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1. Introduction
This is the resubmitted contribution based on R1-1905375.

In RAN-1 #95 meeting, the topics relevant to study of resource allocation mechanism in NR-V2X have been agreed [1], as follows:


[image: image1]
In RAN1 #94b [2] and #95 [3], we have studied the sidelink subgroup based resource selection, whereby the UEs are assigned into the subgroups according to the time frequency resource pattern (TFRP), and meantime, the multi-subgroups form V2X group. Furthermore, we have investigated the performance by SLS, that the (pre)configured TFRP perfectly avoids the half-duplex impact and guarantees the PRR within a certain communication range. In the agreement above, however, several issues are still remained, such that the sensing procedure for multiple sidelink transmission patterns and the pattern selection procedure by UE, that should be clarified during the SI.
In this contribution, we propose the geographic information based dynamic TFRP resource selection procedure for each UE, relying on the UE-related geographic information (e.g., position), which is reasonably known by each UE in the group, within a certain communication range. This contribution offers the relevant solutions towards:

· Time frequency resource pattern design, in section 2;
· Pattern selection procedure by UE, in section 3;

· TFRP based group variation control and transmission with larger size packets, in section 4;

· Multiple sidelink transmission patterns and relevant sensing procedure, in section 5;
As revealed in section 6, the system level simulation results investigate that the proposed dynamic TFRP resource selection scheme completely mitigates the half-duplex impact, and offers the outstanding PRR performance in out of coverage that is nearly equivalent to what the gNB controlled TFRP resource selection scheme achieves in [2]

 REF _Ref533174842 \n \h 
[3].
2. General Descriptions for TFRP
To avoid the imperfective reception due to the half-duplex limitation, we have proposed the scheme by introducing the (pre)configured frequency-time resource pattern (TFRP), and then subgrouping the UEs located in V2X group [2]. In addition, the randomization process between the (pre)configured channel resources is performed in order to make the scheduling fairer. In the proposed FTRP, several assumptions are made as follows:
· Each data packet is delivered by both initial and repetition transmissions.

· The relation between the two channel resources potentially scheduled for both initial and repetition transmissions is predetermined with the frequency-time resource patterns configured by either RRC or L1 signaling (e.g., SCI in PSCCH).

The proposed TFRP is to ensure each UE to realize at least one reception, from either the initial transmission or its repetition. To this end, a subgroup concept is introduced, that contains N sub-channels in frequency domain, and 
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 sub-channels in time domain. Thus, each subgroup can support 
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 V-UEs as maximal.
Figure 1 illustrates the structure of the proposed TFRP in subgroup, where each sub-channel is able to deliver a data packet, either initial or repetition, and N sub-channels are placed in frequency domain, and 
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 sub-channels are in time domain, with the allocation rule as follows:
· The sub-channels dedicated to the UEs with indices of 
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 are located in the 1st column from the 1st row to the N-th row. Then, the sub-channels dedicated to the same UEs with indices of 
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 are located in the 1st row from the 2nd column to the 
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-th column. The red characters indicate the sub-channels and the V-UE index, and the red arrows indicate the allocation direction.
· The sub-channels dedicated to the UEs with indices of 
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 are located in the 2nd column from the 2nd row to the N-th row. Then, the sub-channels dedicated to the same UEs with indices of 
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 are located in the 2nd row from the 3rd column to the 
[image: image10.wmf](1)

