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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]At the RAN1 #85 meeting, the following agreements on the multiplexing of SA and its associated data were reached [1]:
· Allow resource pool definition where SA and associated Data transmitted on the same subframe are always adjacent in frequency
· All the PRBs used for the SA and associated data transmissions should be contiguous in frequency.
· Details FFS
· For a SA and associated data resource pool it should be (pre)configured whether the SA and associated data transmission by all the UEs using this pool either occur on the same subframe in an adjacent manner, or occur on different subframes, (FFS or occur on the same subframe in a potentially non-adjacent manner).
· If the FFS part is not supported, this reverts the existing agreement “When SA and the associated data are transmitted in the same TTI, they can be transmitted in non-adjacent RBs.”
· Strive for not increasing the number of SA blind decoding to enable this.
While the main decisions were reached, there are still a few 'FFSs' to address. In this contribution, the remaining details of resource pool configuration and design are discussed.
Resource pool design
Individual UE offset
In Rel. 12 D2D, the SA period is cell specific: within a cell, the beginning of a SA period for all D2D UEs is fixed and the same. However, for V2V services, messages from a vast number of vehicles are generated randomly. If these messages are squeezed into a pool with unified starting and ending boundaries, it could cause unnecessary collisions and latency.
For illustration, a four-UE scenario is depicted in Figure 1(a), where data transmissions of all four UEs can be concentrated in either period n (yellow dashed rectangle) or in period n+1 (red dashed rectangle). If all the UEs need to transmit in the yellow period only, the subframes at the end of the yellow period will be crowded, thereby causing congestion at the end of the subframe and affecting system performance. 
There are two possible solutions for this problem:
· Option 1: transmit in the next period. For instance, UEs 1-4 could not transmit during the yellow period and wait until the red period begins. With good T-RPT design, all transmissions can then be uniformly distributed over the red period. This is what is done for a D2D transmission. 
· Option 2: do not constrain the UE to finish the transmission at the end of the cell-based SA period. In other words, define the SA period on a per-UE basis instead of a per-cell basis, as shown in Figure 1(b)
While both solutions could be used, Option 1 would increase the latency. This increase could be significant if the SA period is relatively long (e.g., 50 ms). On the other hand, Option 2 requires no standard change (no per-cell SA period is defined) and does not have latency issues. Thus, we prefer Option 2.
No cell-based scheduling periodicity (and its associated timing) is defined at the system level. Each UE can have its own scheduling period, as shown in Figure 1(b). This has the effect of randomizing the load over time. The end result is better system performance, as shown in Figure 2: for the freeway 70km/h scenario, the PRR is increased from 61% to 67% at 300m. 


		
	(a) Fixed scheduling period	(b) Floating scheduling period
[bookmark: _Ref450825689]Figure 1. Illustration of V2V data transmissions for both fixed and floating scheduling period
[image: ] [image: ]
[bookmark: _Ref458603180]Figure 2. Comparison of fixed and floating period in freeway scenarios
The benefits of the floating mechanism are summarized below: 
· The latency is reduced. A UE may transmit as soon as a transmission opportunity is available instead of waiting for the next scheduling period. This is a desirable feature to meet latency requirements below 100 ms, e.g. 20 ms latency for pre-crash sensing scenario [3]. With a floating period, such short latency requirement can be met [7], which can ensure support for more advanced services (e.g., platooning [4][5]) in future releases.
· The collisions are reduced. A UE can choose resources within a wider range, and is not limited to the resources in one period. 
· The floating mechanism can be used for both mode 2 and mode 1. It works well with sensing as shown in [6]
· For the shared spectrum, multi-PLMN scenario, there is no need to align the resources in time, thus facilitating coexistence/cooperation

Proposal 1: For SA and data pools, no cell-based periodicity is defined at the system level for V2V.
For mode 2, as shown in Figure 3(a), a UE can start its own period when a TB arrives. For mode 1, as shown in Figure 3 (b), a UE can start its own period when instructed by the eNB, e.g. 4 TTIs after receiving the DCI for sidelink from the eNB.
[image: D:\工作相关\15 Drawing\LTE Assisted V2V\sensing\floating.emf]
(a) Mode 2
[image: D:\工作相关\15 Drawing\LTE Assisted V2V\sensing\floating mode 1.emf]
(b) Mode 1
[bookmark: _Ref458603485]Figure 3. Floating period for mode 2 and mode 1
Proposal 2: UE starts its own period when a TB arrives (mode 2) or when instructed by the eNB (mode 1).
Note that for UE-specific SA period, a receiving UE has no indication which one in the multiple transmissions the current transmission is. So an index field indicating the current transmission needs to be included in the SA, as described in [2].
Data pool design and configuration
Frequency resource allocation
According to Rel.12 D2D, the frequency resources of a data pool are determined by three parameters: prb-Start-r12, prb-End-r12 and prb-Num-r12. For V2V, the same mechanism can be reused.
Proposal 3: The frequency resource configuration mechanism in Rel.12 D2D is reused.
Time resource allocation
For Rel.12 D2D, the time resources of the SA pool are determined by three parameters, offsetIndicator-r12, sc-Period-r12 and subframeBitmap-r12, as shown in Figure 4(a). Based on the SA pool configuration, the time resources of data pool are determined by two extra parameters: offsetIndicator-r12 and subframeBitmap-r12, as shown in Figure 4(b). 

