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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
During RAN1#84bis following agreements and working assumption were achieved on SA and the associated data:
Agreement:
· 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
Agreement:
· 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)
Agreement:
· 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
· Note: the association does not necessarily include the case of intention of using the resources for a different TB, if any (which is FFS)
In this contribution, we discuss the SA contents, corresponding to the different SA/Data association mechanism.
Enhancements of existing SA contents for sidelink transmission
Existing SA is for the scheduling of PSSCH in Rel-12/13 for sidelink transmission. The following information is transmitted in the SA:
- Frequency hopping flag – 1 bit as defined in section 14.1.1 of TS 36.213. 

- Resource block assignment and hopping resource allocation –  bits
- For PSSCH hopping: 

[bookmark: OLE_LINK27][bookmark: OLE_LINK28]- NSL_hop MSB bits are used to obtain the value of  as indicated in section 8.4 of TS 36.213 

-  bits provide the resource allocation in the subframe
- For non-hopping PSSCH:

-  bits provide the resource allocation in the subframe as defined in section 8.1.1 of TS 36.213
- Time resource pattern – 7 bits as defined in section 14.1.1 of TS 36.213. 
- Modulation and coding scheme – 5 bits as defined in section 14.1.1 of TS 36.213
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]- Timing advance indication – 11 bits as defined in section 14.2.1 of TS 36.213
- Group destination ID – 8 bits as defined by higher layers
In order to indicate the transmission of PC5 based V2V communication more appropriately, it is necessary to re-design existing SA content with the following enhancements:
- Resource assignment: Legacy resource block assignment and hopping resource allocation field are used to indicate the frequency resource allocation in whole system bandwidth. For PC5 based V2V communication, due to the frequently generated message (e.g. 190 bytes or 300 bytes per 10Hz), FDM-based SA and data pool with the available bandwidth divided into multiple transmission resource units (TRU) can be used to meet the latency requirements of V2V message [2]. Here, the transmission resource unit can include a fixed number of PRBs in frequency domain. Hence, fewer bits for resource block assignment are needed. Especially, when the structure and size of TRU are (pre)configured and SA and the associated data are always transmitted in same subframe and contiguous in frequency domain, the bit width of resource block assignment can be further reduced to 0. Meanwhile, the bit of frequency hopping flag can also be omitted. When SA and the associated data are transmitted in the same/different subframe and in non-adjacent RBs, the legacy bits for resource block assignment can continue to be used. The exact bit width depends on the range of the data pool in frequency domain.
-Time resource pattern: The time resource pattern is used to indicate the subframes for associated data transmission in Rel-12/13 PC5 communication. For PC5 based V2V communication, in order to meet more stringent service requirement and higher user density, additional randomization of T-RPT patterns or procedure should be designed if TDM based SA/ data association is adopted. For PC5 based V2V communication, if only the FDM based SA/data resource pool is adopted and SA and its associated data are always transmitted in same subframe, the indication bits of T-RPT can be removed.
- Modulation and coding scheme: There is no need to modify the field of MCS. 
-Timing advance indication:  TA is used to indicate the transmission timing difference between SA and its associated data in Rel-12/13 PC5 communication when the Tx UE works in mode 1. With FDM based SA/data association for PC5 based V2V communication, there will be no timing difference between the SA and its associated data. When SA and the associated data are transmitted in different subframes, the legacy bits for timing advance indication should continue to be used.
- Group destination ID: The group destination ID is included in SA for Rel-12/13 D2D, which allows UE to only decode the interested message. For Rel-12/13 D2D, this group ID is directly from RAN2. For PC5 based V2V communication, such a group destination ID may be useful.
Based on above analysis, Table 1 summarizes the overhead of SA content for 10 MHz in different cases. (Assuming 4 RBs in 50RBs is used for SA transmission) 
	
	SA and the associated data are transmitted in the same subframe and contiguous in frequency domain
	SA and the associated data are transmitted in the same subframe and non-adjacent RBs
	SA and the associated data are transmitted in different subframe

	Frequency hopping flag
	0 bit
	1 bit
	1 bit

	Resource block assignment and hopping resource allocation
	0 bit
	7  bits(SA occupies 4RBs in 10MHz system bandwidth)
	7 bits (SA occupies 4RBs in 10MHz system bandwidth)

	Time resource pattern
	0 bit
	0 bit
	7bits (no T-RPT enhancement)