N

+

-th column. The green characters indicate the sub-channels and the UE index, and the green arrows indicate the allocation direction.
· The same allocation processes repeat from the 3rd column and then 3rd row until the N-th column and the N-th row.
It should be noted that, any UE with its corresponding index occupies two different sub-channels, where the initial and repetition transmissions are potentially taken place. The detailed TFRP description can be referred in our contribution [2].
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Figure 1: The structure of the proposed time frequency resource pattern in subgroup.
3. Geographic Information based Dynamic TFRP Mapping
Based on our discussions in [2]
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[3], TFRP ensures to mitigate the half-duplex impact, and fulfil the stringent requirements if TFRP resources can be properly selected by transmitter UEs. The TFRP resource selection procedure, considered in our discussion so far, however, is only feasible under the condition of in-coverage, e.g., fully controlled by gNB. The realistic resource selection procedure by UE is still a big issue, especially under the condition of out of coverage. This is because, a UE does not know TFRP resources used by other UEs, and the collision between the UEs, who select the same TFRP resources, is unavoidable. Therefore, a new study related to TFRP resource selection procedure, which enables to mitigate half-duplex impact as well as avoid transmit collision, is inevitable.
In this contribution, we introduce a new TFRP resource selection procedure, involving the geographic information, which is known by each UE within the group. We believe, in unicast/broadcast, each UE is capable of acquiring the geographic information from other UEs in order to either establish the transmission link in unicast, or form the group towards broadcast communication. For the sake of simplicity, it is assumed that the number of UEs in the network is under the static condition, with invariance in time. The discussion on the dynamic condition will be conducted in section 4, where some UE comes in as addition, and some UE gets out from the network. Prior to the description of the procedure, we assume that the following information are aware in each UE:
· Location of UE-self, e.g., acquired by GNSS.
· Locations of other UEs within the group, e.g., location information are exchanged by either PSCCH (SCI), or PSSCH, or PSDCH, or higher layer.
· Location information can be broadcasted by each UE within the group, and the broadcast mechanism could be either periodic basis or aperiodic basis.
· Location information update timing (or location information available time)
· Each UE has a location information table, storing the location information for UE-self as well as for other UEs within the group

· Location information update timing (or location information available time) information can be either broadcasted by each UE jointly with location information, or explicitly determined by means of the linkage to the location information broadcast time.
Here, we propose a new dynamic TFRP resource selection procedure, by introducing virtual location index (V-LID), which is based on the corresponding geographic information. V-LID is derived from the relative location between UEs, based on ascending order of the UE location. Each UE selects the TFRP resource based on a predetermined mapping rule between V-LID and UE-ID. Due to the movement of UEs on the road, TFRP resource is updated after the location information is either broadcasted or received by the UE. In what follows, we make the descriptions for more details, focusing on how this dynamic procedure works.
3.1. Mapping Rule between V-LID and UE-ID
Virtual location index (V-LID) is defined as an index of relative location between UEs, based on ascending order of the UE locations. Here, the relative location between UEs is based on the predetermined direction, as
· First, the direction from left to right (or from west to east)
· Then, the direction from top to bottom (or from north to south)
Figure 2 exemplifies the relative location between UEs on highway, where eight UEs are on the road, and each has own UE-ID. Based on the UE relative locations, V-LID enables to map UE-ID one to one. In this example, the relation between V-LID and UE-ID can be expressed as

UE1 → V-LID-(n-4);  UE2 → V-LID-(n-2);  UE3 → V-LID-(n-3);  UE4 → V-LID-(n);


UE5 → V-LID-(n-1);  UE6 → V-LID-(n+1);  UE7 → V-LID-(n+2);  UE8 → V-LID-(n+3).
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Figure 2: The relative location between UEs and the mapping V-LID.
Thus, each UE enables to precisely determine its own V-LID as long as the UE can identify V-LIDs occupied by other UEs. Note that, the discussion on V-LID identification will be conducted in section 5, relying on a unique correlation mechanism.
3.2. Mapping Rule between V-LID and TFRP Resource
In the previous section, we define the rule of mapping between V-LID and UE-ID. Here, we need to define the linkage between V-LID and TFRP, so as to ensure for each UE to select single TFRP resource.
TFRP, in general, offers multiple patterned resources in time and frequency domain, and each patterned resource is dedicated to single UE for transmission. The patterned resource could consist of either the same number of sub-channels, or the different number of sub-channels, depending on the application. We assume that a patterned resource with an index is linked to single V-LID. The linkage between V-LID and TFRP is configured simultaneously to all the UEs, by either static or semi-static or dynamic manner. Therefore, V-LID may be alternatively named as TFRP resource index.
With the example of TFRP in Figure 1, the number of V-LIDs is equal to 
[image: image13.wmf](1)/2

NN

+

 in each sub-group, and each V-LID links to single TFRP resource consisting of two sub-channels.
Now, it is ready to discuss the mapping rule between V-LID, UE-ID, and TFRP resource. Here, the following assumptions are taken into account:
· V-LIDs mapped to UEs are not changed until updated,

· The mapping between V-LIDs and UE-IDs is periodically/apeiodically updated, based on the relative locations among UEs.
Moreover, the mapping rule is determined as follows:

