3GPP TSG RAN WG1 Meeting #85                                                                            R1-164646
Nanjing, China 23rd - 27th May 2016
Agenda Item:
6.2.2.4
Source:
Lenovo
Title:
Resource pool for V2V
Document for:
Discussion and decision
1 Introduction
During RAN1#84 meeting, regarding resource pool design and resource selection, many agreements are made in [1]:
Agreements:
· SA pool and its associated data pool can be FDMed

· Channel coding and DFT precoding between PSCCH and PSSCH are separated

· Scheduling assignment of PSSCH is transmitted on PSCCH from this UE

· RB size of PSCCH is fixed in the specification.

· FFS contents of PSCCH

Agreements:
· Sensing with semi-persistent transmission is supported

· UE transmits PSSCH (when data is available) on a selected set of periodically occurring resources until a resource reselection occurs

· Other details are FFS

· Sets of resources among which a UE selects can be restricted based on the geo information of the UE

· Send LS to RAN2 asking them to enable mapping a set of locations to a set of resources
Agreements:
· For  sidelink V2V communication mode-1, sidelink semi-persistent scheduling from the eNB is supported

· Sidelink semi-persistent scheduling means that the eNB allocates a set of periodically occurring resources for sidelink SA and data transmission.

· If the UE does not have data to transmit, UE does not transmit PSSCH
· FFS the details of signaling

· Resource allocation/release process FFS, may be different than existing LTE SPS scheme

Additionally, further agreements on resource pool design are agreed in RAN1#84bis meeting [2]:
Agreement:

· When SA and the associated data are transmitted in the same TTI, they can be transmitted in non-adjacent RBs.

Working assumption: 

· In V2V, SA resource and data resource are always FDMed from system perspective

· If significant issues are found, can consider further supporting TDM

Agreement:
· 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)
Agreement:

· 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

· Note: the association does not necessarily include the case of intention of using the resources for a different TB, if any (which is FFS)

Furthermore, regarding resource sensing for UE working in autonomous resource selection mode, below agreements are made for UE sensing:

Agreement:

· Both SA decoding and energy measurement are supported for sensing in UE autonomous resource selection.

· FFS how each of SA decoding and energy measurement is used.

· Note: strive for a design with managable complexity especially in terms of SA blind decodes, UE buffer, etc.

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.

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

Conclusion for Energy measurement for sensing:
· Continue discussion until next meeting for the following options for the purpose of resource selection for PSSCH

· Measurement of reception power of the decoded SA

· Measurement of energy in SA resource

· Measurement of energy in data resource

Therefore, in this contribution, we focus on the remaining issues of resource pool design for Rel-14 V2V communication and present our views.
2 Discussions on resource pool design
During RAN1#84bis meeting, semi-persistent resource scheduling for UE working in eNB-based resource allocation mode (like Mode 1 in D2D communication) and semi-persistent resource selection/reselection for UE working in autonomous resource selection (like Mode 2 in D2D communication)  are extensively discussed and agreed for V2V communications. For V2V communication, considering most latency requirements are in the range of 100 ms or more for delay tolerant vehicular safety messages, it is clear that such semi-persistent resource scheduling or resource selection is quite suitable for the periodic service. In detail, eNB can configure the transmission interval of this SPS service according to the service requirements, e.g., periodicity, latency requirement, and UE can periodically transmit SA and data in the scheduled resource after the SPS process is activated. In that sense, the signaling overhead between eNB and UE can be saved. In case of UE autonomous resource selection, UE can sense the resource for a while and periodically transmit SA and associated data in the resource sensed in idle status. However, it is noted that not all V2V services are periodic and some event-triggered services are more important than periodic service. For example, pre-crash warning message is urgent and has the most stringent latency requirement, e.g., 20ms, as mentioned in TR22.885 [3]:
[PR.5.12.5-001] The E-UTRA(N) shall be able to transfer V2V Service messages between two highly mobile UEs supporting V2V Service with less than 20 ms latency and high reliability.
Furthermore, as mentioned in TR 22.885, the following service requirements are mentioned:

[PR.5.20.5-001] The 3GPP network shall be able to provide means to prioritize V2X Service message transmission for a UE supporting V2X serving specific purpose (e.g. ambulance or patrol car on duty).

[PR.5.20.5-002] The 3GPP network shall be able to provide means to prioritize transmission of V2X Service message according to its type (e.g. whether road safety related message or not).
Therefore, differentiation of radio transmission characteristics of V2V services according to different UEs or different message types is necessary. Similar to Rel-12/13 D2D, multiple resource pools can be an efficient solution for different V2V services. For example, different resource pools can be configured for periodic service and event-triggered service to meet different latency requirements. Semi-persistent resource scheduling and semi-persistent resource selection are adopted in the resource pools targeting for periodic service.
Proposal 1: Different resource pools can be configured for periodic service and event-triggered service to meet different latency requirements.
Proposal 2: Semi-persistent resource scheduling and semi-persistent resource selection are adopted in the resource pools targeting for periodic service.
In UE autonomous resource selection mode, sensing is performed before SA and associated data transmission. RAN1 has agreed the resource selection procedure and introduced a series of parameters, e.g., a, b, c, d and e, to define the sensing procedure. Considering the different latency requirements for different services, the sensing procedure can be different. For periodic service, it is usually delay-tolerant service and can have longer time to perform sensing before actual transmission. As agreed, UE at least senses between TTI n-a and TTI n-b (FFS a and b with a>b>0, a and b are integers), selects time-frequency resource(s) for SA, then transmits SA in TTI n+c (c is an integer, c>= 0) indicating the associated data which is transmitted at TTI n+d (d is an integer, FFS d with d>=c) and transmit data in TTI n+d. This resource selection procedure can work properly with suitable parameter setting for a, b, c and d. However, for event-triggered service, it is urgent service and has 20ms latency requirement. The key problem is the occurrence is not predictable. In case of emergency, the pre-crash message is generated. It is critical to transmit it fast and reliably. Therefore, a fast sensing procedure is needed so that the generated message can be delivered timely.
Proposal 3: The parameter setting for UE autonomous resource selection should consider different latency requirements for different services.
Proposal 4: Fast sensing is needed for event-triggered service.
As mentioned above, in case of UE autonomous resource selection for V2V, sensing is necessary to reduce the resource collision among multiple Tx UEs. Specifically, it takes several subframes to complete SA decoding. Apparently, SA decoding can not be used for sensing for event-triggered service transmission. So energy detection is the only option for sensing especially it is widely used in Wi-Fi and LAA systems. 

