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1 Introduction

At the TSG RAN1 Meeting #84bis, the resource selection mechanism for V2V communication was discussed. The following agreements were made by RAN1 WG:

· 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 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

· 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.

The following additional agreements on timing relationship aspects were made at the RAN1#85 meeting:
· The values of a and b are fixed

· b > 0
· Confirm the working assumption “The values a and b are common for V2V UEs”

· a = 1000 + b
· All the decoded SA transmissions in TTI [n-a, n-b) are taken into account.
· A decoded SA which is associated with data transmissions in data resource(s) at any TTI [n-a, n-b) and transmitted earlier than TTI (n-a) is taken into account.
· FFS: If UE skips sensing on sub-frame m, for e.g.: due to its own transmission in sub-frame m, it excludes resources in subframes at m+100*k in the resource (re)selection (if triggered), until it is able to perform sensing in those sub-frames.

· FFS on the following:
· c > 0

· c, d <= 100
· FFS how to further restrict the selection of c and d, e.g., to fulfill the latency requirement
· FFS on the details of e, e.g., the receiver UE assumption on the transmitter UE behavior in reusing the same resource.
Additional proposals were made during the RAN1 e-mail discussion [85-09] on the FFS points raised at the RAN1#85.
Proposal on point 1 (whether UE skips sensing):

· UE skips sensing at least on the subframes used for its own transmissions.

· FFS how this is reflected in the resource (re)selection, e.g., whether/how to exclude the subframes for which sensing result (including information gathered from both energy measurement and SA decoding) is not available at least in case of SA and data are transmitted in the same subframe.

Proposal on points 2&3 (values of c and d):

· Discuss in RAN1#86 whether the following is needed.

· UE is not required to transmit PSCCH at TTI n+c with c<cmin.

· FFS the exact value of cmin.

· c <= d <= dmax
· FFS how dmax is determined to fulfil the latency requirement of the packet to transmit, e.g., whether dmax is dependent of the priority level.

· Discuss in RAN1#86 whether further clarification is needed on the time reference of resource reselection, e.g., including the proposal in R1-165909.

Proposal on points 4&5:

· Continue discussion in RAN1#86 on “e,” including the following proposal discussed in this email discussion:

· A receiver UE decoded an SA assumes that the same frequency resource is reserved by the SA transmitter UE at TTI n + d +P*j for j=i, 2*i, …, J*i.

· P=100

· FFS details of J, e.g., whether it is explicitly signalled in the SA, J is fixed in the specification (including fixed to 1).

· FFS details of i, e.g., whether it is explicitly signalled in the SA, (pre)configuration can be used to restrict the selection of i, i is fixed in the specification, or it is an integer between 0 and 10.

In this contribution, we continue discussion on remaining details of timing relationship between sensing window, reselection trigger, packet arrival time, transmission timing of control and associated data as well as the indication of the intention to reuse the frequency resource for another TB. Our views on other PC5 V2V communication aspects are provided in our companion contributions [1]-[10].
2 Notations of Resource Reselection Timing Relationship

In this section, we discuss timing relationship between sensing window, resource reselection trigger and resource allocation decision. We start from overview of timing relationship discussed at the last RAN1 WG meeting reusing the agreed notations:

· n – time instance of the resource reselection trigger;
· [(n-a); (n-b)) – sensing window used for resource selection corresponding to the trigger at time instance n;
· (n+c) – time instance of SCI (PSCCH) transmission when resource (re)-selection was triggered;
· (n+d) – time instance of data (PSSCH) transmission after resource reselection;
· (n+e) – time instance(s) of data (PSSCH) transmission for other TB(s) e = [e1, e2, e3,…].
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Figure 1: Timing relationship of resource reselection according to agreements at RAN1#84.
In the next subsections we discuss open aspects of resource reselection timing relationship.
3 Discussion on V2V Resource Reselection Timing
On timing relationship between packet arrival and resource reselection trigger instance

At first, we propose to “redefine ‘n’ as a time instance of the arrival to PDCP layer of the first packet after resource (re)-selection” is triggered given that there are several cases to be considered:
· Case 1. Resource reselection is triggered when packet is available at the radio-layer buffer. In this case, the remaining latency budget may not be sufficient to complete resource reselection or the timing of the selected resource may violate latency budget. There are several possible UE behaviors in this case:
· Drop packet.
· Transmit packet according to the previous resource selection decision.
· Transmit packet according to the new selected resource if latency is satisfied.
· Case 2. Resource reselection is triggered when radio-layer buffer is empty. In this case the resource reselection trigger should be adjusted towards the time instance of packet arrival at PDCP layer. The sensing window should be adjusted accordingly.
· Case 3. Packet and resource reselection trigger instances are time aligned. This case is unlikely to be practical given that resource reselection triggers and packet generation are typically independent events. The alignment of trigger with already generated packet may also reduce latency budget, depending on the type of trigger.
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Figure 2: Proposed clarification on timing relationship for resource (re)selection procedure.
Proposal 1
· Redefine ‘n’ as a time instance of the first packet arrival to PDCP layer after resource (re)-selection is triggered.
· UE completes transmission of the packet on the previously selected resource if new selected resource does not satisfy latency budget.