· Each UE broadcasts the location information to other UEs within the group,
· Send explicit location information acquired based on global navigation satellite system (GNSS), for instance;
· Each UE sorts the UEs based on the location information in ascending order:
· Each UE selects its corresponding V-LID, which links to the corresponding TFRP resource.
Figure 3 illustrates an example where twelve vehicle UEs are on highway, and mapping between UE-ID and V-LID can be realized by one to one.
[image: image14.emf]V-LID1 V-LID2 V-LID3 V-LID4 V-LID5 V-LID6 V-LID7 V-LID8 V-LID9 V-LID10 V-LID11 V-LID12

UE1

UE3

UE2

UE4

UE5

UE8

UE7

UE9

UE10

UE12

UE11

UE6


Figure 3: Example of twelve vehicle UEs are on highway.
Figure 4 gives an example with 12 UEs, 12 V-LIDs, and 12 TFRP resources, where TFRP is configured with 
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, and two TFRP sub-groups in V2X-group, and each TFRP resource consists of two sub-channels, indicated by single V-LID. It can be observed that, each UE enables to identify the exact relations between UE-IDs, V-LID, and TFRP resource.
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Figure 4: Example of mapping between V-LID, UE-ID, and TFRP Resource.
3.3. TFRP Mapping Resource Update
Since vehicle UE keeps moving on the road, it could overtake other UEs and vice versa. In such a case, the TFRP resource should be updated simultaneously by all the UEs. The rule of TFRP mapping recourse update is as follows:

· For the UE, who is broadcasting the location information to other UEs, say Tx-UE
· The Tx-UE resorts the UE-IDs once broadcasting the location information to other UEs, and updates its V-LID based on the related locations.
· The Tx-UE reselects the resources from TFRP based on its updated V-LID
· Note that, the resort and reselection processes are performed in
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 slots after the broadcasting slot, which is either (pre-)configured in the network, or broadcasted jointly with the location information. In general, 
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· For the UE, who is receiving the location information from other UEs, say Rx-UE
· The Rx-UE resorts the UE-IDs once receiving updated location information from other UEs
· The Rx-UE reselects the resources from TFRP based on its updated V-LID
· Note that, the resort and reselection processes are also performed in 
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 slots after the broadcasting slot.

Figure 5 gives an example, in which, UE6 overtakes UE5 and UE8 on highway. In this case, UE6, (after broadcasting its location information), and UE5/UE8 (once receiving the location information from UE6) resort the UE-ID order, update the V-LIDs, and reselect the resources from TFRP based on the updated V-LIDs.
[image: image20.emf]UE6

V-LID1 V-LID2 V-LID3 V-LID4 V-LID5 V-LID6 V-LID7 V-LID8 V-LID9 V-LID10 V-LID11 V-LID12

UE1

UE3

UE2

UE4

UE5

UE8

UE7

UE9

UE10

UE12

UE11

UE6

UE1 UE3 UE2 UE4 UE6 UE5 UE8 UE7 UE9 UE10 UE12 UE11

After location information broadcast from UE6

V-LID1 V-LID2 V-LID3 V-LID4 V-LID5 V-LID6 V-LID7 V-LID8 V-LID9 V-LID10 V-LID11 V-LID12

UE1 UE3 UE2 UE4 UE5 UE8 UE6 UE7 UE9 UE10 UE12 UE11

V-LID1 V-LID2 V-LID3 V-LID4 V-LID5 V-LID6 V-LID7 V-LID8 V-LID9 V-LID10 V-LID11 V-LID12


Figure 5: Example that UE6 broadcasts the location information, and UE5, UE6 and UE8 need to update TFRP resource.
In the example, the TFRP resource reselection process only occurs in UE5, UE6, and UE8, and nothing impacts on other UEs. The mapping status before and after resource reselection is depicted in Figure 6, where 
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, and two TFRP sub-groups in V2X-group, as
Before update:

UE6 ⇔ V-LID5, UE5 ⇔ V-LID6, and UE8 ⇔ V-LID7,

After update:

UE5 ⇔ V-LID5, UE8 ⇔ V-LID6, and UE6 ⇔ V-LID7.
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Figure 6: The mapping status after reselecting the TFRP resources in UE5, UE6, and UE8.
Proposal-1: Each UE broadcasts its geographic information, for the purposes of group forming, communication range based ACK/NAK feedback, and so forth.

