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Introduction
In TR 36.885 v0.4.0 [1], some enhanced schemes regarding to scheduling assignment design were captured. In particular, it was agreed to keep the notion of scheduling assignment. During the course of the WI, the SA content was discussed, and some of the decisions taken may require modifying the SA content.
In this contribution, we discuss the SA content. We look at the existing fields in SCI format 0 and whether new fields are needed for V2V. In particular, we provide some proposals on the SA content. The resource multiplexing of SA and its associated data is discussed in the accompanied contribution [2].
In addition, for mode-1 communication, the SCI content is mostly obtained from the eNB. We investigate whether the existing DCI format 5 needs to be modified for V2V.
[bookmark: _Ref129681832]Discussion on the existing fields in SCI 0 for V2V
In Rel-12 D2D communication, the scheduling assignment (SA) carried on the PSCCH is used to carry sidelink control information. One SA format, SCI format 0, was introduced for the scheduling of PSSCH for D2D. The following information is transmitted with SCI format 0: frequency hopping (FH) flag, resource block assignment and hopping resource allocation, time resource pattern (TRP), modulation and coding scheme (MCS), timing advance (TA) indication, and group destination ID. We need to first look at the SCI format 0 fields and see if they can be reused as for V2V:
· FH flag
· Frequency hopping flag indicates whether to use frequency hopping for PSSCH. The frequency hopping pattern is fixed in the specification. This field is configured by the sidelink grant for Mode 1 and preconfigured for Mode 2. Since there are a fixed number of data transmissions, inter-subframe frequency hopping is supported for D2D data communication to achieve frequency diversity gain. If the number of transmissions of V2V data can vary [3], e.g. including one shot transmission where frequency hopping cannot be applied, the content of this field could be re-interpreted.
· Resource block allocation
· The field of resource block assignment and hopping resource allocation indicates the resources used for data. A UE knows at least the time and frequency location of data transmission(s) after decoding the associated SA. This field is still needed to let V2V receivers know the frequency location of data transmission(s). If the data is transmitted in the same subframe of SA [2], this field can be modified.
· TRP
· In Rel-12 D2D, a fixed number of 4 data transmissions is defined. 108 values are defined for TRP, some of which may not be valid for V2X any more, for example, pattern of index 106 {1,1,1,1,1,1,1,1}. This field can be enhanced to support V2X patterns.
· MCS
· The MCS field is set according to the Modulation and coding scheme indicated by the higher layer parameter mode1MCS if the parameter is configured by higher layers. For V2X, especially for emergency services, fixed low MCS may be used. 
· TA
· For Mode 2, the eleven-bit timing advance indication in SCI format 0 is set to zero. For Mode 1, the uplink TA value is used for sidelink data transmission in D2D. But if SA and data are located in the same subframe, the TA of SA and data should be the same. Thus no additional TA for data needs to be provided. For Mode 2, this field may not be essential and can be omitted if there is a limitation of the total bits of new SCI format. This field may not be necessary. 
· Group destination ID
· To simplify the complexity of receiver decoding, the group ID is used to filter the packets based on the receivers’ interest. In V2X, the same purpose can be reused. 
In Rel-14 V2V, there can be two major new changes compared to D2D:
· SA can be located in the same subframe as the associated data as discussed in options 1-3 [2]. In this case, the resource allocation field may need to be redesigned and the TA field may not be necessary.
· There are different types of packets with different latency and performance requirements for V2V. If a variable number of transmissions is introduced [3], the number of transmission can be indicated by SA. The TRP field may need to be redesigned.
Based on the above analysis, we observe that:
Observation 1: The current SCI format does not fully meet the requirements for V2V
However, a lot of the content of SCI format 0 can be used as is, or needs to be slightly modified. Thus, we propose the following:
Proposal 1: SCI format 0 is used as the baseline for the design of a new SCI format for V2V

