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1. Introduction
At RAN1#76bis, control signalling for D2D broadcast communication was discussed, and MCS and ID of N bits were agreed in the SA contents [1]. The resource patterns for transmission are agreed as follows. 
· One or more resource patterns for transmission (RPT) of time and/or frequency resources for multiple transmission opportunities of data TBs can be defined
· RPT is either implicitly or explicitly signaled by the eNB or Rel-10 Relay for Mode1

· RPT is either implicitly or explicitly signaled in SA

· If multiple transmission opportunities of the same SA are supported

· FFS whether one or more RPT are defined for (re)-transmissions of SAs

The following aspects were left for further study. 
· Consider how to signal the RPT in the SA (considering both Mode 1 and Mode 2)

· Consider detailed design of the SA transmission

· Consider whether NDI and/or RV are needed and if so how to signal them
In this contribution, we analyse these three open aspects and provide our views on them.  
2. RPT indication
Prior to the D2D data transmission, the RPT information for the resource allocation of D2D communication channel needs to be signalled by the D2D transmitter. Due to the half-duplex constraint and in-band emissions, we have proposed to use Walsh matrices to systematically construct the RPTs in [2]. In this contribution, four candidate ways are considered to indicate the Walsh matrix based RPT. The detailed resource allocation for broadcast communication can be found in our companion paper [3]. 
A. Option 1: both time and frequency resources are explicitly signalled in  SA

The following RPT information is explicitly indicated in the SA. 

· the time-domain resources indicated by the Walsh matrix index; 

· Frequency-domain resources, including
·  the number of occupied PRBs; 

· the frequency location of the first transmission; 
Frequency hopping is applied as per the existing PUSCH hopping mechanism to achieve frequency diversity gain and interference randomization. Similarly, frequency hopping could be supported for D2D data TB transmissions and corresponding retransmissions. Different variations of frequency hopping pattern could also be implicitly indicated through pre-defined patterns in the specification or explicitly signalled by SA.    
B. Option 2: frequency-domain resources are explicitly signalled by SA while time-domain resources are implicitly derived  from the SA pattern
Frequency-domain resources are explicitly included in the SA as in Option 1. 
An implicit mapping is defined between the RPT of the SA [4] and the RPT Walsh matrix index which indicates the time domain resources for D2D data transmission.   In this way, potential D2D receivers can derive the time domain resources for D2D data based on the detected SA pattern. Different mapping functions (e.g., injective function or surjection function) could be taken into account depending on the dimension of two patterns as well as SA/data transmission cycles. The SA pattern design is discussed in section 3.
This option links the RPT time-domain resources indication with the RPT of SA. This implies that if multiple D2D transmitters broadcast their SAs with RPT s with low collision probability, the time-domain contention probability for D2D data is also low. This requires efficient SA collision avoidance functions similar to the other options.
C. Option 3:  time-domain resources are explicitly signalled by SA, while frequency-domain resources (i.e., PRB indexes) are implicitly derived from the SA pattern
A Walsh matrix index is contained in the SA to indicate the subframes used for the D2D broadcast data transmission. 
Frequency resources, i.e., the PRB indices, are implicitly determined by the RPT of the SA. One possible solution is that the frequency resource locations of SA transmission are used to derive the frequency locations for data transmission, e.g., the frequency location for data transmission is linked to the starting PRB index of the SA. Alternatively, the frequency locations for data could be acquired based on the time-domain resources used for SA transmission. Time-domain collision avoidance for data transmission is required if SA transmissions from different D2D transmitters are colliding. 
D. Option 4: both time and frequency domain resources are implicitly derived from the RPT of the SA 
For this option, no explicit RPT information is included in the SA. The probability of data collision completely relies on the SA transmission. Therefore, efficient selection of the RPT for SA is required. Besides, the linking rule should be carefully designed to avoid multiple-to-one mapping which would result in data collision. 
Proposal 1: Consider the four methods outlined above to indicate the RPT for D2D broadcast communication.  Our preference is Option 4, i.e. the time and frequency resources for data transmission are both implicitly derived from the RPT of the SA. 
3. SA design
For mode 2, the SA transmission within the SA resource pool is on a contention basis so an efficient collision avoidance mechanism is required. Multiple SA transmission opportunities are beneficial for robust control reception and resistance to collision. Collision could be avoided in the time domain in addition to the frequency domain, for example different D2D SAs are transmitted in different subframes. Moreover, multiple SA transmission opportunities allow D2D transmitters to have the possibility to detect the SAs sent from other D2D UEs even with the half duplex constraint. Similar to the data transmission, SA transmission patterns could also be defined based on predefined Walsh matrices. 
The detailed SA resource allocation solution can be found in our companion paper [4]. 
Proposal 2: Multiple SA transmission opportunities are supported within an SA duty cycle. 
4. NDI and RV
At RAN1#76 meeting, it was concluded that the receiving UE has to identify which D2D data transmissions can be combined. That is, the receiving UE should be able to distinguish new packets from those packets transmitted before. Therefore, the new data indicator (NDI) to differentiate new transmission and retransmission is needed for potential receivers to determine whether to perform combining. 
In addition, for chase combining HARQ, the RV indication is not required. But it is essential for incremental redundancy (IR) HARQ for soft combining. For cellular communication, significant system performance gains can be observed by IR combining. For D2D retransmission, instead of explicitly introducing an RV indicator, the RV could be implicitly derived based on some kind of predefined rules. For example, blindre-transmission is supported for D2D, with each retransmission occurring at predefined time instances. 
As discussed in section 1, the RPT may indicate at least the time-domain resources for D2D data transmission. If the maximum number of retransmissions is fixed, the NDI and RV can be implicitly indicated by the RPT. Otherwise, the allowed number of retransmissions should be explicitly signalled. As D2D in Rel-12 targets broadcast communication, we believe a fixed maximum number of retransmissions is simple and easy to implement. Hence, no explicit control signalling is necessary for NDI and RV. 
Proposal 3: The maximum number of retransmissions is fixed, and the NDI and RV are implicitly derived from the RPT.
5. Conclusions

In this contribution, we analysed the three open issues for SA design to support D2D broadcast communication. In summary, we make the following proposals: 
Proposal 1: Consider the four methods outlined in this paper to indicate the RPT for D2D broadcast communication. Our preference is Option 4, i.e. the time and frequency resources for data transmission are both implicitly derived from the RPT of the SA. 
Proposal 2: Multiple SA transmission opportunities are supported within an SA duty cycle.
Proposal 3: The maximum number of retransmissions is fixed, and the NDI and RV are implicitly derived from the RPT. 
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