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1. Introduction
In this contribution, for D2D broadcast communication, we provide a systematic design of T-RPT  (time resource pattern for transmission) sets to resolve the half-duplex constraint and randomize interference due to in-band emissions.  Accordingly we show how scheduling schemes can be designed to exploit the properties of T-RPT sets.  
2. Design of T-RPT for D2D communication  
It was agreed in RAN1#77 [1] that details of the T-RPT will be considered in RAN1#78. We provide a systematic design of T-RPT sets for different numbers of sub-frames allocated for D2D broadcast.  
T-RPT set construction based on Walsh matrix 

For large channel bandwidths (e.g. 50 PRBs for 10MHz bandwidth), we need to use FDM for broadcast transmissions from multiple UEs to fully use the available spectral resources.  However, this is challenging due to the half-duplex constraint and in-band emissions which impact broadcast performance.  

To resolve these, one possible method is to make sub-frames used for broadcast transmissions from multiple UEs partially overlapped. We can exploit the properties of Walsh matrices to construct T-RPTs for different broadcast UEs. A T-RPT set based on Walsh matrix of order 8 is shown in Figure 1. The construction of a T-RPT set starts from a Walsh matrix W8,1 of order 8. The transformation of multiplying W8,1 by -1 yields W8,2. The rows of both W8,1 and W8,2 (except the two 1st rows) construct a T-RPT set, and each column corresponds to a potential transmission subframe. A given broadcast UE uses one selected row of either W8,1 or W8,2 to determine whether to transmit or receive in each potential transmission subframe (+1 indicates transmission, and -1 indicates reception). 
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Fig. 1 A T-RPT set based on Walsh matrix of order 8
This T-RPT set can be applied to the scenario where 8 subframes are allocated for D2D broadcast every 20ms. Based on the properties of Walsh matrices, transmission patterns of broadcast UEs have the following properties:  
· The total number of available transmission patterns in the T- RPT set for 8 subframes is 14.  A broadcast UE transmits a VoIP packet 4 times, which can satisfy the SINR requirement for -107dBm receiver reference sensitivity at the link level.
· For any two broadcast UEs using different transmission patterns, one broadcast UE can have the chance to receive transmissions from the other broadcast UEs at least twice, which resolves the half-duplex constraint. 
With the T-RPT set employed for D2D broadcast, multiple transmissions of a VoIP packet are randomized in the time domain which alleviates in-band emissions seen at receiving UEs.
T-RPT set expansion for larger numbers of subframes
The T-RPT set based on Walsh matrices of order 8 can be expanded to construct a T-RPT set for larger numbers of subframes, such as 16. The design problem is how to select 4 subframes for transmissions of a VoIP packet by a broadcast UE out of a total of 16 subframes allocated for D2D broadcast every 20ms. For the purpose of explanation, we index the subframes as illustrated in Fig.2.  The 16 subframes are evenly divided into 8 subframe groups. Each subframe group consists of 2 subframes (subframe 0 and subframe 1).
[image: image2.emf]1ms

frequency

0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1

     relative sub-frame:

Transmission 

from Tx 1

     sub-frame group:

1 2 3 4 5 6 7 8

     sub-frame:

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15


Fig.2. Indexing of sub-frames for T-RPT set expansion 
The determination of which subframes to transmit in then proceeds by the following two steps: 

