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1. Introduction

In RAN1#84bis, it is agreed to introduce a mechanism to reserve a set of transmission resource for the next transmission considering that V2X message is transmitted with semi-periodic manner [1]. A concept of sensing window to identify available resource is also agreed.
	Agreement:
· In UE autonomous resource selection mode,

· UE transmits SA at TTI n+c indicating the associated data which is transmitted at TTI n+d (FFS d with d>=c), where c and d are integers

· UE indicates whether it intends to reuse the frequency resource signaled for transmission at TTI n+d for potential transmission at TTI n+e for another TB (FFS e with d<e), where e is an integer

· FFS whether this indication is implicit or explicit.

· FFS if and how to signal the value for e

· FFS how the UE determines the value for e

· FFS whether e is a single value or can be multiple values

· FFS whether, and if so how, a UE can notify later that it no longer intends to use the resource at TTI n+e.

· FFS how the UE decides to indicate this

· Other details FFS
Agreement:
· If at TTI n resource selection/reselection is triggered in UE autonomous resource selection mode,

· The UE at least senses between TTI n-a and TTI n-b (FFS a and b with a>b>0), where a and b are integers

· Working assumption: The values a and b are common for V2V UEs. 

· UE selects time-frequency resource(s) for PSSCH 

· UE transmits SA in TTI n+c where c is an integer

· FFS whether c is a fixed value (>= 0) or variable.


In this contribution, we discuss further detail of transmitter UE behaviour for sensing-based resource allocation which covers sensing, resource selection/reselection and reservation.
2. Sensing and resource selection/reselection
Sensing based resource selection is targeting to avoid resource collision among transmitting UEs. It is observed that PRR is greatly improved compared to random resource allocation. On the other hand, several latency components can be introduced for sensing-based resource allocation, i.e., latency due to sensing and resource selection/reselection. So we discuss possible latency and potential enhancement to avoid additional latency on sensing-based resource allocation. Proposed sensing and resource selection/reselection is summarized in Figure 1.
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Figure 1: Sensing and resource selection/reselection time-line
For resource selection, UE needs to identify available resources by sensing within a window (sensing window). If the sensing window is shorter than maximum reservation interval of N subframes, some reservation intention is missed and reserved resources can be regarded as unoccupied. Therefore sensing window should be equal to the maximum reservation interval, e.g., N = 1000 ms. If UE has to monitor all the subframes within a sensing window, UE needs to suspend all the V2X transmissions within a sensing window due to half duplex constraint. Therefore, additional latency equivalent to sensing window is introduced every reselection. Considering latency requirement of 100 ms, the additional latency equivalent to sensing window size is unacceptable. Therefore, UE should be able to perform sensing in background in order to avoid additional latency for sensing on reselection. That is, sensing shall be skipped on the selected subframes and subframes in potential reservation intervals (e.g., 100 ms, 200 ms, 500 ms, 1 sec, if reservation interval is variable) are assumed to be occupied.
Proposal 1: Sensing window size is equal to the maximum reservation interval N, e.g., N = 1000 ms
Observation 1: If UE has to monitor all the subframes within a sensing window, UE needs to suspend all the V2X transmissions within a sensing window due to half duplex constraint.

Proposal 2: Background sensing is supported so that sensing does not increase latency for resource selection. On reselection, sensing shall be skipped on the selected subframes and subframes potentially reserved by the selected subframes are assumed to be occupied.
After sensing, UE is able to select un-occupied resource at most among next N subframes where UE is aware of resource occupancy. UE may randomly select transmission resource from N subframes. –Although UE performs energy measurement and be aware of least interfered resource, random resource selection among un-occupied resources is beneficial to avoid resource collision among neighbour UEs performing resource selection simultaneously– If UE can keep previously selected transmission resource, UE is able to select/reselect new resource in parallel of previously selected resource. However, if UE has no available transmission resource on reselection, e.g., when reselection is triggered by collision detection, maximum latency of N subframes is introduced for resource selection. If the sensing window is 1000 ms and UE randomly selects transmission resource within 1000 ms, additional latency due to selection/reselection would be infeasible to meet the latency requirement. Therefore, a selection window which is independent of sensing window needs to be defined. The selection window size M can be UE specific or priority specific. For example, if the V2X packet is for pre-crash safety, the resource selection should be performed within 20 ms while resource selection within 100 ms is sufficient for periodic V2V messages.
Proposal 3: Selection window in which UE performs random resource selection among available resources after sensing is defined to meet the latency requirement. The window size can be UE specific. 
3. Resource reservation