Proposal-2: Introduce a new parameter V-LID, whereby UE-ID and TFRP can be one by one linked for dynamic TFRP resource mapping.
4. Further Consideration of V-LID based TFRP
In practical V2X system, vehicle UE sometimes comes in the highway, and sometimes gets out. Moreover, different UE may transmit packets with different size, depending on use cases. Thus, the V-LID based TFRP scheme should behave the flexibility. Since V2X network, in general, is operating without traffic full loading, some TFRP resources can be offered for reservation purpose. Here, we separate the TFRP resources into two types; one is the mandatory resource, and the other is the optional resource. Both TFRP resources, flexibly controlled by group UEs, are defined as
· Definition of mandatory resource in TFRP

· The mandatory resource is dynamically dedicated/(pre)configured to UEs, with the same size (e.g., the number of sub-channels), and based on TFRP.
· As depicted in Figure 7, 10 UEs are served in V2X-group, with V-LID1, 2, 3, and 4, and V-LID7, 8, 9, and 10, as the mandatory resource.

· Definition of optional resource in TFRP
· The optional resource is reserved for UEs with the same/different size, and based on TFRP, if a UE requires to either initialize TFRP resource access, or transmit larger size packet (need more resources). In general, the number of optional resources fluctuates, depending on how many resources are leftover in each sub-group. In addition, since the selection of optional resource for transmitter UE differs from that of mandatory resource, relying on the sensing mechanism, the collision is inevitable.
· As depicted in Figure 7, 10 UEs are served in V2X-group, with V-LID5 and 6, and V-LID11 and 12, as the optional resource.
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Figure 7: Illustration of mandatory and optional resources.
In what follows, we describe how both TFRP resources work efficiently, to achieve the initialization procedure if UE joins in the group, and the transmission with larger size packet.
In case of new UE joining the group:

It is assumed that some UEs are already in the network, transmitting the packets within the group, For the sake of simplicity, only one new UE comes in and attempts the initialization. Of course, it can be simply extended to the scenario with multiple new UEs, who intend to join the network. The following procedure, consisting of three steps, has to be taken into account by new UE:

· Step-1: New UE has to sense the SCIs in V2X-group, where it intends to join, before establishing the TFRP resource mapping table.
· The mapping table is defined as the table with the explicit mapping relation between V-LID, TFRP, and UE-ID. The detailed definition will be discussed in section 5.
· Step-2: New UE only and tentatively selects the TFRP optional resource based on the mapping table (established by SCI sensing procedure), whereby new UE broadcasts the location information to other UEs within the group, according to the rule of TFRP mapping resource update procedure (in section 3.3)

· Step-3: New UE updates its V-LID and selects the mandatory resource from TFRP
· The other UEs within the group update the V-LIDs as well after receiving the broadcast location information from new UE.
Figure 8 exemplifies the procedure, where eight existing UEs are served in the group, and the new UE3 comes in and intends to join the group. In the illustration, UE1, 2, 4 and 5 select the TFRP mandatory resource in the 1st sub-group, and the remained UE 6, 7, 8, and 9 select the TFRP mandatory resource in the 2nd sub-group. The TFRP resource selection procedure of the new UE3 are
· Step1: UE3 senses the SCIs in V2X-group, and acquire location information to establish the mapping table.

· Step2: UE3 tentatively selects the TFRP optional resource indicated with V-LID5
· UE3 broadcasts the location information in TFRP optional resource with V-LID5.

· Note that, UE3 could select any V-LID from V-LID5, 6, 11, and 12.
· Step3: UE3 updates its V-LID and selects the mandatory resource from TFRP, and so do UE4/UR5.
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Figure 8: Example of TFRP resource selection and update for new UE, with three steps.
In case of UE transmission with large size packet:
UE with larger size packet selects both mandatory and optional TFRP resources in different TFRP sub-groups, according to the size of transmit packet, in order to avoid the impact of half-duplex. Figure 9 exemplifies that, UE1 needs to transmit the packet with double size. Thus, UE1 selects the V-LID1 from the mandatory resource in TFRP sub-group-(n), and V-LID11 from the optional resource in TFRP sub-group-(n+1). Alternatively, UE1 can select V-LID12 as well. This concept resembles the retransmission resource selection applied in LTE-V2X, where a UE enables to select retransmission resource in the selection window of 
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ms, and the subframe n is reserved for the initial transmission.
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Figure 9: Example that UE1 needs to transmit double size packet.
It should be noted that, while the portion of the packet in the optional resource may experience somewhat interference due to the inevitable collision, the portion of the packet transmitted in the mandatory resource guarantees the performance. This ensures the overall packet performance.
Proposal-3: Separate the TFRP resources into two types; the mandatory resource, and the optional resource. Both TFRP resources are flexibly controlled by each UE, to overcome the UE initialization and the transmission with large size packet.
5. Correlation based TFRP Mapping
In the previous discussion, we have introduced both mandatory and optional TFRP resources, to realize both new group member variation control and transmission with larger size packets. However, some issues are still remained as follows:
· How to determine the mapping between the 1st V-LID and UE-ID, in each sub-group?