Another aspect that needs to be considered is a fixed time for resource (re)selection decision. In other words, two UEs that received resource reselection trigger at the same time instance and under equal conditions should have the same PSSCH and PSCCH transmission windows for resource selection. This assumes that potential packet arrival jitter effects are taken into account by upper layers, otherwise the maximum packet arrival jitter Tjitter should be taken into account in resource reselection trigger, i.e. additional delay needs to be introduced once resource reselection is triggered.
Observation 1
· Initiation of resource reselection trigger may take into account potential packet arrival jitter.

Proposal 2
· Time to make a resource reselection decision after initiation of resource (re)-selection is fixed.

On fixed timing for control transmission ‘c’
The value of ‘c’ is defined with respect to the resource reselection trigger (or as was discussed above with respect to the first packet arrival instance after reselection trigger is initiated). These processes are completely independent from the resource allocation aspects and thus under certain resource allocation it may not be feasible to transmit at fixed time instance ‘c’, e.g. due to unavailable PSCCH resource. Therefore the value of ‘c’ can be only variable. In addition, given that UE does not know the exact time of packet arrival due to potential jitter, then it may decide to postpone resource reselection procedure.
On resource reselection time

Another open question is whether UE is not required to transmit PSCCH at TTI (n+c) with c < cmin, where cmin can be interpreted as a resource reselection decision time (Tdecision). The value of (b+cmin) defines the timing relationship between sensing and PSCCH transmission window. In general, the value of ‘b’ can be set to 4 ms, while value cmin needs to be further analyzed once details of resource reselection procedure are finalized in RAN1 WG.
Proposal 3
· The value of ‘c’ is variable.

· The value of ‘b’ is fixed to 4 ms.

· The value of ‘cmin’ (Tdecision) is determined once details of resource reselection procedure are finalized.

On half-duplex impact on resource (re)selection procedure
In case when UE transmits on subframes (m+k·P), it cannot perform sensing on these subframes and thus it needs to be discussed how it is reflected in resource reselection. In general case, UE may detect transmissions from other UEs occupying the subframes (m+k·P) when it processes the sensing window. This information can be detected from SCI when transmission periods are different or in case if multiple PSCCH retransmissions are supported per TB and some of the PSCCH retransmissions do not overlap. The more details on these aspects are provided in our companion contribution [10].
On timing relationship of PSCCH and PSSCH transmissions with respect to resource reselection trigger
Another open aspect is how to restrict the selection of c and d (e.g. to fulfill the latency requirement, c ≤ d ≤ dmax) and whether dmax should depend on priority.
In general, the timing relationship depends on resource allocation aspects of PC5 V2V communication (e.g. UE-specific or cell-specific transmission windows) [6]. It should be noted that parameters ‘a’, ‘b’ and ws may be contiguous (arbitrary integer) or quantized (e.g. ‘a’ and ‘b’ may be multiple of ‘p’, where ‘p’ may characterize PSCCH transmission window duration in case of cell-specific transmission window). The contiguous values ‘a’ and ‘b’ may be used in case of UE-specific transmission windows. In addition, reselection trigger may happen at arbitrary time instance ‘n’ which is not aligned with resource allocation configuration, which automatically means that it is difficult to ensure fixed timing relationship between PSCCH/PSSCH transmission windows and resource reselection trigger. On the other hand the fixed timing relationship between sensing and transmission windows can be preserved. 
Therefore, in our view, the timing of control and data transmissions (values ‘c’ and ‘d’ respectively) should not be fixed with respect to the reselection trigger time instance. The values ‘c’ and ‘d’ should be variable and selected within PSCCH and PSSCH transmission windows respectively based on resource selection procedure:
· c1 ≤ c < c2 – time transmission window for PSCCH;
· d1 ≤ d < d2 – time transmission window for PSSCH.
Proposal 4
· Fixed timing relationship is defined between sensing and transmission windows.
· Timing of sensing and transmission window may vary with respect to resource reselection trigger time instance.
Below we describe in more details the timing relationship for PC5 sensing in terms of transmission windows for PSCCH and PSSCH that may or may not overlap depending on resource configuration option and system configuration settings (i.e. FDM-TDM or FDM-SSF resource allocation options are configured, see Figure 3 and Figure 4 for illustration).
Once resource reselection is triggered at time ‘n’ UE should find the start of PSCCH transmission window at time (n+c1), where
· c1 – indicates the nearest to ‘n’ relevant transmission opportunity (i.e. start of PSCCH transmission window) to transmit SCI indicating re-selected resources. At the time instance (n+c1), the resource reselection decision should be made for both control and data (parameters ‘c’ and ‘d’). In general, the start of PSCCH transmission window is a function of reselection trigger time instance, resource allocation option and time required to perform reselection:

