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1 Introduction

During RAN1#77 meeting [1], following agreements, working assumptions and conclusions were made regarding Physical channel design and resource allocation for Mode-2 broadcast communication.
Agreement:

· The same time resource pattern of transmission (T-RPT) is used for each MAC PDU on a per-UE basis
· For both Mode 1 and Mode 2, resource for single transmission (i.e. 1 subframe) of SA is FFS between 1 PRB-pair and 2 PRB-pair
· Retransmissions of  SA are supported
· FFS whether Chase combining
· Total number of transmissions of SA is FFS between
· fixed to a single value in specifications, and
· (pre-)configurable among two values
· FFS until RAN1#78 what these values are
· Number(s) of SA subframes in the SA resource pool FFS until RAN1#78 
· Given a certain SA resource pool and time/frequency resource that is used for a transmission of an SA message by a UE, the other time/frequency resources used by the same UE for transmission(s) of the same SA message within an SA resource period are known and fixed in the specification
· Details FFS
· FFS on whether/how to minimize the collision of transmissions in Mode 2
Working Assumption:
· Frequency position of data resource is explicitly signalled in SA

· Can be revisited after agreeing other content of SA if it turns out that “too many” retransmissions are required for the SA and/or design of SA and/or associated DCI is not feasible, or if data resource collision turns out to be a significant problem

· FFS whether a transmitting UE uses all the transmission opportunities given by the T-RPT in the SA
· T-RPT in the SA indicates:
· Transmission interval(s) between transmission of multiple MAC PDUs
· Number of transmissions of a given MAC PDU (if more than one value is possible)
· Resources for transmission of each MAC PDU
· T-RPT has no more than 256 values
· Time indices (parameters within T-RPT) are defined only for the sub-frames included in the resource pool for Mode 2 and Mode 1 (if a resource pool is defined) and available sub-frames for TDD carriers
· FFS whether (and if so how) the frequency resource might be jointly signalled with time domain info
· FFS whether the interpretation of the bits is UE-specific or common

At RAN1#78, consider details of the T-RPT.
Conclusion:
Continue discussion until RAN1#78 on the method for Mode 2 resource selection. 
In this contribution, we discuss the details of T-RPT for SA and data transmission and propose a distributed resource selection mechanism that enables pre-emption access for mode-2 broadcast communication. 
2 T-RPT for SA and Data
According to the RRC parameter list that is being discussed in the RAN1 reflector [2], SA Pool and Data Pool configuration, as shown in Figure 1, across different cells is proposed. 
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Figure 1: SA Pool and Data Pool Configuration
In order to simplify the T-RPT design, SA content and number of configurable parameters in RRC signalling, we further think that, there could be a single D2D communication period in which at least one SA Pool is always associated with one Data Pool such that k-th SA Pool carries scheduling assignments for the data TBs transmitted in the k-th Data Pool as shown in Figure 2.
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Figure 2: SA Pool and Data Pool Association
Proposal 1: Within a single D2D communication period (D2D Communication Period=saPeriod=dataPeriod), SA Pools and Data Pools are associated such that k-th SA Pool carries SA for the data TBs transmitted in the k-th Data Pool.
According to the RRC parameter list [2], each SA Pool is specified by a bitmap that indicates M number of subframes (in time-domain), and PRB indices (saStartPRB and saEndPRB) that indicate SSA number of PRBs (in frequency-domain). Moreover, it has been agreed that the resource for single transmission (i.e. 1 subframe) of SA may contain x number of PRB-pairs where x=1 or x=2. Thus, number of frequency-multiplexed SA resources per SA Pool, which is also called number of SA-RBs in the SA Pool can be obtained as 
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 subframes in time-domain and NSA SA-RBs in frequency domain.
In order to minimize the half-duplex constraint and improve the SA detection performance by combining, retransmission of SA is supported with k number of total SA transmissions per SA where the value of k is FFS. It is desirable to distribute these k transmissions of a single SA within the SA Pool to achieve time and frequency diversity gains. Time-domain distribution of k transmissions can be done via defining time resource patterns of transmission (T-RPT) while frequency domain distribution can be achieved via frequency/SA-RB hopping. Within a given SA Pool, T-RPTs should be defined to allow multi-user access with reduced collisions while minimizing half duplex constraint and in-band emission. 
A T-RPT may have a length L to occupy k number of repetitions of one SA, and can be specified by k number of ‘TX’ opportunities and (L-k) number of ‘RX’ opportunities on which the UEs can transmit its own SA and receive others SA, respectively. On one hand, the eNodeB may be able to allocate M number of subframes for the SA pool such that M is large enough to accommodate all k repetitions of the SA transmission in time-multiplexed manner while having sufficient number of distinct T-RPTs to facilitate multi-user access. In such situation, as illustrated in Figure 3(a), the T-RPT length L can be equal to the number of subframes M in the SA Pool, and one T-RPT may span across one SA channel (in the logical SA Pool ) that occupies one SA-RB in frequency domain and M=L number of subframes in time-domain.