1. Each column of the Walsh matrices now corresponds to a subframe group. Based on elements in a row of a Walsh matrix W8,1 of order 8 or its complement W8,2 (except two 1st rows) as shown in Fig.1, a broadcast UE determines whether to transmit or receive in each subframe group. +1 indicates that the UE will transmit in one of the two subframes in the subframe group), -1 indicates reception. In this example, the UE uses the 6th row of W8,2 [-1  +1  -1  +1  +1  -1  +1  -1 ], which signifies transmission in the 2nd, 4th, 5th and 7th subframe groups. 
2. Based on elements in a selected row of one of the expansion matrices E4,1 and E4,2 as shown in Fig.3, a broadcast UE determines which of subframes 0 or 1 within a subframe group is used for transmission. In this example, the UE uses the 3rd row of E4,1, so it transmits in the 2nd subframe of the 2nd and 4th subframe groups, and the 1st subframe of the 5th and 7th subframe groups. 
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Fig.3. Matrices to indicate which sub-frame within a sub-frame group is used for transmission
Rows of expansion matrices E4,1 and E4,2  are codewords of a MDS (maximum distance separable) code with minimum Hamming distance 2. 
Based on the properties of Walsh matrices W8,1 and W8,2, expansion matrices E4,1 and E4,2, and the above procedure, transmission patterns of broadcast UEs have the following properties: 
· The total number of available transmission patterns in the T- RPT set for 16 subframes is 112.  A broadcast UE transmits a VoIP packet 4 times.
· For any two broadcast UEs using different transmission patterns, one broadcast UE can have the chance to receive transmissions from the other broadcast UEs at least twice, which resolves the half-duplex constraint. 
In the appendix, we show how the method can be used to provide transmission patterns for 12 and 20 subframe cases respectively. Thus we provide a systematic design of T-RPT sets for different numbers of subframes allocated for D2D broadcast, which provides enough flexibility for resource allocation of D2D communication pool.  For simplicity, all the T-RPT sets are constructed based on Walsh matrices of order 8. 
The transmission pattern is fixed once a row of Walsh matrices and a row of expansion matrices are chosen. A fixed transmission pattern facilitates the packet reception/combining at receiving UEs. 
It also reduces signalling overhead. The index of a pattern in T-RPT sets is conveyed in the scheduling assignment (SA) before data transmission. The number of signalling bits needed depends on the sizes of T-RPT sets. The sizes of the T-RPT sets based on Walsh matrices are 14, 33, 112 and 149 for 8, 12, 16 and 20 subframe cases respectively.  Hence the maximum number of signalling bits needed is 8 bits, which is much less than the number of bits needed (20 bits for 20 subframes) if bit mapping were to be employed instead.  
While D2D broadcast mainly serves VoIP traffic for all UEs, D2D groupcast is envisioned to serve different traffic types for a particular group of UEs. Hence solutions to support D2D groupcast need to take in account group size, traffic type, UE category and processing capability, etc. A systematic design of T-RPT sets for D2D broadcast can be easily tailored or extended for D2D groupcast. 
Proposal 1: To resolve the half-duplex constraint and alleviate in-band emission, subframes used for transmissions from different broadcast UEs follow different predefined patterns which partially overlap.  
Observation 1: A Walsh-matrix-based design of T-RPT is efficient to signal and meets the objective of proposal 1.
Proposal 2: T-RPT sets based on Walsh matrices should be used for T-RPT construction for broadcast UEs. 
Proposal 3: The index of one T-RPT from the T-RPT sets is conveyed in the scheduling assignment (SA) before data transmission. 
3. Scheduling scheme for D2D broadcast 
A broadcast UE also acts as a receiver. Before its transmission, it monitors SAs from other transmitters to decode their data packets. Since it was agreed in RAN1#77 [1] that T-RPT information is explicitly included in the SA, this UE can acquire the knowledge about transmission patterns used by other transmitters. 
Accordingly, we consider two alternative scheduling schemes to exploit the properties of the T-RPT sets: 
· Random selection with Walsh-matrix-based T-RPT set 
· Collision minimization with Walsh-matrix-based T-RPT set. 
For random selection with Walsh-matrix-based T-RPT set, a broadcast UE randomly selects a transmission pattern not used by its neighboring broadcast UEs. 
For collision minimization with Walsh-matrix-based T-RPT set, a broadcast UE finds a set of transmission patterns which minimize the weighted sum of the numbers of collisions with neighboring broadcast UEs, as expressed in the following formula. Then the UE randomly selects a pattern from this set. 
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represents the number of collisions between two patterns. Here a collision means that two broadcast UEs transmit in the same sub-frame. 
The intuition behind collision minimization with Walsh-matrix-based T-RPT sets is similar to the time domain grouping proposed in [2] [3]. The impact of in-band emission at the receiving UEs is small if two transmitters are close to each other. Hence two transmitters can transmit at the same time in some sub-frames. We do not count collisions  if the path loss to a neighbour broadcast UE is smaller than a specified threshold. 