Reservation intention
In RAN1#84bis, concept of resource reservation for next V2X transmission is agreed. The reservation intention assumes reuse of the frequency resource scheduled for previous transmission and how to identify the subframe(s) for the reserved resource is FFS. If explicit signalling is introduced for the reservation intention, two subframe identifications are considered as shown in Figure 2.
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Figure 2: Options for explicit reservation intention
The option 1 assumes fixed time-line between reservation intention and reserved resource. 1-bit indicator will be carried by SA which indicates whether to reserve next transmission occasion. The interval between reservation intention and reserved resource can be fixed to maximum reservation interval, e.g., 1 sec. If reservation time-line is fixed to 1 sec, 100, 200, 500 ms reservation interval can be realized by interlaced reservation intensions. Although option 1 does provide reservation intention with limited flexibility for reservation, potential reservation intention can be directly estimated by energy detection without SA decoding.

Option 2 is more flexible indication where interval between reservation intention and reserved resource is explicitly carried by SA. For example, 2 bits indicator carries information of {No reservation, 100 ms, 500 ms, 1000 ms}. Option 2 allows UE to have agile decision on reservation intention with the cost of additional payload in the SA while UE has to decide whether to reserve a resource 1 sec before transmission in option 1.
If implicit reservation intention is assumed, the reservation intention can be associated with transmission resource or scrambling of SA. However, such implicit intention degrades resource utilization or increases UE complexity for blind detection. Since explicit reservation requires only one or few bits of signalling overhead, benefit of implicit reservation cannot be justified. Therefore we propose to indicate reservation intention explicitly in SA. Format of reservation intention in SA needs to be down selected from option 1 and option 2.
Proposal 4: Reservation intention is explicitly indicated by SA contents.
Proposal 5: Down select between following reservation intention

· Option 1: One bit reservation intention with fixed reservation time-line, e.g., 1 sec
· Option 2: Reservation intention with variable time-line, e.g., {No reservation, 100 ms, 500 ms, 1000 ms}
Cancellation and/or confirmation after reservation intention

According to discussion in RAN1#84bis, resource reservation is likely to be performed based on traffic prediction obtained by previous V2V transmissions without cross layer cooperation to acquire future traffic pattern. However, the real traffic may not perfectly follow the traffic prediction. Therefore, the reserved resource may need to be modified after transmission of reservation intention. According to the real traffic arrival, reservation intention for each reserved resource may need to be updated after initial transmission of reservation intention. Several level of update is considered:
· Option 1: Modification on reserved resource (e.g., modification on frequency resource)
· For example: when the real arrival data packet size is different from that of the predicted traffic;
· Option 2: Cancellation on reserved resource [2]
· For example: when data does not arrive before the reserved resource;
· Option 3: Confirmation of reserved resource

· For example: when the reserving UE is confident to use the reserved resource; 
Both option 2 and option 3 can be used to release the resource if there is no buffered data for transmission in the reserved resource. For option 2, the cancellation should be sent when UE is certain that there will be no buffered data for transmission in the reserved resource; while for option 3 the confirmation should be sent when predicted data has arrived, and sensing UE assumes that reserved resource is released if confirmation is not received within certain time duration from any UEs. Generally speaking, UE may not be able to decide whether the reserved resource can be cancelled until there is no time to transmit in the reserved resource; while UE can confirm the use of reserved data once predicted data arrives. An example is shown in Figure 3. 
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Figure 3: update the reservation intention by confirmation and cancellation 
From sensing UE perspective, multiple reservation intentions from different UEs for the same resource can be received. For example, two UEs geographically separated can reuse the same reservation resource but can both be sensed by other UE. In general, if such resource reservation updating is indicated by SA, the updating SA from one UE should not have impact on reservation intention by other UEs. If several UEs are reserving same sidelink resource and one of the reserving UE transmits modification or cancellation SA on the resource, sensing UE may regard that the reservation is modified or cancelled by all UEs. However, it is not intended by the other UE(s). Since SA in Rel-13 D2D does not contain information of source UE, sensing UE may have no information on source UE if data is not transmitted. Therefore, if option 1 or option 2 is supported, SA should contain an ID to distinguish reservation intention from different UEs. Also, UE complexity for sensing will be increased because sensing UE needs to store reservation intention associated ID to verify the modification/cancellation.