In detail, before a UE transmits SA and its associated data, the UE needs to perform energy sensing in order to select one time-frequency resource in one subframe. The detailed sensing is shown in Figure 1. In time domain, the first symbol of each subframe within the resource pool for event-triggered service can be used by transmitting UEs to perform sensing. In frequency domain, the energy sensing can be performed based on the comparison between the received energy level of the REs in the same PRB pair with SA and a predefined threshold. If the sensing result is the received energy is lower than the threshold, UE can use this resource to transmit SA and associated data in same subframe; otherwise, UE can not use the resource. If none of resource is available in one subframe, UE has to perform sensing in the following subframe within the resource pool. As shown in Figure 1, one example of FDM based SA and data pool is shown for V2V. Basically, the available frequency resource is divided into two parts, one for event-triggered service and another for periodic service. In the resource for periodic service, it is further divided into three parts: SA resources are located at the two edges of the data resource, which can provide some kind of scheduling flexibility. In the resource region for event-triggered service, to maintain low PAPR at UE side and avoid the in-band emission from data part, SA and its associated data are always contiguous in frequency domain when they are transmitted in a same subframe, which composes a basic transmission resource unit (TRU). In the resource region assigned for V2V event-triggered service, the available bandwidth in units of PRBs can be divided into several TRUs. The concrete number of PRBs for SA and associated data in one TRU can be configured considering the pre-crash message size for road safety, or fixed in specification for simplicity.
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Figure 1: using LBT for collision avoidance 
In this way, fast sensing can be performed for event-triggered service. It can not only avoid the resource collision for UE autonomous resource selection but also guarantee the SA and associated data for pre-crash message can be transmitted more timely. Since the first symbol in one subframe within event-triggered resource pool is used as the sensing period, the SA and its associated data are transmitted from the second symbol in case of successful sensing on the resource. From a Rx UE’s perspective, it shall skip the receiving in the first symbol and start receiving the SA and associated data from the 2nd symbol.

Proposal 5: The first symbol of one subframe within the event-triggered resource pool is used for sensing period. 

Proposal 6: Contiguous SA and its associated data in frequency domain are supported in same subframe in the resource pool for event-triggered service.

Proposal 7: SA and associated data can be non-contiguous in same subframe in the resource pool for periodic service.
For the multiplexing between SA pool and associated data pool for V2V communication based on PC5 interface, RAN 1 has reached an agreement that SA pool and its associated data pool can be FDMed in one subframe in RAN1#84 meeting and a working assumption that SA resource and data resource are always FDMed from system perspective in RAN1#84bis meeting. Since the motivation for V2V communication to support FDM based SA and associated data pool in same subframe is to reduce the latency and FDM outperforms than TDM, we think SA pool and data pool are always FDMed from system perspective. As for the problem of power sharing between SA and associated data transmission from a given UE’s perspective, it can be solved by transmitting SA and associated data in different subframes so that SA can use power boosting to increase the coverage. Because the support of TDM-based SA and associated data transmission has been agreed and SA can include the transmit timing information for associated data, in case power boosting is needed, UE can transmit SA firstly then associated data in the indicated timing; in case power sharing is not needed, UE can transmit SA and associated in same subframe. Based on this, the power sharing is not a problem.
Proposal 8: Confirm the working assumption: In V2V, SA resource and data resource are always FDMed from system perspective.

3 Conclusion

In this contribution, we focus on the detailed resource pool design for Rel-14 V2V communication and present our views. Based on the analysis, we have the following proposals:
Proposal 1: Different resource pools can be configured for periodic service and event-triggered service to meet different latency requirements.
Proposal 2: Semi-persistent resource scheduling and semi-persistent resource selection are adopted in the resource pools targeting for periodic service.
Proposal 3: The parameter setting for UE autonomous resource selection should consider different latency requirements for different services.
Proposal 4: Fast sensing is needed for event-triggered service.
Proposal 5: The first symbol of one subframe within the event-triggered resource pool is used for sensing period. 

Proposal 6: Contiguous SA and its associated data in frequency domain are supported in same subframe in the resource pool for event-triggered service.

Proposal 7: SA and associated data can be non-contiguous in same subframe in the resource pool for periodic service.
Proposal 8: Confirm the working assumption: In V2V, SA resource and data resource are always FDMed from system perspective.
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