New fields proposed for V2V
Some new fields can be considered in the SA for V2V:
· Priority information
· It was agreed to introduce priority handling over PC5 to support eNB-scheduled and UE- autonomous V2V communication in RAN1 #84bis meeting. Whether to carry priority information in SCI should be down-selected at RAN1#85 meeting.
· For V2V communication, the priority of message and related requirement can be quite different. One field of priority information carried by SA to avoid missing emergency messages can be reasonable. To reduce the latency of response to emergency messages, differentiation in the PHY layer may be beneficial. 3 bits of PPP may be needed to indicate 8 stratum levels of service, or 1 bit is used to differentiate whether this related data should be always decoded. After decoding the SA, a receiver can know whether the associated data is an emergency message and whether to decode the associated data with higher priority.
· Resources for semi-persistent transmission
· It was agreed in the previous meeting that the eNB may configure multiple SPS configurations for a given UE. Since the sidelink grant with CRC scrambled by Tx UE’s RNTI from eNB can be only decoded by the Tx UEs, the Rx UEs don’t know the information of semi-persistent transmission that eNB scheduled for Tx UE. So Tx UE needs to forward the scheduling information to Rx UEs.
· It was also agreed that sensing with semi-persistent transmission is supported, which means UE can use its selected resources for several transmissions. Similarly, the Rx UEs don’t know the information of semi-persistent transmission that the Tx UE selected if no additional information carried by new SCI, since the resource used for semi-persistent transmission is sensed and chosen by Tx UE. So Tx UE also needs to forward the resource information to Rx UEs.
· Therefore, the resources information indicated by sidelink grant or selected by Tx UE for semi-persistent transmission need to be captured in the new SCI formats, e.g. on how many times or how long that the transmission would last, to inform Rx UEs where to receive the corresponding transmissions.
· Traffic periodicity indicator
· Existing traffic model of simulation assumption is a fixed period, which is based on SAE specification [5]. While according to ETSI specification [6], the generation time of CAM message is not deterministic and the traffic periodicity is variable. Current design which is based on fixed period may not be appropriate for flexible period traffic.
· If traffic period is indicated in SA, it will be helpful for other UEs to know which resource will be reserved in the following periods so that the resource efficiency can be improved [4].
· RB number and an offset between SA and data
· If SA and data are located in the same subframe, only the offset between SA and data and the number of RBs to be indicated, i.e., uplink resource allocation type 0 can be reused. If the data is not located in the same subframe as its SA, then SCI format 0 with UL Type 0 resource allocation can be reused. 1 bit can be used to indicate whether SA and data locate in the same or different subframe.
· Number of data transmissions
· In Rel-12 D2D, a fixed number of data transmissions is defined. For V2V communication, the requirements for each service can be different. Some services include emergency, which can require higher reliability. A variable number should be provided for V2V. The details of variable number of data transmissions can refer [3].
· Extended T-RPT 
· Larger number of bits may be needed depending on the number of T-RPT patterns to be supported for V2X, details in a companion contribution [2]. 
· The index of transmission
· For UE individual offset, a field of index of transmission is needed. More details can be found in the companion contribution [2].
· Timing between SA and associated data
· According to a companion contribution [4], the timing (the difference between d and c) can be included in SA in order to obtain the data subframe. This field may not be necessary if T-RPT can indicate all the data subframes directly.   
· Differentiation of V2V from V2P, V2I (UE-type RSU) 
· This field can be used to differentiate whether this SA and its related data are used for V2V or V2P or V2I. While this WI only addresses V2V communication, it may be beneficial to include it to avoid having to design a new SCI format in the future. Different versions of SCI could be also differentiated by resource pool configuration or RRC signaling. However, if the receiver can determine the service type from the SA, it can decide whether to process the associated data. The additional effort of data decoding can be saved.
· High Speed Indication(HSI): to indicate it is high speed or low speed UE
· One bit can be used for HSI. It is used to indicate the receiver, whether the transmitter is a high speed UE or to indicate the UE speed level. This HSF bit can be used to select or reserve the resource for UE autonomous resource selection. 
From the analysis of existing fields and potential new fields, it appears that the existing fields in SCI format 0 do not quite capture the requirements for V2V communication. A new SCI format needs to be defined for V2V.
Table 1 shows the existing fields in SCI 0 and new potential fields. 
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	Fields
	Bits
	Descriptions
	Analysis for V2V