· c1 = function (n, PSCCH resource configuration + geo-mapping, Treselection);

· The minimum time instance for c1 = n - b + Treselection = n + Tdecision; (Tdecision = Treselection – b). This is valid for FDM-SSF resource allocation option in case if there is no geo-based transmission restriction. In case if UE is restricted to transmit on certain subframe sets the c1 = n + ΔPSCCH + Tdecision, where ΔPSCCH ≥ 0 is an offset to the nearest relevant PSCCH resource subject to resource configuration and geo-mapping constraints with respect to time instance n+Tdecision. The sensing window should also shift in time on ΔPSCCH   in order to collect the most recent information on ongoing transmissions.
· Notes: Tproc = b << sensing window duration ws = (a-b);

· Notes: c1 may be far away from n or even provided by higher layers in case of geo-based resource association for transmission.
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Figure 3: Timing relationship for the case when PSCCH and PSSCH are FDMed from system perspective.
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Figure 4: Timing relationship for the case when PSCCH and PSSCH are FDMed from UE perspective.

· Treselection – the reselection processing time is defined as a time elapsed from the end of sensing window to the time instance, when resource reselection decision is available (overall processing time). This processing time should be common across UEs.
· Treselection = Tproc + Tdecision = b + Tdecision;
· Tproc – sensing window delay – indicates time required to process all PSCCH signals within given sensing window to initiate resource selection decision (Tproc = b). When reselection is triggered (‘n’), the sensing window utilized for resource selection is ‘b’ subframes away.
· Tdecision – time required to make a resource (re-)selection decision when sensing window is fixed and all PSCCH signals within given sensing window are taken into account.
· The end of PSCCH transmission window is also a function of multiple arguments
· c2 = function (c1, PSCCH transmission window duration - wc, PSCCH resource allocation). In simple case, c2 = c1 + wc, where wc can be preconfigured by network.
· The start of PSSCH transmission window is denoted by d1.

· d1 = function (c1, c2, PSCCH/PSSCH resource allocation). The value of d1 depends on resource allocation aspects. In particular, the following timing relationship may be assumed for different resource allocation options:
· d1 = c2 – is valid for the case of FDM of PSCCH and PSSCH from system perspective (i.e. FDM-TDM);
· d1 = c1; d2 = c2 – is valid for the case of FDM of PSCCH and PSSCH from single UE perspective (i.e. FDM-SSF);
· The end of PSSCH transmission window is denoted by d2,
·  d2 = function (d1, PSSCH transmission window duration wd); d2 = wd + d1, where wd can be configured by network.
· The sensing window boundaries that should be used for resource selection are determined as:

· Coordinate of sensing window end b =  (Treselection – c1)
· Coordinate of sensing window start a = b + ws, where ws is the configured sensing window duration common across all UEs (e.g. 1000 ms).

· ws = (a - b) is the sensing window duration, which is common across all UEs.
Proposal 5
· The resource(s) for PSCCH transmission is selected from PSCCH transmission window c1 ≤ c < c2
· The resource(s) for PSSCH transmission is selected from PSSCH transmission window d1 ≤ d < d2
· The PSCCH and PSSCH transmission windows have predefined timing relationship that depends on resource allocation
· Examples:
· FDM of PSCCH and PSSCH resources from single UE perspective (FDM-SSF) d1 = c1; d2 = c2
· FDM of PSCCH and PSSCH resources from system perspective (FDM-TDM) d1 = c2
· The duration of PSCCH and PSSCH transmission windows wc and wd are preconfigured by network.

· The sensing window and PSCCH transmission windows have predefined timing relationship (b = Treselection – c1).