Observation 2: On reception of modification or cancellation for reserved resource, sensing UE is required to distinguish the indication from different UEs to avoid unexpected resource release.
On the other hand, option 3 does not require such management of reservation process by sensing UE. Sensing UE assumes that reserved resource is released if confirmation by SA is not received within certain time duration from any UEs. Reserving UE which is confident to use reserved resource may indicate confirmation on the initial reservation intention. In other words, it can be understood as reservation intention has two level of reservation: Reservation which can be reverted later (open-end reservation) and confirmed reservation which cannot be reverted later (fixed reservation). Therefore, additional SA transmission for the confirmation will be only transmitted by limited UEs. Considering the risk for unexpected resource release, we prefer resource confirmation in option 3 if SA can be transmitted without associated data.

Observation 3: On reception of confirmation indication for reserved resource, sensing UE is not required to distinguish confirmation from different UEs.
Proposal 6: Two level of reservation intention (reservation and confirmation) is supported if SA can be transmitted without associated data.
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Figure 4: Validation window for reservation update
For either option 2 or option 3, in order to re-use released resources by other UEs, a validation window in which reservation update is allowed needs to be defined as shown in  REF _Ref450665162 \h 
 \* MERGEFORMAT 4. If reserving UE cannot update after validation window, sensing UE is able to utilize implicitly or explicitly released resource for their transmission. Also, reservation intention with variable time-line is necessary. At least two timeline should be supported to indicate initial reservation and updating reservation. For option 3, more variety of timelines is beneficial to confirm the reserved resource as soon as packet arrivals to layer-2 of the transmitter UE. Therefore, we propose:
Proposal 7: If confirmation indication for reservation intention is supported, the confirmation can be transmitted within validation window and reservation intention should contain a timeline indicator for the reserved subframe.
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Figure 5: Two UEs reserve the same resource in initial reservation intention

With two level of reservation intention, it is possible to allow multiple UEs reserve the same resource while competing with each other by sending confirmation indication. UE which sends confirmation first can use the reserved resource for data transmission while other UEs will re-select the resource. As discussed in our companion contribution [3], reserved resource can be selected with 2nd priority if there is no enough non-reserved resource. In addition, some energy measurement constraints can be defined to avoid potential resource congestion.  An example of two UEs with the same resource reservation can be seen in Figure 5. 

Observation 4: With two level of reservation intention, multiple UEs can reserve the same resource while competing with each other using confirmation indication.
If the above updating indication on reserved resources is not supported, UE should not be mandated to transmit on the reserved resources. Otherwise UE has limited flexibility to modify transmission resource according to the V2X traffic change and unnecessary sidelink transmissions may increase the interference level. On the other hand, if reservation without transmission is allowed, UE may reserve as much resource as possible to ensure its transmission and such greedy reservation may results in resource shortage on sensing. Similar limitation will be beneficial even if updating indication on reserved resources is supported. Therefore, we propose:
Proposal 7: If updating indication on reserved resources is not supported, UE should not be mandated to transmit on a resource set reserved by SA. 
Proposal 8: Number of reserved resource within certain time duration needs to be limited to avoid greedy reservation.
4. Conclusion

In this contribution, we discussed transmitter UE behaviour for sensing-based resource allocation. Observation and proposals are summarized below.

· Observation 1: If UE has to monitor all the subframes within a sensing window, UE needs to suspend all the V2X transmissions within a sensing window due to half duplex constraint.
· Observation 2: On reception of modification or cancellation for reserved resource, sensing UE is required to distinguish the indication from different UEs to avoid unexpected resource release.
· Observation 3: On reception of confirmation indication for reserved resource, sensing UE is not required to distinguish confirmation from different UEs.
· Proposal 1: Sensing window size is equal to the maximum reservation interval N, e.g., N = 1000 ms
· Proposal 2: Background sensing is supported so that sensing does not increase latency for resource selection. On reselection, sensing shall be skipped on the selected subframes and subframes potentially reserved by the selected subframes are assumed to be occupied.
· Proposal 3: Selection window in which UE performs random resource selection among available resources after sensing is defined to meet the latency requirement. The window size can be UE specific.
· Proposal 4: Reservation intention is explicitly indicated by SA contents.
· Proposal 5: Down select between following reservation intention
· Proposal 6: Two level of reservation intention (reservation and confirmation) is supported if SA can be transmitted without associated data.
· Proposal 7: If updating indication on reserved resources is not supported, UE should not be mandated to transmit on a resource set reserved by SA.
· Proposal 8: Number of reserved resource within certain time duration needs to be limited to avoid greedy reservation.
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