	Modulation and coding scheme
	5 bits
	5 bits
	5 bits

	Timing advance indication
	0 bit
	0 bit
	11 bits

	Group destination ID
	8 bits
	8 bits
	8 bits

	CRC
	16 bits
	16 bits
	16 bits

	Total
	29 bits
	37 bits
	55 bits



[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Observation 1: If SA is transmitted in same subframe as the associated data, it will save almost half of the overhead compared with the case when transmitted in a different subframe.
Additional contents in SA
In the above section, the existing contents in SA are analyzed based on SA/Data association mechanism for PC5 based V2V communication. Some new design for PC5 based V2V communication may introduce additional contents into SA, e.g.
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK45][bookmark: OLE_LINK46]-NDI/RV indication: In Rel-12/13 PC5 communication, the T-RPT can indicate the initial transmission and the subsequent retransmission in time domain for TDM based SA/data association within one SA period, and different RV versions for one TB are transmitted in a fixed order. Therefore, RV indication is not needed in the Rel-12/13 D2D SA. Similarly, NDI is also not needed in Rel-12/13 D2D SA when T-RPT works within one SA period. For PC5 based V2V communication, in order to meet the latency requirement of typical traffic (e.g.100ms) and event triggered traffic, existing mechanism of TDM-based SA/data resource pool needs to be improved. For example, with FDM based SA/data association for PC5 based V2V communication, the definition of SA period and T-RPT may be not necessary. In this case, to ensure the mechanism of multiple transmissions of one TB with different RVs, NDI/RV indication is needed in SA.
Proposal 1: NDI/RV indication is needed in SA.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]During RAN1#84 following proposals were considered on priority indication: 
Agreement:
· Proposal 1: 
· Priority handling is supported over PC5 for eNB-scheduled and UE- autonomous V2V communication 
· Proposal 2: 
· The priority information is taken into account in the resource (re)selection for UE-autonomous mode
· Further details are FFS
· Proposal 3:
· Down-select between two alternatives at RAN1#85 meeting
· Alt.1 Priority information is signaled in SCI
· [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Alt.2 Priority information is not signaled in SCI 
 
Whether the priority information needs to be signaled in SA depends on the mechanism of sensing and resource (re)selection. If the energy detection based sensing is adopted, the priority information doesn’t need to be included in SA content for collision avoidance and resource (re)selection. For SA decoding based sensing, we will analyze the necessity of priority information signaled in SA in the following cases:
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Case 1: In this case, as shown in figure 1, a time duration in which UE performs sensing is defined before UE autonomous resource selection and semi-persistent transmission. Then during the semi-persistent transmission, UE will no longer perform sensing. So, if two UEs (UE1 and UE2) sensed the same idle resource set within the sensing duration (i.e. the first transmission duration for UE3), UE1 and UE2 shall know the resource reserved by UE3 in the second transmission duration after decode UE3’s SA in the first transmission duration. Hence, UE1 and UE2 shall select orthogonal resource to avoid collision with UE3 in the second transmission duration even UE1 and UE2 have higher priority traffic than UE3 in the second transmission duration. . In that sense, without the priority information in SA, the three UEs can work properly.
[image: ]
Figure 1: UE performed sensing before transmission duration
Case 2: In this case, as shown in figure 2, UE performed sensing in both sensing duration and transmission duration for resource (re)selection and collision avoidance. For UE3, if it found out  there was no potential resource collision in the first transmission duration then it will continue to use the same (reserved) resource in the second transmission duration. UE1 and UE2 will random select resource from the rest of resource no matter that the priority of UE3 is higher or lower than UE1 and UE2. So, same as in case 1, the priority information signaled in UE3’s SA is useless during the first and the second transmission duration. Moreover, we will further analyze the effect of priority information in UE1 and UE2’s SA in the second transmission duration in case 2-1 and case 2-2.
[image: ]
Figure 2: UE performed sensing in both sensing and transmission duration
Case 2-1: In this case, we assume that UE1 and UE2 will transmit same priority traffic in transmission duration. The transmission timing offset of SA and the associated data corresponds to traffic priority as proposed in our companion contribution [3]. As shown in figure 3, the priority information signaled in UE1 and UE2’s SA cannot help UE1 and UE2 to avoid the transmission collision in case B (data transmission collision) and case C (SA transmission collision). Even if the T-RPT is included in SA, UE1 and UE2 can detect possible collision in case B and case C by the sensing in case A. Due to same priority traffic for both UEs, which one should drop the transmission in case B and case C is not clear. Considering the reselection for the next transmission duration, both UE 1 and UE 2 may give up current resource and random select another again. So, the priority information signaled in SA is invalid in case 2-1.
[image: ]
Figure 3: UE1 and UE2 have same priority
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Case 2-2: In this case, we assume that UE1 will transmit higher priority traffic than UE2 in transmission duration. The transmission timing offset of SA and the associated data corresponds to traffic priority as proposed in our companion contribution [3]. As shown in figure 4, the priority information signaled in UE1 and UE2’s SA cannot help UE1 and UE2 to avoid the transmission collision in case C (SA transmission collision).  In case B, higher priority UE1 will find out the potential collision in data transmission by decoding SA of UE2 prior to UE2’s decoding the SA of UE1. Whether UE2 drops the data transmission in case B mainly depends on the processing delay of UE2, i.e., if UE2 is not able to decode SA1 before transmit Data2, it will cause a conflict with Data1. Further, if UE1’s transmission timing offset of SA and the associated data is very short or even in the same subframe, the collision will happen. If the T-RPT is included in SA and UE2 is able to decode SA1 in case A and/or case D prior to potential collision in case B and/or case C, it will help to avoid collision to a certain extent. In addition, in most scenarios, the UE located in adjacent geography range or using similarly service or application will be configured into a same priority level for semi-persistent transmission. So, whether indicating the priority information in SA needs to be further discussed based on classification of traffic priority in PC5 based V2V communication. In conclusion, the benefit of priority information signaled in SA is not very obvious in case 2-2. 
[image: ]

Figure 4: UE1 has higher priority than UE2
Based on above analysis, we propose:
Proposal 2: Priority information is not signaled in SCI.

Conclusions
In this contribution, we focus on SA contents corresponding to the different SA/Data association mechanism. The following observation and proposals are provided:
Observation 1: If SA is transmitted in same subframe as the associated data, it will save almost half of the overhead compared with the case when transmitted in a different subframe.
Proposal 1: NDI/RV indication is needed in SA.
Proposal 2: Priority information is not signaled in SCI.
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