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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.

In this contribution, we discuss remaining details of resource selection and reselection principles. In particular, we analyze timing relationship of sensing and resource selection procedure including sensing window, the transmission timing of SA and the associated data, and 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]-[13].
2 On timing relationship of resource reselection
In this section, we discuss timing relationship between sensing window, resource reselection trigger and resource allocation decision. We start from the 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 transmission for triggered resource (re)-selection;
· (n+d) – time instance of data transmission after resource reselection;
· (n+e) – time instance(s) of data transmission for other TB(s) e = [e1, e2, e3,…].
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Figure 1: Timing relationship of resource reselection.
In general, the described above timing relationship may depend on resource allocation aspects of PC5 V2V communication. In particular, the described below two resource allocation principles may be of interest for sensing based autonomous resource selection.
Two resource allocation principles
1) Option 1: Pool notion is defined for PSCCH only. The remaining resources which are not utilized for PSCCH are used for PSSCH resources. In this case, the PSCCH pools need to be allocated frequently, while the concept of transmission windows may be utilized for PSSCH. In this case, it is possible to use combining of retransmissions for both PSCCH and PSSCH signals. In this case, the sensing window may be defined with granularity of PSCCH pool periodicity.
2) Option 2: There is no pool notion for both PSCCH and PSSCH. In this case, only PSCCH and PSSCH resources are configured w/o introducing specific pool notions (periodical pool boundaries) for PSCCH and PSSCH. The PSCCH retransmissions may be enabled, however combining of PSCCH transmissions may not be feasible since the start time of any PSCCH transmission may not be known. In this case, the sensing window may be updated each subframe.
Below we consider timing relationship that is applicable to both resource allocation options.

Discussion on sensing window timing relationship
The sensing window is characterized by parameters ‘a’ and ‘b’, so that the duration of the sensing window can be expressed as ws = (a - b).
· Sensing window duration ws = (a - b). The common sensing window duration should be configured for resource selection. Taking into account the max packet arrival period of 1000 ms [14], the sensing window of up to 1000 ms may be needed for proper sensing operation.
· Sensing window delay ‘b’ (processing delay). The parameter ‘b’ determines the sensing window delay, indicating that ‘b’ subframes preceding reselection trigger at time instance ‘n’ were not processed and taken into account for resource selection. This parameter is defined with respect to the trigger instance. Alternatively, it may be a part of the sensing window processing time and taken into account when timing relationship between sensing and transmission window is defined.
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 period / window). The contiguous values may be used, if there is no pool notion across UEs, while values that are multiple of ‘p’ can be applicable, if common PSCCH pool notion is introduced.
Proposal 1
· Confirm working assumption that sensing window duration is common across UEs.
· Sensing window duration is pre-defined by specification or pre-configured by eNB.
· Sensing window duration up to 1000ms is supported. FFS exact range of sensing window durations.
On time instance of resource reselection trigger
In some cases, the timing of resource reselection trigger may be aligned with resource allocation that may be controlled by the upper layers, e.g. if periodical reselection is supported. However, in case of new traffic or geo-based resource reselection triggering, the time instance of trigger may not be aligned with resource configuration. Therefore, we assume that reselection trigger may happen at arbitrary time instance ‘n’. There are several possibilities to define timing relationship between resource reselection trigger, sensing and transmission windows:

· Fixed timing between resource reselection trigger, sensing and transmission windows. In this case reselection trigger determines the position of sensing window in the past and transmission window in future relative to reselection trigger time instance. The parameters a, b, c, d represent fixed time offsets with respect to reselection trigger time instance.

· Fixed timing relationship between sensing and transmission windows only. In this approach, the position of the sensing and transmission window with respect to reselection trigger may vary, while the fixed timing relationship is preserved between sensing and transmission windows.

Given that reselection trigger itself may be caused by different events it may not be aligned with the particular resource allocation and therefore the sensing and transmission window should not be strictly coupled with time instance of reselection trigger.

