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1. Introduction
In respect of scheduling assignments for broadcast communication, the following agreements were reached in RAN1#76bis [1]:

· Semi-static pool(s) of resources can be allocated for SA  
· eNB may broadcast the information about the SA resource pool using SIB for D2D UE 
· Transmission pool for Mode 2 
· Reception pool(s) for Mode 1 and Mode 2  
· If multiple transmission opportunities of the same SA are supported
· FFS whether one or more RPT are defined for (re)-transmissions of SAs 
It was also agreed that for RAN1#77,

· Consider detailed design of the SA transmission
Hence in this contribution, we discuss detailed design of SA transmission schemes to provide reliable detection/decoding of SA packets.  Accordingly we provide a systematic design of RPT (resource patterns for transmission) for SA transmissions to resolve the half-duplex constraint and randomize interference due to in-band emissions.  Lastly we discuss resource selection and reception of SA. 
2. Resource allocation
Scheduling assignment transmission 
A scheduling assignment (SA) is transmitted before data transmission and can enable DRX (discontinuous reception), as illustrated in Figure 1. For an SA period, resources are divided into an SA region and a data region in the time domain. Scheduling assignments are used to convey scheduled D2D communication information which includes resource allocation and transmission pattern for data transmission. 
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Fig.1 scheduling assignment before data transmission
To resolve the half-duplex constraint and randomize interference to WAN traffic due to leakage of in-band emissions, we can employ resource patterns for transmission of scheduling assignments in an SA region. Each scheduling assignment from a broadcast UE is retransmitted several times based on the RPT in the SA region of an SA period. While a broadcast UE only uses a part of the SA sub-frames for transmissions of its own scheduling assignments, it receives and decodes scheduling assignment packets from other UEs in the remaining sub-frames in this SA region, as shown in Figure 2. With this method, multiple broadcast UEs have the chance to detect potential collisions in resource allocation for data transmission.
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Fig. 2 multiple sub-frames for scheduling assignment transmissions in an SA region
To reduce control signalling overhead, the RPT of SA retransmissions can also spread over multiple SA periods, which can be viewed as a super SA period, as shown in Figure 3.
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                     Fig.3 SA retransmissions spread over multiple SA periods 
A suitable SA period should be selected to balance control signalling overhead and scheduling latency. On one hand, since VoIP traffic is periodic with a voice encoder generating a voice packet for each 20ms, the SA period could be designed as multiple of 20ms such as 20ms, 40ms, etc. On the other hand, the frame structure of employing an SA region may need to be reused or extended to include D2D unicast communication in a future release. To make sure the scheduling latency of unicast transmission is acceptable, the SA period should be as short as possible. 
One design is to set the SA period as 20ms and the super SA period as 80ms. For VoIP traffic, 4 SA transmissions are spread in a super SA period as shown in Figure 3, which schedule data transmission of VoIP traffic in the next super SA period. The scheduling latency of VoIP traffic is acceptable since the requirement of end-to-end latency for VoIP traffic is 200ms. On the other hand, for other data traffic, one SA is transmitted in the SA region in an SA period, which schedules data transmission of unicast traffic in the following data region in the same SA period to reduce scheduling latency.   
Proposal 1: To resolve the half-duplex constraint and randomize interference due to in-band emission, multiple sub-frames with RPT are used for transmissions of scheduling assignments in an SA period

Proposal 2: To reduce control signalling overhead, SA retransmissions are spread over multiple SA periods 
Collision avoidance 

The SA transmissions from a broadcast UE in an SA period (or a super SA period) should follow a pattern selected from a well designed RPT set. The RPT set constructed from Walsh matrices possesses a nice structure and properties to resolve the half-duplex constraint and randomize interference. The detailed design can be found in [2].  An RPT set based on Walsh matrices of order 4 is shown in Figure 4 as an example.  Elements in a row of either H1 or H2 (except 1st row which is the all 1 row) determine whether to transmit/receive at a broadcast UE in a sub-frame in an SA region (+1 indicates transmission, -1 indicates reception). The opposite pattern of a transmission pattern also lies in the RPT set. They are represented by two corresponding rows in H1 and H2 (i.e., H1(i,:) and H2(i,:) with i≠1 where H(i,:) denotes the ith row of matrix H).
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Fig. 4 An RPT set based on Walsh matrices of order 4
The RPT pattern of a broadcast UE can be repeatedly used over SA periods to facilitate SA sensing, as illustrated in Figure 5.  Before performing broadcast transmission, a D2D UE senses the SA pool to see which RPTs have been used for SA transmissions and their PRB locations. Then, the UE chooses an unused RPT and PRB either randomly or based on linkage to the UE ID for SA transmission. 
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                              Fig.5 Same RPT pattern for SA transmissions over SA periods 
However, there is a probability of collision (multiple broadcast UEs select the same RPT or/and the same PRB location) when multiple broadcast UEs perform their own scheduling simultaneously at nth SA period and then start transmitting their SAs at (n+1)th period . 