· Different UE-ID mapping in the 1st V-LID results in different mapping patterns for group UEs, even the mapping rule is predetermined.

· Here, different UE-ID mapping in the 1st V-LID may imply multiple patterns configured to transmitter UE, where a sensing procedure should be executed by the UE (agreed in [1]).
· How to instantly identify both mandatory and optional resources, in each sub-group?

· Remained optional resources in each sub-group could be various.
Figure 10 illustrates the scenario of UE-ID1 mapping in 1st V-LID in sub-group-n, and UE-ID6 in sub-group-(n+1), while Figure 11 illustrates the scenario of UE-ID2 mapping in 1st V-LID in sub-group-n, and UE-ID7 in sub-group-(n+1). This could result in the ambiguity once UE makes TFRP recourse selection.
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Figure 10: Example with starting point of UE1 in sub-group-n, and UE6 in sub-group-(n+1).
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Figure 11: Example with starting point of UE2 in sub-group-n, and UE7 in sub-group-(n+1).
In order to resolve the issues raised above, we propose a mechanism of calculating the correlation to synchronize the mapping resources. Here, two mapping tables are introduced as follows:
· Each UE is capable of detecting mapping table (say, TABLE_sci), by sensing SCIs transmitted from group UEs within the communication range.
· For example in Figure 12, UE3 has the TABLE_sci, with failed SCIs from UE2 and UE8. Therefore, the mapping table cannot be precisely determined based on individual UE sensing results.
· Each UE has reference mapping tables (say, TABLE_ref) updated between V-LID (or TFRP) and UE-ID, based on the broadcast location information from group UEs within the communication range. TABLE_ref is determined as a function of the UE-ID, which maps to the 1st V-LID in each TFRP sub-group (denoted Top-UE-ID as a parameter). This concept implies “(pre)-configuration of multiple sidelink transmission patterns”, agreed in Mode-2(c), in RAN-1 #95 meeting.
· For example in Figure 13, UE3 has TABLE_ref(1), with Top-UE-ID1, in sub-group-n, and Top-UE-ID6 in sub-group-(n+1), similar to Figure 10. Alternatively, with Top-UE-ID2 in sub-group-n, and Top-UE-ID7 in sub-group-(n+1), TABLE_ref(2) varies in Figure 11.
· Note: the reference mapping table is explicitly determined based on the parameter of Top-UE-ID in sub-group, as long as the TFRP is (pre-)configured. 
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Figure 12: Example of detecting mapping table (TABLE_sci), by sensing SCIs transmitted from group UEs within certain range.
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Figure 13: Example of reference mapping tables (TABLE_ref) updated between V-LID (or TFRP) and UE-ID.
Now, it is ready for each UE to synchronize the mapping tables between TABLE_ref and TABLE_sci, by calculating the correlation as a function of Top-UE-ID. Here, we reuse the above example to explain how the correlation based TFRP mapping procedure works.
In Figure 14, UE3 needs to find out a proper Top-UE-ID in each sub-group, from TABLE_ref, which most matches TABLE_sci, based on the correlation calculation by attempting all the candidates from Top-UE-IDs in each sub-group. In the example, it can be observed that, TABLE_ref(1) with Top-UE-ID1 in sub-group-n, and Top-UE-ID6 in sub-group-(n+1) well matches TABLE_sci, compared to TABLE_ref(2) with Top-UE-ID2 in sub-group-n, and Top-UE-ID7 in sub-group-(n+1).
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Figure 14: Example of correlation between TABLE_ref and TABLE_sci.
The correlation based TFRP mapping procedure can be formulized, in general. We define that the number of UEs is K in the group, surrounding in target UE, and requiring LK TFRP resources, due to the L-fold resources dedicated to each UE for the initial transmission and 
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where 
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The best reference mapping table in terms of the index m, can be derived by each UE, as
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Remarks:
· The correlation calculation is localized within the group, which is not centralized in the network due to the scenario of out of coverage. We believe, nevertheless, the resultant best reference mapping tables for UEs in different groups are fully correlated if the number of UEs in each group, K, is larger enough.
· The number of reference mapping tables, M, depends on the number of UEs in the group, K. This may require a high complexity to search the best reference mapping table, especially when K becomes larger. In order to reduce the number of reference mapping tables, however, each UE can check the TABLE_sci prior to performing the correlation calculation. This is because the TFRP resource pattern information appears in TABLE_sci, so that the searching space can be narrowed down significantly.
· In TABLE_sci, exemplified in Figure 14, UE3 is aware of the UE1 and UE6 to utilize the same TFRP resource pattern, always next to each other. Thus, UE1 and UE6 could tentatively be Top-UE-IDs to reduce the number of reference mapping tables. Alternatively, UE5 and UE9 utilize the same TFRP resource pattern, which assists to reduce the searching space as well.
Proposal-4: Introduce two mapping tables in each UE, one is TABLE_sci, acquired by sensing mechanism within the communication range, and the other is TABLE_ref, updated between V-LID (or TFRP) and UE-ID, based on the location information. The correlation between two tables is implemented in each UE to find out the best TFRP resource for each UE.
6. System Level Simulation Evaluation
In our SLS based evaluation, we utilize the same sub-channel structure as LTE-V2X, where the sub-channels as a group of RBs in the same slot are used to transmit data and control information. Non-adjacent PSCCH+PSSCH sub-channelization scheme is implemented with three resource selection schemes, as follows:
· Mode-2a only transmission scheme (denoted mode-2a scheme) considers PSCCH decoding and PSSCH-RSRP measurement, as a benchmark in considering the lowest bound, based on step 1~9 with full sensing configuration, in section 14.1.1.6 of TS 36.213 [4].
· TFRP based sidelink transmission scheme, perfectly controlled by gNB (denoted gNB based FTRP scheme) and proposed in [2]

