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1. Introduction
In this contribution, we first compare PUSCH-like and PUCCH-like frequency hopping for D2D communication. We then discuss the details of the PUSCH-like frequency hopping mechanism suitable for D2D broadcast. Finally, we provide a frequency hopping pattern design to avoid collision between transmission patterns in the frequency domain and to use up all the allocated resources for D2D communication.  
2. Frequency hopping for D2D communication 
2.1. PUSCH-like vs. PUCCH-like hopping  

It was agreed in RAN1#77 [1] that only inter-subframe frequency hopping is supported for D2D data communication if multiple subframe transmission is used. As for inter-subframe frequency hopping, there are two types proposed for study: PUCCH-like hopping and PUSCH-like hopping, as illustrated in the figures below. PUSCH-like frequency hopping is more suitable for D2D data communication due to the following reasons: 
1. For the in-coverage scenario, to maximize frequency diversity, PUCCH-like frequency hopping for D2D communication tries to use the resources close to the band edges where WAN PUCCH is usually located. The interference caused by in-band emissions from D2D communication to important WAN control signaling on PUCCH could be large. Hence the impact to WAN traffic is significant.    
2. PUSCH-like frequency hopping can provide more frequency diversity gain than PUCCH-like frequency hopping, especially for low speed channels and wide system bandwidths, due to the fact that the transmissions take place on more frequencies.  In Figure 3, we compare the link level performance of  PUSCH-like and  PUCCH-like hopping. It shows that PUSCH-like is about 1dB better than PUCCH-like hopping, despite the fact that PUCCH-like hopping uses the very edges of the 10MHz band. 
3. PUCCH-like frequency hopping is inclined to provide more frequency diversity gain to the broadcast UEs that are the first to transmit. From this perspective, PUSCH-like frequency hopping is fairer to all D2D broadcast UEs. 
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               Fig. 1 PUCCH-like frequency hopping vs. PUSCH-like frequency hopping
Proposal 1: PUSCH-like frequency hopping should be supported for D2D data communication if multiple subframe transmission is used.  
2.2. PUSCH-like frequency hopping mechanism
For D2D broadcast communication, the frequency hopping mechanism needs to be as simple as possible to simplify the detection of broadcast packets, while avoiding collisions. It should be similar to the existing LTE PUSCH frequency hopping mechanisms in order to multiplex easily with WAN transmissions.  
For the purpose of simple evaluation, we divide the D2D hopping bandwidth for D2D broadcast communication into 4 sub-bands, as shown in Fig.2. Here a 10MHz bandwidth is used as an example. Each sub-band consists of 12 resource blocks. A broadcast data channel (blue rectangle in Fig.2), which is used to transmit a VoIP packet, is assumed to occupy 2 consecutive RB pairs (2RB wide  x 1ms). 
A broadcast UE uses the RBs of the same relative location within sub-bands (same relative channel) for frequency hopping. All UEs follow the same frequency hopping order which can be configured either by the eNB or pre-configured.  
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Fig. 2 PUSCH-like frequency hopping mechanism
By contrast, it was proposed in [2] that random frequency hopping be employed by broadcast UEs. In this case, at the selected sub-frames in the time domain, a broadcast UE would randomly select RBs in the frequency domain for transmission of a VoIP packet. 

Compared with random frequency hopping, the proposed PUSCH-like hopping mechanism has the following advantages:  
1. It simplifies the detection of broadcast packets. 

2. It significantly reduces signalling overhead on frequency hopping. For random frequency hopping, a broadcast UE would need to signal the information of frequency locations of all 4 transmissions. For PUSCH like hopping with the same frequency hopping sequence employed by all UEs, only the information of the frequency location of the first transmission needs to be signalled.  
We provide some link level simulation results of different frequency hopping mechanisms for D2D broadcast communication. The modulation is QPSK and each 328 bit VoIP packet occupies 2 PRB pairs. The fading channel model is SCM UMi with 3kmh dual-mobility. The carrier frequency is 700MHz.  The other simulation parameters are listed in Table 1 in the appendix. The target BLER requirement is set to be 2% to guarantee QoS for VoIP. 4 transmissions of a VoIP packet hop over a 10MHz bandwidth.  Fig.3 shows that the performance of PUSCH-like hopping mechanism is slightly better than random frequency hopping. 
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                             Fig.3. Link level performance of frequency hopping