Proposal 4: A broadcast UE should monitor SAs from other transmitters to acquire the knowledge about transmission patterns used by those transmitters.  
4. Performance evaluation  
We performed system-level simulations to evaluate the performance of T-RPT sets and scheduling schemes. The two scheduling schemes described above are applied together with the Walsh-matrix-based T-RPT sets for 16 subframes derived from the Walsh matrix of size 8. 
The layout for public safety, option 5, is evaluated. The hotspot sub-option, where the impact of in-band emission is most important, is considered. In the option 5 layout, urban macro cell with ISD of 1732m is assumed. There are 32 UEs deployed in each sector. 
For a lightly-loaded scenario, 3 UEs are selected from these UEs as broadcast UEs. The minimum association RSRP for D2D communication is -107dBm and the corresponding transmission power is 23dBm. Fig.4 shows the CDFs of SINRs at associated receiving UEs. For random scheduling in the simulations, a broadcast UE randomly selects 4 sub-frames out of 16 subframes for transmissions of a VoIP packet. The simulation results show that the proposed T-RPT set achieves the same performance as random subframe selection in the lightly-loaded scenario. The T-RPT sets can achieve the randomization effect in time domain for D2D broadcast.
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Fig.4. CDFs of SINRs at associated receiving UEs 
Next we evaluated a high traffic density scenario, where 9 UEs are selected as broadcast UEs. Fig.5 and Fig.6 show the CDFs of SINRs at associated receiving UEs and associated transmitters respectively. The CDFs of SINRs at transmitters reflect the effect of resolving the half duplex constraint. We observe that for this scenario random selection with the Walsh-matrix-based T-RPT sets is better than random scheduling. The collision minimization approach to select the T-RPT from the Walsh-matrix-based T-RPT set can further improve the performance, especially for the low SINR region. 
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Fig.5. CDFs of SINRs at associated receiving UEs 
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Fig.6. CDFs of SINRs at associated transmitters 
Observation 2: The proposed Walsh-matrix-based T-RPT sets can achieve the randomization effect in time domain for D2D broadcast.
Observation 3: For high traffic density scenarios, selection of the T-RPT from the T-RPT set to minimize weighted sum of collisions can improve the performance especially for low SINR region.
Proposal 5: After identifying the T-RPTs used by other transmitters, a broadcast D2D UE should select its T-RPT to minimize weighted sum of collisions with the T-RPTs that are identified as being already in use. 

5. Conclusions

In this contribution, for D2D broadcast communication, we provide a systematic design of T-RPT sets to resolve the half-duplex constraint and randomize interference due to in-band emissions.  Accordingly we design scheduling schemes to exploit the properties of T-RPT sets.  
We make the following proposals and observations:
Proposal 1: To resolve the half-duplex constraint and alleviate in-band emission, sub-frames used for transmissions from different broadcast UEs follow different predefined patterns which partially overlap.  
Proposal 2: T-RPT sets based on Walsh matrices should be used for T-RPT construction for broadcast UEs. 
Proposal 3: The index of one T-RPT from the T-RPT sets is conveyed in the scheduling assignment (SA) before data transmission. 

Proposal 4: A broadcast UE should monitor SAs from other transmitters to acquire the knowledge about T-RPTs used by those transmitters.  
Proposal 5: After identifying the T-RPTs used by other transmitters, a broadcast D2D UE should select its T-RPT to minimize weighted sum of collisions with the T-RPTs that are identified as being already in use. 
Observation 1: A Walsh-matrix-based design of T-RPT is efficient to signal and meets the objective of proposal 1.

Observation 2: The proposed Walsh-matrix-based T-RPT sets can achieve the randomization effect in time domain for D2D broadcast.
Observation 3: For high traffic density scenarios, selection of the T-RPT from the T-RPT set to minimize weighted sum of collisions can improve the performance especially for low SINR region.
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Appendix

T-RPT set expansion for 12 sub-frame case 

The T-RPT set based on Walsh matrix of order 8 can also be expanded to construct a T-RPT set for 12 subframes. The design problem is how to select 4 subframes for transmissions of a VoIP packet by a broadcast UE out of a total of 12 subframes. As shown in Fig.7, 12 subframes are divided into 8 subframe groups of different sizes. For the first 4 subframe groups, each subframe group only consists of 1 subframe (subframe 0). For the last 4 subframe groups, each subframe group consists of 2 subframes (subframes 0 and 1).
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Fig.7. Indexing of sub-frames for T-RPT set expansion  
The determination of which subframes to transmit in then proceeds by the following two steps: 

1. Based on elements in a row of a Walsh matrix W8,1 of order 8 or its complement W8,2 (except two 1st rows) as shown in Fig.1, a broadcast UE determines whether to transmit or receive in each subframe group. 
2. Based on elements in a row of expansion matrices E, E’ or E” as provided below, a broadcast UE determines which subframe within a subframe group is used for transmission. Expansion matrices are designed so that the minimum Hamming distance between any two rows of the expansion matrices is 2. 