 REF _Ref533174842 \n \h 
[3], considers that the vehicle UEs are assigned into the subgroups with the (pre-)configured TFRP in order to avoid the half-duplex impact. This scheme achieves the best PRR in gNB coverage as a benchmark.
· Geographic information based dynamic TFRP based sidelink transmission scheme (denoted V-LID based FTRP scheme) proposed in this contribution, considers the V-LID, whereby each UE selects the FTRP resource based on groupcast UE location, UE-ID and V-LID. This scheme is evaluated under out of coverage.
In our SLS, we evaluate the performance in terms of PRR and packet inter-reception (PIR). The simulation methodology relies on [5], where the periodic and aperiodic traffic models with medium intensity are applied. We focus on the ITS band of 5.9GHz with 20MHz bandwidth, equivalent to 100 resource blocks (RBs). The detailed SLS simulation assumptions are listed in Table 2 of Annex-1.

Based on highway case of 3GPP TR 37.885 V15.0.0 [5], with 140km/h of vehicle speed, the number of vehicles in 2km area is about 140 on average. Due to the medium intensity traffic used as the simulation profile, the following assumptions with the periodic and aperiodic traffic models are considered for the sub-channelization utilized for each transmit UE.

· Periodic traffic model: 40RBs corresponding to 4 sub-channels (each consists of 10RBs) are dedicated to each TB (either initial or retransmission) in each slot, in order to ensure the block error rate (BLER). This results in 140 TBs (including both initial and retransmission) within 50ms. Owing to 20MHz bandwidth in ITS band of 5.9GHz, the channel resources in each slot only fulfill two TB transmissions, and 70 slots is necessary. In this case, the TFRP is generated based on 
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, as illustrated in Figure 1.
· Aperiodic traffic model: 18RBs consists of 1 sub-channel dedicated to data traffic, corresponding to 5 sub-channels in frequency domain and 5 PSCCHs dedicated to delivering SCIs in each slot. In this case, the TFRP is generated based on 
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, as illustrated in Figure 1. Due to the arrival aperiodic packets with the varying sizes, the number of sub-channels is dynamically allocated to each data packet, relying on Table 1. This means that, each TB is ensured to be assigned with one mandatory sub-channel, in order to avoid the collision between transmit UEs, even in the optional sub-channel. In this case, the mandatory sub-channel is utilized to deliver the part of TB, as well as the reservation information for the optional sub-channels. 
Table 1: Sub-channel assignment for aperiodic data packet.
	Packet Size (byte)
	# of Mandatory Sub-Channels
	# of Optional Sub-Channels
	Code Rate

