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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]At the RAN1 #84b meeting, significant progress on the resource pool was achieved [1]. In this contribution, we discuss the details of resource design such as the configuration of resource pools, multiplexing of SA and data, whether data can be transmitted without associated SA, etc.
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 different D2D UEs is fixed and the same. However, for V2V services, messages from a vast number of vehicles are generated randomly and uniformly. 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 the period n (the yellow dashed rectangle) or in the period n+1 (the red dashed rectangle). If the 4 UEs need to transmit all their instances 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 the message 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 been uniformly distributed over the red period. This is what would be done for a D2D transmission on the sidelink.
· 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 that may not start at the same time for all UEs, 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
Not having an SA period also reduces latency: a UE may transmit as soon as a transmission opportunity is available instead of having to wait for the next scheduling period. This is a desirable feature to meet stringent latency requirements (e.g., 20ms latency for pre-crash sensing scenario). 
[image: ] [image: ]
[bookmark: _Ref450825679]Figure 2. Comparison of fixed and floating period in freeway scenarios
Proposal 1: No cell-based SA period is defined. The SA period is defined for each UE.
Note that without cell-specific SA period, a receiving UE would have no idea 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 [4]. If the redundant version [0, 2, 3, 1] in D2D is reused in V2X, this index field is equivalent to an RV field.
Data pool design and configuration
Multiple data pools should be used to differentiate mode 1 and mode 2. When a shared resource pool is used for mode 1 and mode 2, the same resource can be used by both mode 1 and mode 2 UE(s). Although the eNB, which allocates resources for mode 1 UEs, can avoid / minimize resource collisions for mode 1 UEs, the eNB is unaware whether a mode 2 UE(s) will use the same resource. Thus, the performance for mode 1 will be degraded. 
Proposal 2: Mode-1 and Mode-2 use different data pools.
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, as shown in Figure 3(a). Note that the resource pool can be fragmented into non-adjacent clusters. For Rel-12 D2D, this was acceptable since D2D communication was designed mostly for voice. However, for V2V traffic, the data packets are bigger than voice packets (typically in the order of several hundred bytes). Given that with SC-FDMA, adjacent PRBs are needed, a fragmented data pool should be avoided. Consequently, we propose the following:
Proposal 3: Consecutive frequency resources are allocated for data pool (prb-Num-r12 is set to a half of the interval between prb-Start-r12 and prb-End-r12). Otherwise, the configuration mechanism in Rel.12 D2D can be reused.

	(a) D2D	(b) V2X
[bookmark: _Ref450825625][bookmark: _Ref450036936]Figure 3. Example of a data frequency resource pool for D2D and V2X
Time resource allocation
For Rel.12 D2D, the time resources of SA pool are determined by three parameters, offsetIndicator-r12, sc-Period-r12 and subframeBitmap-r12, as shown in Figure 4(a). The first parameter offsetIndicator-r12 indicates the beginning TTI of the first period. The second parameter sc-Period-r12 indicates the length of a period. The third parameter subframeBitmap-r12 indicates which TTIs can be used for SA transmissions in a period.
Based 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). The first parameter indicates the offset between the beginning TTI of the period and the beginning TTI of the data pool. The second parameter, subframeBitmap-r12 will repeat across the period to indicate which TTIs can be used for data transmissions in the period.

	                   (a) SA pool	(b) Data pool
[bookmark: _Ref450825587]Figure 4. Example of an SA/data time resource pool for D2D
For V2V, since the SA resource and data resource are FDMed, the three SA parameters offsetIndicator-r12, sc-Period-r12 and subframeBitmap-r12 can be used to determine the time resources. Furthermore, as explained in Section 2.1, the parameter sc-Period-r12 may not be needed or used, and the bitmap will continually repeat.

Figure 5. Example of an SA/data time resource pool for V2X
Proposal 4: The SA/data time resource pool is defined using the D2D SA time resource pool configuration mechanism.
SA pool design and configuration
At the last meeting, the following was agreed:
· 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)
The working assumption is that data pools can overlap, so one data pool can be associated with one SA pool or multiple SA pools. 
Different SA pools could be used to differentiate types of 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 [4], priority information can be included in SA, so using different SA pools to differentiate message types or priorities is not necessary. So 1-1 mapping between SA pool and data pool is enough, as shown in Figure 6.
Proposal 5: One data pool should be 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 3 parameters as the data pool. For V2X, the same mechanism can be reused. 
Proposal 6: The SA frequency resource pool is defined using the D2D SA frequency resource pool configuration mechanism. 
SA/data manner
At RAN1#84b, it was agreed that SA and associated data can be transmitted in the same subframe or in different subframes:
· 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
We suggest to have a configuration option so that an eNB can configure the SA and the associated data to be transmitted in the same TTI only on a per resource pool basis in order to better overcome half-duplex issue for normal speeds in most regions. For instance, in a pool, if same-subframe transmission and different sub-frame transmission coexist, the performance is worse than the same-subframe transmission only. A pool with only same-subframe transmission cannot be implemented by UE only, so a common configuration mechanism by eNB is needed.
Proposal 7: eNB can configure SA and the associated data to be transmitted in the same TTI only on a per resource pool basis.