a) For rows 2,3,4, 6, 7, 8 of Walsh matrix W8,1 and W8,2, the expansion matrix E is: 
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b) For row 5 of Walsh matrix W8,1, which has 4 consecutive +1s for the first 4 elements, the expansion matrix E’ is: 
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c) For row 5 of Walsh matrix W8,2, which has 4 consecutive +1s for the last 4 elements, the expansion matrices E” are: 
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Based on the properties of Walsh matrices W8,1 and W8,2, expansion matrices E, E’ and E”, and the above procedure, T-RPTs for 12 subframes have the following properties: 
· The total number of available transmission patterns in theT- RPT set for 12 sub-frames is 33.  A broadcast UE transmits a VoIP packet 4 times.
· For any two broadcast UEs using different transmission patterns, one broadcast UE can have the chance to receive transmissions from the other broadcast UEs at least twice, which resolves the half-duplex constraint. 
T-RPT set expansion for 20 sub-frame case 
The T-RPT set based on Walsh matrix of order 8 can also be expanded to construct a T-RPT set for 20 subframes. The design problem is how to select 4 subframes for transmissions of a VoIP packet by a broadcast UE out of a total of 20 subframes. As shown in Fig.8, 20 subframes are divided into 8 subframe groups of different sizes. For the first 4 subframe groups, each subframe group consists of 2 subframes (subframes 0 and 1). For the last 4 subframe groups, each subframe group consists of 3 subframes (subframes 0, 1 and 2).
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                Fig.8. Indexing of sub-frames for T-RPT set expansion
The determination of which subframes to transmit in then proceeds by the following two steps: 

1. Based on elements in a row of a Walsh matrix W8,1 of order 8 or its complement W8,2 (except two 1st rows) as shown in Fig.1, a broadcast UE determines whether to transmit or receive in each subframe group. 
2. Based on elements in a row of expansion matrices E, E’ or E” as provided below, a broadcast UE determines which  subframe within a subframe group is used for transmission. Element 0, 1 and 2 indicates transmission at subframes 0, 1 and 2 respectively. Expansion matrices are designed so that the minimum Hamming distance between any two rows of the expansion matrices is 2.  

a) For rows 2,3,4, 6, 7, 8 of Walsh matrix W8,1 and W8,2, expansion matrices E are: 
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b) For row 5 of Walsh matrix W8,1, which has 4 consecutive +1s for the first 4 elements, expansion matrices E’ are:
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c) For row 5 of Walsh matrix W8,2, which has 4 consecutive +1s for the last 4 elements, expansion matrices E” are:
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Based on the properties of Walsh matrices W8,1 and W8,2, expansion matrices E, E’ and E”, and the above procedure, T-RPTs for 20 subframes have the following properties: 
· The total number of available transmission patterns in theT- RPT set for 20 subframes is 149.  A broadcast UE transmits a VoIP packet 4 times.
· For any two broadcast UEs using different transmission patterns, one broadcast UE can have the chance to receive transmissions from the other broadcast UEs at least twice, which resolves the half-duplex constraint. 
3

Page 10 of 7

_1468929755.unknown

_1468947398.vsd
+1


+1


+1


-1


+1


+1


+1


-1


+1


+1


+1


-1


-1


-1


-1


+1


+1


+1


+1


-1


+1


+1


+1


-1


+1


+1


+1


-1


-1


-1


-1


+1


+1


+1


+1


-1


+1


+1


+1


-1


+1


+1


+1


-1


-1


-1


-1


+1


-1


-1


-1


+1


-1


-1


-1


+1


-1


-1


-1


+1


+1


+1


+1


-1


W8,1 :


-1


-1


-1


+1


-1


-1


-1


+1


-1


-1


-1


+1


+1


+1


+1


-1


-1


-1


-1


+1


-1


-1


-1


+1


-1


-1


-1


+1


+1


+1


+1


-1


-1


-1


-1


+1


-1


-1


-1


+1


-1


-1


-1


+1


+1


+1


+1


-1


+1


+1


+1


-1


+1


+1


+1


-1


+1


+1


+1


-1


-1


-1


-1


+1


W8,2 = -1xW8,1 :



_1468159615.unknown