	200
	1
	0
	0.2350 

	400
	1
	0
	0.4664 

	600
	1
	1
	0.3490 

	800
	1
	1
	0.4647 

	1000
	1
	1
	0.5804 

	1200
	1
	2
	0.4641 

	1400
	1
	2
	0.5413 

	1600
	1
	2
	0.6184 

	1800
	1
	3
	0.5217 

	2000
	1
	3
	0.5796 


Figure 15 and Figure 16 show the PRR as a function of vehicle-to-vehicle distance, in case of periodic and aperiodic traffics, respectively, compared between mode-2a, gNB controlled TFPR, and V-LID based FTRP. The PRRs with the large scale are plotted in Figure 19 and Figure 20, for the reference purpose. 
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Figure 15: PRR vs. vehicle-to-vehicle distance, compared between mode-2a, gNB controlled TFPR, and V-LID based FTRP, for periodic traffic.
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Figure 16: PRR vs. vehicle-to-vehicle distance, compared between mode-2a, gNB controlled TFPR, and V-LID based FTRP, for aperiodic traffic.

Figure 17 and Figure 18 show the PIR as a function of vehicle-to-vehicle distance, in case of periodic and aperiodic traffics, respectively, also compared between mode-2a, gNB controlled TFPR, and V-LID based FTRP.
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Figure 17: PIR vs. vehicle-to-vehicle distance, compared between mode-2a, gNB controlled TFPR, and V-LID based FTRP, for periodic traffic.
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Figure 18: PIR vs. vehicle-to-vehicle distance, compared between mode-2a, gNB controlled TFPR, and V-LID based FTRP, for aperiodic traffic.
According the simulation results, several observations can be made as follows:

· Both gNB controlled TFPR and V-LID based dynamic FTRP schemes offer the outstanding performance than mode-2a, although the V-LID based dynamic FTRP scheme slightly suffers the degradation compared to the gNB controlled TFPR scheme.
· The PIR is almost perfectly controlled, justifying the achievable reliability in terms of latency required by both periodic and aperiodic traffics.
It is ensured that, as a consequence, the geographic information based dynamic TFRP scheme can provide the very reliable resource selection, and fulfill the stringent requirement in terms of PRR and latency.
Observation-1: the geographic information based dynamic TFRP scheme can provide the very reliable resource selection, and fulfill the stringent requirement in terms of PRR and latency.
7. Conclusion
In this contribution, we have proposed the geographic information based dynamic TFRP resource selection procedure by each UE, relying on the UE-related geographic information (e.g., position). Our system level simulation results have investigated that the proposed dynamic TFRP resource selection procedure enables to mitigate the half-duplex impact, offer the significant capacity gain, and fulfil the stringent requirements. The following observation and proposals should be taken into account.
Observation-1: The geographic information based dynamic TFRP scheme can provide the very reliable resource selection, and fulfill the stringent requirement in terms of PRR and latency.
Proposal-1: Each UE broadcasts its geographic information, for the purposes of group forming, communication range based ACK/NAK feedback, and so forth.

Proposal-2: Introduce a new parameter V-LID, whereby UE-ID and TFRP can be one by one linked for dynamic TFRP resource mapping.
Proposal-3: Separate the TFRP resources into two types; the mandatory resource, and the optional resource. Both TFRP resources are flexibly controlled by each UE, to overcome the UE initialization and the transmission with large size packet.
Proposal-4: Introduce two mapping tables in each UE, one is TABLE_sci, acquired by sensing mechanism within the communication range, and the other is TABLE_ref, updated between V-LID (or TFRP) and UE-ID, based on the location information. The correlation between two tables is implemented in each UE to find out the best TFRP resource for each UE.
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Annex-1: SLS Simulation Assumptions and Results

The system level simulation is performed based on the simulation assumptions, listed in Table 2. 
Table 2: SLS simulation assumptions.