	Priority information
	3
	To support priority handling
	

	Scheduling Timing 
	TBD
	Timing between SA and the associated data
	

	Resource allocation in frequency domain (RA)
	5-13
	Reuse UL Type 0 resource allocation
	

	Offset between SA and data and RB number
	TBD
	
	Replace RA fields when the data is transmitted in the same subframe of SA

	MCS
	5
	
	

	ID
	8
	Destination ID
	Can be optional

	Traffic periodicity
	4
	The periodicity of traffic is multiple minimum periods (such as 100ms)
	

	Number of data transmissions
	2
	Variable Tx number of data
	

	Extended T-RPT
	TBD
	Extension of TRP
	Reuse TRP field (with extra bit(s))

	Index of transmission
	2
	Indicate the index of the current transmission
	

	Differentiation of V2V from V2P, V2I (UE-type RSU)
	1-2
	Differentiation of V2V from V2P, V2I (UE-type RSU)
	

	High Speed Indication (HSI)
	1
	Indicate whether the UE is in high speed
	

	
	
	
	

	Other fields
	TBD
	TBD
	

	CRC attachment



Based on the above discussion, we propose that:
Proposal 2: A new SCI format needs is needed for V2V
DCI format for V2V
As seen in Table 1, some of the SCI fields, such as the parameters e are new. These parameters should come from the eNB since they are relevant to resource allocation. Consequently, they should be included in the DCI. Given that the current DCI format 5 does not have such fields, a new DCI is needed.
Proposal 3: A new DCI format is needed for V2V
In addition, the UE needs to know that the DCI it receives for the sidelink is applicable for D2D, not V2V if both V2V and D2D are deployed on the same carrier. There are several ways to achieve this goal:
· The DCIs for V2V and D2D are of different size. While this is a solution for this current release, it is not robust: first, the DCI size generally varies with the bandwidth and the resource allocation method. Thus, the DCI sizes would have to be different for all possible bandwidths. Besides, this solution is not future-proof: another V2V or D2D DCI may be defined in the future and cause problem at that time.
· A different RNTI could be used for D2D and V2V. This is a possibility, but it would lead to a UE possibly handling a lot of RNTIs (one for cellular, one for D2D, one for V2V, multiple for SPS)
· A bit is used to indicate if the DCI is valid for D2D or V2V.
Considering that an additional 1 bit overhead is small, we propose to adopt the latter solution.
Proposal 4: one bit in the DCI indicates if the DCI is for D2D or V2V
In summary, the proposed content for the new DCI format is shown in Table 2.
According to the companion contribution [7], to differentiate multiple SPS processes, an index can be included in DCI. In addition, when the period is changed, the period information can be indicated in DCI. Moreover, MCS field can be included in DCI explicitly. 
Table 2: Fields of new DCI
	Fields
	Bits
	Descriptions
	Analysis for V2V

	Resource allocation in frequency domain (RA)
	5-13
	Reuse UL Type 0 resource allocation
	

	Scheduling Timing 
	5
	Timing between SA and the associated data
	May be omitted for some scenarios

	Extended T-RPT
	TBD
	Extension of TRP
	Reuse TRP field (with extra bit(s))

	SPS index
	TBD
	Differentiate multiple SPS processes
	Only if not differentiated by RNTI

	MCS
	5
	
	

	Traffic periodicity
	4
	The periodicity of traffic is multiple minimum periods (such as 100ms)
	

	Number of data transmissions
	2
	Variable Tx number of data
	

	CRC attachment



Conclusion
In this contribution, the SA content is discussed. It was observed that:
Observation 1: The current SCI format does not fully meet the requirements for V2V
The following is proposed:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: SCI format 0 is used as the baseline for the design of a new SCI format for V2V
Proposal 2: A new SCI format needs is needed for V2V
Proposal 3: A new DCI format is needed for V2V
Proposal 4: one bit in the DCI indicates if the DCI is for D2D or V2V
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