	(a) SA pool	(b) Data pool
[bookmark: _Ref450825587]Figure 4. Example of an SA/data time resource pool for D2D
For V2V, as shown in Figure 5, since the SA resource and data resource are FDMed, the configurations of SA pool and data pool are the same, which can be reached by implementation. As a result, the meaning of offsetIndicator-r12 for the SA pool can be applied to the data pool, i.e. the parameter indicates the offset between TTI 0 and the beginning TTI of the first data pool. The change in meaning has some impact to 36.213. The other parameters can be reused.

[bookmark: _Ref457377350]Figure 5. Example of an SA/data time resource pool for V2X
Proposal 4: The parameter offsetIndicator-r12 for data pool indicates the offset between TTI 0 and the beginning TTI of the first data pool.
SA pool design and configuration
Different SA pools could be used to differentiate messages (e.g., CAM or DENM) or priorities. Generally speaking, having multiple SA pools will fragment the resources and reduce efficiency for both IC and OOC scenarios. Thus, the number of SA pools should be kept low. In addition, as shown in the companion contribution [2], priority information can be included in SA; using different SA pools to differentiate message types or priorities is not necessary. Consequently, a one-to-one mapping between SA pool and data pool is enough, as shown in Figure 6.
Proposal 5: One data pool is associated with only one SA pool. 

[bookmark: _Ref450825537][bookmark: _Ref450037852]Figure 6. One data pool associated with one SA pool
In Rel.12 D2D, the PRBs of the SA pool are configured with the same three parameters as for the data pool. For V2X, the same mechanism can be reused for non-adjacent SA and data on the same subframe or on different subframes. In addition, it was agreed in [1] that SA and associated data transmitted on the same subframe are adjacent in frequency. If any PRB within the bandwidth can be used for SA, this increases the UE complexity since the UE has to blindly decode each PRB. To reduce the number of blind decoding of SA, it is beneficial to limit the SA to some specific PRBs. For example, the SA can be start at PRB 0, 4, 8, 12… etc. A parameter inter-SA-distance can be introduced in SA pool configuration to define the number of PRBs between adjacent SA resources as shown in Figure 7. This parameter can be pre-configured or configured by eNB. 
[image: C:\Users\l00229860\Desktop\2769F8AB-3BBD-47EA-B0E7-7091C6A08501.png]
[bookmark: _Ref457377465]Figure 7. Inter-SA-distance
Proposal 6: SAs can only occupy a limited subset of the available PRBs
Resource pool configuration for coexistence of mode-1 and mode-2
For the coexistence of mode-1 and mode-2 UEs, one alternative is that multiple data pools can differentiate mode 1 and mode 2 transmissions whenever possible to ensure mode-1 transmissions are collision-free. If a shared resource pool is used for mode 1 and mode 2, collisions between mode-1 UEs and mode-2 UEs need to be managed. Several solutions could be deployed, although at the expense of additional signaling. Note that mode-1 UEs would transmit their allocated resources in the SA, just like for D2D. Mode-2 UEs could use this information to avoid mode-1 resources. In order to limit collisions, mode-1 UEs could also report the already occupied resource from its neighboring mode-2 UEs to its serving eNB. We therefore propose the following:
Proposal 7:
· It is preferred to have mode-1 and mode-2 using different pools
· If mode-1 and mode-2 share the same pool, additional reporting is needed to limit collisions:
· Mode-2 UE can reuse the sensing procedure to avoid collision with mode 1 UE
· In addition, mode-1 UE could report to the eNB the occupied resource from its neighboring mode-2 UEs
Conclusions
In this contribution, TDM and FDM multiplexing of SA and data were discussed, as well as the resource pool configuration. Based on the performance gain and the analysis, we propose the following:
Proposal 1: For SA and data pools, no cell-based periodicity is defined at the system level for V2V.
Proposal 2: UE starts its own period when a TB arrives (mode 2) or when instructed by the eNB (mode 1).
Proposal 3: The frequency resource configuration mechanism in Rel.12 D2D is reused.
Proposal 4: The parameter offsetIndicator-r12 for data pool indicates the offset between TTI 0 and the beginning TTI of the first data pool.
Proposal 5: One data pool is associated with only one SA pool. 
Proposal 6: SAs can only occupy a limited subset of the available PRBs
Proposal 7:
· It is preferred to have mode-1 and mode-2 using different pools
· If mode-1 and mode-2 share the same pool, additional reporting is needed to limit collisions:
· Mode-2 UE can reuse the sensing procedure to avoid collision with mode 1 UE
· In addition, mode-1 UE could report to the eNB the occupied resource from its neighboring mode-2 UEs
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