proposal 11: Consider different SCI format for Mode 1 and Mode 2. Furthermore, consider different SCI format for same subframe SA and data transmission versus SA and data transmission on different subframes.
Proposal 12: 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 13: In DCI5 replace T-RPT by a 7 bit randomization seed that is set by the eNodeB.
Proposal 14: 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 15: For same subframe SA and data transmission the resource block assignment in DCI5 can implicitly or explicitly indicate the location of the SA.
Proposal 16: For same subframe SA and data transmission two of the bits used for indicating PDCCH resources in DCI5 can be reused for indicating the total number of HARQ transmissions for data.

Proposal 17: 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 4.
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