Proposal 2
· The 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.
On timing relationship of PSCCH and PSSCH transmissions with resource reselection trigger
In our view, the timing of control and data transmissions (values ‘c’ and ‘d’ respectively) should not be fixed with respect to 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;
Below we describe 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.
Once 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).
· 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 2: Timing relationship of resource reselection.

· 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.
· The start of PSSCH transmission window is denoted by d1.

· d1 = function (c1, c2, PSCCH/PSSCH multiplexing and 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 - valid for the case of FDM of PSCCH and PSSCH from system perspective;
· d1 = c2 - valid for the case of TDM of PSCCH and PSSCH from system perspective;
· d1 = c1; d2 = c2 valid for the case of FDM of PSCCH and PSSCH in the same subframe (i.e. from transmitter perspective);
· The end of PSSCH transmission window is denoted by d2,
·  d2 = function (d1, PSSCH transmission window duration wd); d2 = wd + d1
· The sensing window boundaries that should be used for resource selection are determined as:

· Coordinate of sensing window end b = - (c1 - Treselection)
· Coordinate of sensing window start a = b - ws, where ws is the configured sensing window duration common across all UEs.

· ws = (a - b) is the sensing window duration, which is common across all UEs.
Proposal 3
· 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 (same subframe) d1 = c1; d2 = c2
· FDM of PSCCH and PSSCH resources from system perspective d1 = c2
· TDM from system perspective d1 = c2
· The duration of PSCCH and PSSCH transmission windows wc and wd are preconfigured.

· The sensing window and PSCCH transmission windows have predefined timing relationship.

· If pool notion is introduced for PSCCH, the c1 is associated with pool configuration and system frame number subject to reselection processing delay.
· If there is no pool notion introduced for PSCCH, the c1 time instance is determined by UE as the nearest transmission opportunity once reselection is triggered subject to reselection processing delay.
On timing relationship of 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 information (period and number of allocated periods) [9] 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. One more open question is whether a UE should indicate whether 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 4
· Timing relationship of control (n+c) and data (n+d) is derived from the SCI payload relative to (n+c).
· Timing relationship of the initial data transmission (n+d) and additional data (n+e) is determined from the SCI payload relative to (n+d).
· A UE does not need to notify that it no longer intends to use the resource at the TTI (n+e) within the semi-persistent window.
· The UE may continue to use pre-allocated resources when reselection is triggered (until the end of semi-persistent pre-allocation), unless resource reselection is triggered because of higher priority transmissions from other UEs.
3 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. The following proposals are made:
Proposal 1

· Confirm working assumption that sensing window duration is common across UEs.
· Sensing window duration is pre-defined by specification or pre-configured by eNB.
· Sensing window duration up to 1000ms is supported. FFS exact range of sensing window durations.

Proposal 2

· The 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 3

· 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 (same subframe) d1 = c1; d2 = c2
· FDM of PSCCH and PSSCH resources from system perspective d1 = c2
· TDM from system perspective d1 = c2
· The duration of PSCCH and PSSCH transmission windows wc and wd are preconfigured.

· The sensing window and PSCCH transmission windows have predefined timing relationship.

· If pool notion is introduced for PSCCH, the c1 is associated with pool configuration and system frame number subject to reselection processing delay.

· If there is no pool notion introduced for PSCCH, the c1 time instance is determined by UE as the nearest transmission opportunity once reselection is triggered subject to reselection processing delay.

Proposal 4

· Timing relationship of control (n+c) and data (n+d) is derived from the SCI payload relative to (n+c).

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

· A UE does not need to notify that it no longer intends to use the resource at the TTI (n+e) within the semi-persistent window.

· The UE may continue to use pre-allocated resources when reselection is triggered (until the end of semi-persistent pre-allocation), unless resource reselection is triggered because of higher priority transmissions from other UEs.
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