Enhanced T-RPT
Necessity of T-RPTs
In Rel.12 D2D communication, T-RPT is used to indicate all the time resources of all transmissions from a UE in a period or even across periods. A UE can get multiple related time resource allocations once a single SA is successfully received. This is very beneficial for D2D and V2X where each SA transmission may suffer reception failure due to half duplex issue, IBE issue, as well as channel impairments. With T-RPT, a receiver knows the time resource allocation of a period from a transmitter. Unless no one single SA of the transmitter is received. As long as one of the transmitter’s SAs with T-RPT is received, the receiver can possibly receive all the following transmissions in a period and also possibly obtain combining gain. This can definitely increase reliability of data. Moreover, for sensing, the receiver can get more information after decoding one SA. If there is no T-RPT in SA and each SA only indicates one data transmission, to get the same information, the receiver will have try to decode more SAs. 
T-RPT Enhancement

In D2D, the T-RPT index  corresponds to a bitmap indicating which TTIs are used for these transmissions. The mapping tables between the index and the bitmap, defined in TS 36.213 [3], provide at most 128 patterns in the time domain for D2D. This number is expected to be too small for V2V: in urban environment, there are often densities of >1000vehicle/km2. Having only 128 patterns would yield an unacceptably large number of collisions. Consequently, we propose to increase the number of T-RPTs.


Assume 1, 2, and 4 transmissions are supported for a TB and that the longest period is N ms,  patterns would be needed.  bits can index these patterns with the number of transmissions together. For instance, when the number of transmissions indicates 4, these bits would index all the 4-transmission patterns. Or these two fields can be combined. For instance, T-RPT can be used to index all the patterns with different number of transmissions independently. And the number of transmissions is indicated by T-RPT implicitly.
With the UE SA periodicity described in section 2.1, N can be viewed as how far in time the transmissions of a specific packet can be. In this case, N may not necessarily be the largest periodicity value because the different/random starting subframe of each UE from individual UE offset can already provide one dimension of randomization. Therefore a smaller N can provide sufficient randomization on top of different/random starting subframe.



For R-12 type resource pool, some T-RPTs for larger N values can be reused for shorter periods by truncating the bitmap. In order to reduce the number of mapping tables further, the UL resource allocation type 1 mechanism [3] can also be reused. For instance, 4 transmissions are transmitted in TTI respectively. Then the T-RPT can be calculated as . When A receiver get this value, it will know , so there is no need to define a big mapping table between the index and bitmap. 

Proposal 8:  T-RPT patterns are supported, N is FFS.
SA-data association
Data without its SA
The following was agreed:
· In UE autonomous resource selection mode, SA can be transmitted for every TB.
· FFS whether to support transmitting and/or receiving TB without SA.
FFS whether every data (re)transmission for the same TB has the associated SA transmission
In this section, we investigate whether a data TB can be sent without SA.
If the SA is not transmitted all the time, the situation is as shown in Figure 7. For instance, with semi-persistent resource allocation, the SA is transmitted in the first period and is absent in the next one or multiple periods. Since the SA is only occasionally transmitted, one missed SA means that several data packets could be lost. In order to ensure reliable communication for a V2V, which is a safety application, we propose the following:
Proposal 9: A UE cannot transmit TB without SA.


[bookmark: _Ref450825461][bookmark: _Ref450038255]Figure 7. Transmitting some TBs without the associated SA (same and different subframe transmission)
Another issue that needs to be addressed is whether every data (re)transmission of the same TB has an associated SA transmission. For instance, as illustrated in Figure 8, assume the SAs of the second and the fourth transmissions are not transmitted. As a result, there are only 2 chances to receive the 2 SAs. Some receivers may miss one or both SAs because e.g., of half-duplex issues. Without the SA, the UE cannot decode the associated data. Therefore the SA should always be transmitted. 

[bookmark: _Ref450825434][bookmark: _Ref450036874][bookmark: _Ref446319755][bookmark: _Ref440526009][bookmark: _Ref442355717]Figure 8. Some transmissions are without the associated SA (same and different subframe transmission)
Proposal 10: SA is transmitted with each (re)transmission of a TB.
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: No cell-based SA period is defined. The SA period is defined for each UE.
Proposal 2: Mode-1 and Mode-2 use different data pools.
Proposal 3: Consecutive frequency resources are allocated for data pool (prb-Num-r12 is set to a half of the interval between prb-Start-r12 and prb-End-r12). Otherwise, the configuration mechanism in Rel.12 D2D can be reused.
Proposal 4: The SA/data time resource pool is defined using the D2D SA time resource pool configuration mechanism.
Proposal 5: One data pool should be associated with only one SA pool. 
Proposal 6: The SA frequency resource pool is defined using the D2D SA frequency resource pool configuration mechanism. 
Proposal 7: eNB can configure SA and the associated data to be transmitted in the same TTI only on a per resource pool basis.

Proposal 8:  T-RPT patterns are supported, N is FFS.
Proposal 9: A UE cannot transmit TB without SA.
Proposal 10: SA is transmitted with each (re)transmission of a TB.
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