On the other hand, the eNodeB may not be able to allocate sufficient number of subframes M to accommodate all k repetitions of the SA transmission in time-multiplexed manner. In such situation, as illustrated in Figure 3(b), the T-RPT length L can be defined as L=g.M, where g is an integer g>0, such that k number of repetitions are transmitted in time-frequency multiplexed manner. One T-RPT in such situation may span across g number of SA-RBs in frequency domain and M number of subframes in time-domain. 
These situations result in the number of SA channels (N) possible for a given SA Pool to be equal to (Figure 3(a)) or less than (Figure 3(b)) NSA, depending on the configured/fixed values of M, SSA, x, k and L.  
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Figure 3: T-RPT and SA channel association
Proposal 2: In order to allow resource allocation flexibility for SA Pool, a new parameter T-RPT length L should be defined to have values L≥M, where M is the number of subframes in the SA Pool, such that k repetitions of SA can be transmitted in time-multiplexed or time-frequency multiplexed manner. 
Furthermore, there is a maximum limit for the number of distinct T-RPTs that can be defined for a given logical SA Pool (of M subframes), number of repetitions k and T-RPT length L. With the above proposed resource allocation flexibility, the number of time-multiplexed ‘TX’ opportunities required per T-RPT can be written as 
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. Then, the number of distinct T-RPTs, that allows at least one ‘RX’ opportunity per T-RPT to listen to/monitor other T-RPTs, possible for the given SA Pool can be obtained as 
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. In addition, the number of SA channels possible for a given SA channel would be 
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depending on the SA Pool configuration. Thus, it is desirable to define a T-RPT to SA channel mapping for a given SA pool such that the SA channel index implicitly signals the T-RPT used by the UE transmitting in that channel. Examples of such T-RPT to SA channel mapping are illustrated in Figure 4. 
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Figure 4: Examples of T-RPT to SA channel mapping
Proposal 3: Define T-RPT to SA channel mapping for a given SA Pool such that the SA channel index implicitly signals the T-RPT used by the UE transmitting in that channel
Even though the current working assumption states that ‘Frequency position of data resource is explicitly signalled in SA’, we also think that a predefined linkage between SA channels in the SA Pool and Data channels in the Data Pool may reduce the signaling overhead in SA transmission and simplify the collision scenarios in distributed channel access [3]

 REF _Ref394587188 \r \h 
[4]. Furthermore, it may enable the introduction of enhanced features such as priority access and pre-emption access in future releases. Therefore, we support the pre-defined linkage between SA channels in the SA Pool and Data channels in the associated Data Pool.   