· If cell specific transmission windows are defined for PSCCH, the c1 is associated with the nearest PSCCH transmission window start time subject to resource reselection decision delay.
· If UE specific transmission windows are defined for PSCCH, the c1 time instance is determined by UE as the nearest PSCCH transmission opportunity subject to resource reselection decision delay.
On dependence of PSCCH and PSSCH transmissions windows on priority 

In general the duration of PSCCH and PSSCH transmission windows may depend on priority, however the benefits of this are not evident especially given the working assumption that priority is not used to trigger resource reselection. In addition it is not obvious whether duration of PSCCH and PSSCH transmission windows should be reduced or increased depending on the priority, given that increased transmission window may improve sensing performance while the shorter transmission windows can decrease access latency. In our view, the dependence of PSCCH/PSSCH transmission windows on priority was not studied by RAN1 WG and therefore we propose to keep the same duration of PSCCH and PSSCH transmission windows.
Proposal 6
· The duration of PSCCH and PSSCH transmission windows does not depend on priority.
On timing relationship between PSSCH transmissions
In this subsection, we discuss transmission of different TBs within semi-persistent resource allocation window. In our view, the timing relationship of (n+d) and (n+e) should be periodical. Note that RAN1 WG already agreed that for sensing with semi-persistent transmission “UE transmits PSSCH (when data is available) on a selected set of periodically occurring resources until a resource reselection occurs”. This agreement implies, that parameter ‘e’ can be a vector of elements that are spaced by TD, where TD = (e–d). Therefore the set of allocated resources can be indicated by a UE as e = (d+TD), (d+2TD), (d+3TD) and so on.
There were several additional aspects left for the further study. The first one is whether ‘e’ should be indicated. In our view, it should be explicitly indicated in SCI. For instance, SCI may have a field providing SPS related information (period and number of allocated periods) [7] to indicate multiple values of ‘e’. There was another interesting question, how a UE can determine the value of ‘e’. In our view this aspect is out of RAN1 scope and the value can be determined based on interaction with upper layers given that V2V traffic is expected to be quasi-periodic. Therefore, the interaction with upper layers can be assumed to estimate traffic periodicity at certain time interval so that resources can be pre-allocated for multiple transmission window periods. Another open question is whether a UE should indicate that the pre-allocated resource is not in use anymore. In our view such indication is not necessary. Such situation can be considered as an exceptional case and can be considered as an over-optimization, especially taking into account the fact that some of UEs have already taken into account the resource selection decisions announced by UE.
Proposal 7
· Timing relationship of control (n+c) and data (n+d) is derived from the SCI payload relative to (n+c) or relative to the start of PSSCH transmission window (n+d1).
· Timing relationship of the initial data transmission (n+d) and subsequent data (n+e) is determined from the SCI payload relative to (n+d).
4 Conclusion
In this contribution, we discussed timing relationship of UE transmitter behavior in terms of sensing window, reselection trigger time instance and transmission windows for PSCCH and PSSCH. In our view there should be fixed timing relationship between sensing window and transmission windows, while timing relationship with respect to resource reselection trigger may be variable. The sensing and transmission window duration should be common across UEs. The timing relationship between PSCCH and subsequent PSSCH transmissions can be derived from SCI. In summary we have following proposals:
Proposal 1
· Redefine ‘n’ as a time instance of the first packet arrival to PDCP layer after resource (re)-selection is triggered.
· UE completes transmission of the packet on the previously selected resource if new selected resource does not satisfy latency budget requirements.

Proposal 2
· Time to make a resource reselection decision after initiation of resource (re)-selection is fixed.

Proposal 3
· The value of ‘c’ is variable.

· The value of ‘b’ is fixed to 4 ms.

· The value of ‘cmin’ (Tdecision) is determined once details of resource reselection procedure are finalized.

Proposal 4
· Fixed timing relationship is defined between sensing and transmission windows.
· Timing of sensing and transmission window may vary with respect to resource reselection trigger time instance.
Proposal 5
· The resource(s) for PSCCH transmission is selected from PSCCH transmission window c1 ≤ c < c2
· The resource(s) for PSSCH transmission is selected from PSSCH transmission window d1 ≤ d < d2
· The PSCCH and PSSCH transmission windows have predefined timing relationship that depends on resource allocation
· Examples:
· FDM of PSCCH and PSSCH resources from single UE perspective (FDM-SSF) d1 = c1; d2 = c2
· FDM of PSCCH and PSSCH resources from system perspective (FDM-TDM) d1 = c2
· The duration of PSCCH and PSSCH transmission windows wc and wd are preconfigured by network.

· The sensing window and PSCCH transmission windows have predefined timing relationship (b = Treselection – c1).

· If cell specific transmission windows are defined for PSCCH, the c1 is associated with the nearest PSCCH transmission window start time subject to resource reselection decision delay.

· If UE specific transmission windows are defined for PSCCH, the c1 time instance is determined by UE as the nearest PSCCH transmission opportunity subject to resource reselection decision delay.

Proposal 6
· The duration of PSCCH and PSSCH transmission windows does not depend on priority.
Proposal 7
· Timing relationship of control (n+c) and data (n+d) is derived from the SCI payload relative to (n+c) or relative to the start of PSSCH transmission window (n+d1).

· Timing relationship of the initial data transmission (n+d) and subsequent data (n+e) is determined from the SCI payload relative to (n+d).
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