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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]At the RAN1 #85 meeting, the following agreements on the multiplexing of SA and its associated data were achieved [1]:
· Allow resource pool definition where SA and associated Data transmitted on the same subframe are always adjacent in frequency
· All the PRBs used for the SA and associated data transmissions should be contiguous in frequency.
· Details FFS
· For a SA and associated data resource pool it should be (pre)configured whether the SA and associated data transmission by all the UEs using this pool either occur on the same subframe in an adjacent manner, or occur on different subframes, (FFS or occur on the same subframe in a potentially non-adjacent manner).
· If the FFS part is not supported, this reverts the existing agreement “When SA and the associated data are transmitted in the same TTI, they can be transmitted in non-adjacent RBs.”
· Strive for not increasing the number of SA blind decoding to enable this.

In this contribution, we discuss the signaling details of the time and frequency resource indication.
Indication of time resources in SA
Necessity of indication of the time resources of all the transmissions
For D2D communication, the T-RPT in SA is used to indicate the time resources of each data (re)transmissions corresponding to one TB or multiple TBs in one SA period. The concept of T-RPT can be reused to indicate all the time resources for a V2V(V2X) TB over one period. 
A UE obtains full knowledge of the time resources for a TB after decoding one single SA. Otherwise, if a SA only carries information for a single transmission, every SA for the TB must be decoded to obtain the time resource information for one period. This is unlikely to happen because of half duplex, IBE, and inability to receive SA (e.g. due to channel impairments).
Having full knowledge of resource allocation in one SA benefits resource reservation for the following periods. By successfully receiving one SA, the UE knows the resources for one entire period, thus it can select resources for the next period accordingly. If the SA did not convey the resource allocation for all transmissions, the UE would have to decode all SAs to be able to reserve resources without collision.
Full knowledge of resource allocation in one SA also benefits sensing as illustrated in the companion contribution [5] because the sensing result of a missing transmission can be derived from the resource allocation information in SA. 
Proposal 1: The time resources of all the data transmissions corresponding to the same TB are indicated by each SA/DCI of these transmissions.

Signaling of the time resources

For D2D, the T-RPT index  corresponds to a bitmap indicating which TTIs are used for these transmissions. The mapping between the index and the bitmap is defined in TS 36.213 [2]. For V2V, the situation is different:
· Some D2D patterns may not apply to V2V(V2X) transmission, e.g. patterns for multiple TB transmissions in one period. 
· The full bitmap generated from T-RPT for D2D was designed for transmissions to span a time period relatively evenly. For V2V(V2X), the last transmission of a TB determines the latency. Better latency performance can be expected if the (re)transmissions of a TB are confined to a shorter time window. In order for PC5 V2V to have low latency, more compact transmission patterns should be considered.
Observation 1: D2D T-RPT design is not sufficient for V2V. Better latency performance can be expected if the (re)transmissions of a TB are confined to a shorter window.

Assume 1, 2, and 4 transmissions are supported for a TB and that the targeted latency is M ms,  patterns would be needed to index all the possible patterns. 
With the UE SA periodicity described in the companion contribution [3], M can be viewed as how far in time the transmissions of a specific packet can be. In this case, M may not necessarily be the largest periodicity value because the different/random starting subframe of each UE from individual UE offset can already provide one dimension of randomization. Therefore a smaller M can provide sufficient randomization on top of different/random starting subframe. For instance, when two UEs choose the same pattern, but their starting subframes are different, then the time resources they use are not the same and the half-duplex issue is avoided. Figure 1 shows an example of data with 4 transmissions.
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[bookmark: _Ref450825689]Figure 1. Two UEs with the same pattern but different starting subframes

The number of patterns can still be large, depending on M. However, the signaling overhead can be reduced. For instance,  bits can index all the patterns if the total number of transmissions is known in advance. With a systematic design, the number of T-RPT patterns can reduce overhead. As shown in Figure 2, if the targeted latency performance is 40ms, a 20ms half bitmap can be used, with the second half being a duplication of the first half, possibly mirrored.
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[bookmark: _Ref458757893]Figure 2. Duplication of fractional bitmap to form full bitmap

Mirror duplication can be used to avoid collisions of direct duplication as shown in Figure 3.
 (
UE
1
4 transmissions
UE
2
)
[bookmark: _Ref458757752]Figure 3. Two UEs with different fractional patterns collide

Proposal 2: Time resource bitmap length is determined by targeted latency performance. Duplication of fractional bitmap to form full bitmap in D2D is reused to reduce overhead.


Assume that targeted latency performance is 40ms and 4 transmissions are sent. According to Proposal 2, only 2 transmissions in a 20ms window need to be indicated. There are at most  different patterns and  bits are enough. Combined with the 100 different starting subframes, the number of patterns is about 19000, which is enough for V2V.
To indicate the transmissions in a half period, a mapping table can be defined as shown in Table 1. 
Table 1. New mapping table
	Index
	Bitmap

	0
	(1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0)

	1
	(1,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0)

	2
	(0,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0)

	…
	……








In addition, to encode the mapping table, the UL resource allocation type 1 mechanism [2] can also be reused. For instance, if 2 transmissions are transmitted in TTIs  and , the index in Table 1 can be calculated as . When a receiver gets this value, it will know  and .
In addition, to meet a stringent latency requirement, M can also be set as, e.g. 20. With this approach, 8 bits are enough to encode the 19,000 patterns.
Indication of frequency resources in SA
For D2D, an RA field (5-13 bits, due to the bandwidth) in SA/DCI is used to indicate the frequency resources. More specifically, this field indicates the beginning PRB and number of PRBs in frequency, i.e., UL resource allocation type 0. For V2V, a similar mechanism can be used and more details can be found in the companion contribution [6].
In addition, a hopping mechanism among the four transmissions is used for D2D: the RA field indicates the frequency resources of the first transmission, and the frequency resources of the other retransmissions can be calculated according to the hopping pattern. This mechanism can be reused for V2V.
Proposal 3: The frequency resources indication of D2D is reused for V2V.
Conclusions
In this contribution, the signaling details of the time and frequency resources indication were discussed. Based the analysis above, we propose the following:
Proposal 1: The time resources of all the data transmissions corresponding to the same TB are indicated by each SA/DCI of these transmissions.
Observation 1: D2D T-RPT design is not sufficient for V2V. Better latency performance can be expected if the (re)transmissions of a TB are confined to a shorter window.
Proposal 2: Time resource bitmap length is determined by targeted latency performance. Duplication of fractional bitmap to form full bitmap in D2D is reused to reduce overhead.
Proposal 3: The frequency resources indication of D2D is reused for V2V.
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