Proposal 4: Pre-defined linkage between SA channels in the SA Pool and Data channels in the associated Data Pool should be supported for Mode-2 communication
In the above T-RPT to SA channel mapping, both TX and RX opportunities of a given T-RPT are mapped to SA-RBs transparently such that there exist associated physical resources for both TX and RX opportunities (not only for TX opportunities). This allocation of physical resources for RX opportunities may facilitate including enhanced features such as pre-emption access to the distributed channel access mechanism for mode-2 communication as described in the next section. 
3 Distributed Resource Selection with Pre-emption Access
In critical public safety communication scenarios, it may be necessary for certain D2D enable public safety UEs to transmit a data burst with minimum latency. In such situations, there should be a mechanism to enable multiple Data TB transmission within a single D2D communication period. Thus, we propose a mechanism to perform distributed channel access with multiple TB transmission per D2D communication period using physical layer pre-emption access. 
The proposed method utilises one-to-one association of SA channels in SA Pool to Data channels in the corresponding Data Pool such that the SA channel index in the SA Pool implicitly signals the data resources in the associated Data Pool, and the TX-RX pattern applied to the i-th SA channel is also applied to the i-th Data channel.
As illustrated in Figure 5, the UE-0 who wishes to perform pre-emption access may perform following operations.

· Randomly select a primary SA channel index that will be used for transmitting full SA (and repetitions) providing control information for the reception of multiple data TBs in the corresponding Data Pool. The UE-0 may wish to transmit its primary data TB (TB-1) in the data channel corresponds to the selected primary SA channel.

· Randomly select one or more secondary SA channel indices, excluding the selected primary channel, for transmitting its pre-emption requests to acquire corresponding data channels. The UE-0 may wish to transmit its secondary TBs (TB-2, TB-3,..) on the data channels correspond to the selected secondary SA channels.
· During the SA Pool:

· Transmit full SA version on the subframes where TX is allowed on the primary channel (according to the T-RPT of the selected primary channel). 
· Transmit pre-emption request(s) to acquire the selected secondary channel(s) on the subframe(s) where TX is allowed on the primary channel and only RX is allowed on the secondary channel(s). The pre-emption request is a replicated version of the full SA transmitted on the primary SA channel.
· Monitor the selected secondary channel(s) on the subframes where only RX is allowed on the primary channel to verify the occupancy of the secondary channel(s)
· During the Data pool:

· Transmit primary data TB (TB-1) on the TX data resources corresponds to the primary SA channel

· IF the secondary SA channel is detected to be FREE, transmit secondary data TB (TB-2, TB-3 ..) on the data resources correspond to the secondary SA channel those time align with the TX data resources correspond to the primary SA channel
· IF the secondary channel is detected as occupied by another UE, the UE-0 may not transmit its data TB on the corresponding secondary data channel in order to avoid collisions with currently occupying UE or it may only transmit the secondary TB on the secondary data channel resource that will not be used by the occupying UE for its data transmission. 
Proposal 5: Consider including enhanced features such as Pre-emption Access for mode-2 D2D broadcast communication. 
4 Conclusion

In this contribution, we discussed T-RPT for SA and data transmission and mapping of T-RPT to SA channels that will facilitate inclusion of enhanced features such as pre-emption access in future releases. We further described a method to perform pre-emption access in D2D mode-2 broadcast communication. Accordingly, following proposals are made.

Proposal 1: Within a single D2D communication period (D2D Communication Period=saPeriod=dataPeriod), SA Pools and Data Pools are associated such that k-th SA Pool carries SA for the data TBs transmitted in the k-th Data Pool.
Proposal 2: In order to allow resource allocation flexibility for SA Pool, a new parameter T-RPT length L should be defined to have values L≥M, where M is the number of subframes in the SA Pool, such that k repetitions of SA can be transmitted in time-multiplexed or time-frequency multiplexed manner. 
Proposal 3: Define T-RPT to SA channel mapping for a given SA Pool such that the SA channel index implicitly signals the T-RPT used by the UE transmitting in that channel
Proposal 4: Pre-defined linkage between SA channels in the SA Pool and Data channels in the associated Data Pool should be supported for Mode-2 communication
Proposal 5: Consider including enhanced features such as Pre-emption Access for mode-2 D2D broadcast communication. 
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Figure 5: Pre-emption access mechanism
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