	Attributes
	Values or Assumptions

	Number of drop
	30

	Simulation length
	5000[slots](5s) + warmup(8000[slots])

	Scenario
	Base on Highway case of 3GPP TR 37.885 V15.1.0 [5], applying R1-1811915

	Channel model
	Pathloss：Table 6.2.1-1 of TR 37.885
Shadowing：STD 3dB, Decorrelation distance 25m
Fast fading：Section 6.2.3 in TR 37.885

	Speed of vehicle
	140km/h

	The distance between the rear bumper of a vehicle and the front bumper 
	Average 2.0[s] with min 2[m]
(vehicle length 5[m])

	Average number of vehicles
	145 on average, in 6 lanes

	SINR calculation interval
	1 RB, 1 slot

	Carrier frequency
	5.9[GHz]

	Bandwidth
	20[MHz] (100RBs, 1200subcarriers)

	Subcarrier spacing
	15[kHz]

	Slot length
	1[ms] (14symbols)

	Transmission power
	23[dBm]

	TX Antenna Configuration
	1 antenna

	RX Configuration
	4 antennas with λ/2 spacing

	Antenna pattern
	Omnidirectional

	Antenna height
	1.6 [m] (option A, type 2)

	Antenna gain
	3 [dBi]

	Noise figure
	9 [dB]

	Number of DMRS
	4

	Subchannel type
	Non-adjacent PSCCH+PSSCH scheme

	Number of RBs in PSCCH
	2RBs

	Number of RBs in PSSCH
	Periodic traffic: 40RBs
Aperiodic traffic: 18, 36, 54, and 72RBs

	Size of sub-channel
	Periodic traffic:10RBs
Aperiodic traffic:18RB

	Modulation and Code rate
Error curve type
of PSCCH
	Tail biting convolutional coding 
(constraint length 7, cade rate1/3)
code length 384bits, information bits 32bits + CRC 16bits

	Modulation and Code rate
Error curve type
of PSSCH
	Turbo code
For periodic traffic:
40[RB×slot], 800byte：

per CB, code length 14582bit, TBS  6144bit  (16QAM)

40[RB×slot], 1200byte：

per CB, code length 9600bit, TBS  6144bit (16QAM)
For aperiodic traffic:

 10, 20, 30, 40, 50, 60, 70, 80[RB×slot], depending on the TB size.

	Traffic mode
	50ms inter-packet arrival, 50% vehicles generate packets (1200byte packet 20%、800byte packet 80%)
Aperiodic traffic: 100ms inter-packet arrival, 100% vehicles generate packets

	Resource selection scheme
	1. Mode-2 (with SCI decoded, PSSCH-RSRP, S-RSSI) in LTE-V2X
2. Orthogonal PSCCH and TFRP based PSSCH

	Threshold for excluding SCI decoded resources
	-128[dBm]

	SL_RESOURCE_RESELECTION_COUNTER
	Randomly select a value between [10 30] in traffic interval 50ms
1. The counter decremented by one after every transmission
2. Resource reselection is triggered if the counter reaches to zero (probResourceKeep=0.8)

	Repetition
	Repetition combining: chase combining with

the same number of sub-channels as initial Tx
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Figure 19: PRR vs. vehicle-to-vehicle distance, compared between mode-2a, gNB controlled TFPR, and V-LID based FTRP, with periodic traffic.
[image: image47.emf]0.90

0.91

0.92

0.93

0.94

0.95

0.96

0.97

0.98

0.99

1.00

0 50 100 150 200 250 300 350 400 450

PRR

Vehicle-to-Vehicle Distance [m]

PRR vs. Vehicle-to-Vehicle Distance for Aperiodic Traffic

mode-2a

gNB based TFRP

V-LID based TFRP


Figure 20: PRR vs. vehicle-to-vehicle distance, compared between mode-2a, gNB controlled TFPR, and V-LID based FTRP, with aperiodic traffic.
For out of coverage operation, Mode-2(c) assumes (pre)-configuration of single or multiple sidelink transmission patterns (patterns are defined on each sidelink resource pool). 


For in-coverage operation, Mode-2(c) assumes that gNB configuration indicates single or multiple sidelink transmission patterns (patterns are defined on each sidelink resource pool)


FFS pattern design in time and frequency for periodic and aperiodic traffic


If single pattern is configured to transmitting UE there is no sensing procedure executed by UE


If multiple patterns are configured to transmitting UE there is a possibility of sensing procedure executed by UE


Pattern is defined as follows


Size of the resource in time and frequency


Position(s) of the resource in time and frequency


Number of resources


FFS pattern selection procedure by UE
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