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1 Introduction

In RAN1#86, the following agreements have been made:
-V2V pool is defined by a repeating bitmap mapped to all subframes except for at least SLSS subframes which are skipped

-The bitmap length is 16, 20, or 100.
-FFS if/how to handle the case where the bitmap does not repeat an integer number of times within the DFN period
-The bitmap defines which subframes are allowed for V2V SA/data transmission and/or reception for a pool.
To this end, in RAN2#73, it was agreed to include the following objective into the V2X work item [1]:

a) Handle multiplexing V2V with other signals/channels if necessary, e.g., for the case where the bitmap for V2V subframes does not repeat an integer number of times within the DFN period [RAN1, RAN2]

i) A solution not agreed by RAN1#86bis/RAN2#95bis shall not be considered for standardization.
This contribution discusses enhancements necessary to handle the case where the bitmap does not repeat an integer number of times within the DFN period.
2 Discussion
It is fundamental that UEs have a common way of referring to the subframes. Otherwise, operations like sensing, resource allocation, or booking are unclear. LTE transmissions are organized into frames and further divided into subframes. Each frame is identified by a number that repeats periodically. The period is 1024 frames or equivalently 10240 subframes or milliseconds. In contrast, the design for V2X, including the sensing, scheduling, and resource reservation protocols, has considered 100 ms (and multiples thereof) as the basic periodicity – since this corresponds to the smallest message periodicity. For this reason, it is necessary to introduce a division of the 10240 subframes in periods of 100 subframes. According to the above agreements, using 20 subframes as basic periodicity would also work since 20 divides 100. In contrast, 16 does not divide 100 and, consequently, we believe that the agreed 16-subframe periodicity is not suitable for embedding the 100 ms V2X design in the LTE frame structure.

If all 10240 LTE subframes were to be used for V2X communication there would be a subframe surplus as 10240 is not divisible by 100. It would then be necessary to define a way of embedding the 100 ms designs into the LTE (sub)frame structure. For 20 ms, this would not represent a problem since 20 divides 10240. However, other signals are transmitted too, like SLSS, meaning that neither 20 nor 100 may divide the remaining number of available subframes for V2X transmission.
To simplify we use the bitmap length of 100 subframe as our example in this contribution

Observation 1 Given a number of LTE subframes used for V2X communication, it is necessary to define a way of embedding a 100 ms periodicity in the design to support V2X messages. Thus, it is important that the number of LTE subframes used for V2X communication is divisible by 100.
Based on the RAN1#86 agreements, the V2V pool is defined by a repeating bitmap mapped to all subframes while excluding the SLSS subframes. However, the number of remaining subframes might not be divisible by 100 either. Therefore, the repeating bitmap should be compatible with the D2D Frame Number (DFN) period and also reflect the basic (i.e., 100 ms) periodicity used by the scheduling and booking protocol.

A possible approach is to indicate a number of reserved subframes which cannot be used for V2X transmissions (i.e., data packets or associated control signals). The number of reserved subframes is chosen to ensure that the number of remaining subframes is divisible by 100. 

As such, the remaining subframes available for V2X transmission supports messages with different periodicities. An example is illustrated in Figure 1.
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Figure 1. In red, reserved subframes; in blue subframes used for SLSS; the rest of the subframes are used for V2X transmission and are divided into an integer number of 100-subframe periods.
Proposal 1 Introduce a number of reserved subframes such that the remaining number of subframes is compatible with having an integer number of 100-subframe periods.
Proposal 2 Indices of reserved subframes should be transmitted to the UEs. This can be signalled to a UE, broadcasted to several UEs, or pre-configured to support the out-of-coverage UEs.

The choice of the reserved subframes is up to the eNB and in the pre-configured case, spreading them uniformly might be beneficial so that their impact on, for example, latency is minimized.

Observation 2 Spreading uniformly the location of the reserved subframes might be beneficial in the pre-configured case.  

Using the indices, each period will consist of available subframes, possibly interleaved with SLSS and/or reserved subframes. Further, a single bit pattern may be applied to each of these periods to define pools of resources (e.g., for V2P, mode 1, mode 2, etc.). 

Proposal 3 Additional information specifying the 16, 20 or 100-bit pattern can be further signalled when configuring the resource pools.
3 Conclusion

In section 2 we made the following observations:
Observation 1
Given a number of LTE subframes used for V2X communication, it is necessary to define a way of embedding a 100 ms periodicity in the design to support V2X messages. Thus, it is important that the number of LTE subframes used for V2X communication is divisible by 100.
Observation 2
Spreading uniformly the location of the reserved subframes might be beneficial in the pre-configured case.


Based on the discussion in section 2 we propose the following:
Proposal 1
Introduce a number of reserved subframes such that the remaining number of subframes is compatible with having an integer number of 100-subframe periods.
Proposal 2
Indices of reserved subframes should be transmitted to the UEs. This can be signalled to a UE, broadcasted to several UEs, or pre-configured to support the out-of-coverage UEs.
Proposal 3
Additional information specifying the 16, 20 or 100-bit pattern can be further signalled when configuring the resource pools.
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