For D2D broadcast communication, there is no feedback from receivers to aid collision detection/avoidance in SA transmissions. Hence we need to introduce randomization in the time domain in a certain way to reduce collision probability. 
After SA sensing and scheduling, a broadcast UE initially selects an RPT for its SA transmission.  Over different SA periods, it randomly uses one of two RPTs: the original selected RPT and its opposite pattern. This operation provides a chance for collision detection and further collision avoidance, as illustrated in Figure 6. Since both an RPT and its opposite pattern lie in the RPT set based on Walsh matrices, all the RPTs used by a given UE for SA transmissions are in the RPT set. The scheme works even if two broadcast UEs select the same PRB location for SA transmission, and since only the opposite pattern of an RPT is used, the scheme does not adversely impact the complexity of SA sensing. 
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 Fig.6 Random use of initially selected RPT and its opposite pattern for SA transmissions over different SA periods
Proposal 3: RPT sets based on Walsh matrices should be used for transmission pattern construction for SA transmissions. 
Proposal 4:  SA transmissions with random use of an originally selected RPT and its opposite pattern over different SA periods should be supported for collision avoidance. 

Resource selection and reception of SA
At a given broadcast UE, resource selection for SA transmission is based on sensing of the SA pool. The UE chooses an unused RPT and PRB either randomly or based on linkage to the UE ID. 
Correspondingly at receiving D2D UEs, to facilitate the detection and decoding of SA packets, certain information needs to be known, which includes: 

· PRB index:  the location of a SA packet in frequency domain. If the information is not available to receivers, receiving D2D UEs need to scan the whole bandwidth of the SA pool to search for SA packets.  

· RPT of SA: the knowledge of RPT at receivers facilitates soft combining of SA packets if needed. Otherwise, receiving UEs need to try all possible RPTs for soft combining.
Since the detection of D2D synchronization signals (D2DSS) and channel estimation based on DM-RS signals (demodulation reference signals) in a SA packet are performed before decoding of this SA packet, both D2DSS and DM-RS signals can be exploited to convey information of PRB index and RPT to receiving D2D UEs. 
Two possible mechanisms can be envisaged: 
· Use D2DSS to convey all the information.  A broadcast UE itself acts as a synchronization source (SS) during its broadcast communication by transmitting D2DSS. SS ID (identifier) can be used to indicate both PRB location and SA RPT used by this broadcast UE. 

D2DSS is periodically transmitted during the whole duration of broadcast communication from this broadcast UE. SS ID is determined by indices of PD2DSS and SD2DSS together. Since SD2DSS can convey much more information than PD2DSS, a special case is just using SD2DSS index to convey information to aid SA decoding. 
SS IDs are used mainly to differentiate adjacent SSs within a localized area. That D2DSS is associated with PRB location helps to reduce collisions between D2D synchronization signals because PRB locations are selected based on SA sensing.
· Use D2DSS and DM-RS signals together to convey the information. While SS ID is used to indicate the PRB location, DM-RS signals (either different cyclic shifts of a base sequence or different base sequences) convey the information of SA RPT.
For reliable detection of the cyclic shift of a DM-RS sequence, D2D receiving UEs and a D2D broadcast UE should be well aligned in time. This is the case for the in-coverage scenario due to stability of the timing source at eNB. However, this is not the case for the out-of-coverage scenario. This issue can be resolved by using a preamble prior to the SA message.  The preamble can be exploited for fine tuning of time synchronization so that reliable detection of the cyclic shift of a DM-RS sequence can be achieved. The detailed design of preamble can be found in [3]. 
Proposal 5: Consider exploiting D2DSS and/or DM-RS signals to convey information of SA PRB index and RPT to facilitate reception of SA packets.
3. Conclusions

In this contribution, we discuss detailed design of SA transmission schemes to provide reliable detection/decoding of SA packets.  Accordingly we provide a systematic design of RPT (resource patterns for transmission) for SA transmissions to resolve half-duplex constraint and randomize interference due to in-band emissions.  Lastly we discuss resource selection and reception of SA. 
We make the following proposals:
Proposal 1: To resolve the half-duplex constraint and randomize interference due to in-band emission, multiple sub-frames with RPT are used for transmissions of scheduling assignments in an SA period

Proposal 2: To reduce control signalling overhead, SA retransmissions are spread over multiple SA periods 

Proposal 3: RPT sets based on Walsh matrices should be used for transmission pattern construction for SA transmissions. 
Proposal 4:  SA transmissions with random use of an originally selected RPT and its opposite pattern over different SA periods should be supported for collision avoidance. 

Proposal 5: Consider exploiting D2DSS and/or DM-RS signals to convey information of SA PRB index and RPT to facilitate reception of SA packets.
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