Proposal 2: All UEs follow the same frequency hopping sequence which can be configured either by eNB or pre-configured.  
2.3. Frequency hopping pattern  
In this section, we provide a design of frequency hopping patterns for D2D broadcast, which is compatible with T-RPT sets.  The designed frequency hopping patterns serves two purposes:
· Avoid collision between transmission patterns
· Use up all the allocated resources for D2D communication
In a companion tdoc [3], we describe a procedure to construct T-RPT sets based on Walsh matrices. For the example of the 16 subframe case (the time domain indexing is shown in Fig.4), the subframes for transmission for a given UE are determined as follows: 
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Fig.4. Indexing of subframes for T-RPT set
1. Based on elements in a row of a Walsh matrix W8 of order 8 and its complement W8‘(except two 1st rows) as shown in Fig.5, a broadcast UE determines whether to transmit/receive at sub-frame groups. While +1 indicates transmission (a broadcast UE only transmits at one out of two sub-frames in a sub-frame group), -1 indicates reception. We can down-select rows for pattern construction. For example, we may choose not to use row 5 since there are 4 consecutive transmissions (+1) which may impact time diversity. 
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Fig.5. Walsh matrix of order 8 and its complement  
2. Based on elements in a row of expansion matrices E4 and E4‘as shown in Fig.6, a broadcast UE determines which sub-frame (sub-frame 0 or sub-frame 1) within a sub-frame group is used for transmission. 
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Fig.6. Expansion matrices to indicate which sub-frame within a sub-frame group is used for transmission
To explain the design of frequency hopping pattern more clearly, we use Pi,j to denote a T-RPT with i∈{2,3,4,5,6,7,8}∪{2’,3’,4’,5’,6’,7’,8’} indicating the selected row and the Walsh matrix from which the row is selected, and j∈{1,2,3,4}∪{1’,2’,3’,4’} similarly indicating the row of the expansion matrices. Thus, if i∈{2,3,4,5,6,7,8}, the ith row of W8 is used for T-RPT construction, and if i∈{2’,3’,4’,5’,6’,7’,8’}, the ith row of W8‘ is used for T-RPT construction. Similarly, if j∈{1,2,3,4}, the jth row of E4 is used for T-RPT construction, and if j∈{1’,2’,3’,4’}, the jth row of E4‘ is used for T-RPT construction. PI,J denotes the whole T-RPT set. Pi,J denotes a T-RPT subset with i fixed and J={1,2,3,4}∪{1’,2’,3’,4’}. Within a subset Pi,J , Pi,j and Pi,j’ are complementary transmission patterns. There are 4 pairs of complementary patterns in each subset. Pi,J and Pi’,J are complementary T-RPT subsets. 

The frequency hopping patterns follow two assignment rules. First, both complementary T-RPT subsets and complementary transmission patterns are assigned RBs of the same relative location within a sub-band (same relative channel). Second, within a T-RPT subset Pi,J, non-complementary patterns Pi,j and Pi,k use the same relative location within sub-bands. However, they use different sub-bands for their 1st transmissions. Fig. 7 shows frequency hopping patterns of T-RPT subsets P3,J and P6,J . By exploiting the complementary properties of the T-RPT set, the designed frequency hopping patterns can avoid collision between transmission patterns in the frequency domain and can fill in all the allocated resources for D2D communication. 
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                Fig.7. Frequency hopping patterns of T-RPT subsets P3,J and P6,J  
Proposal 3: The association between frequency hopping patterns and T-RPTs should be designed to avoid collisions.  
Proposal 4:The frequency hopping patterns and associations with T-RPTs shown in Fig. 7 should be adopted. 
3. Conclusions

In this contribution, we first compare PUSCH-like and PUCCH-like frequency hopping for D2D communication. We observe that PUSCH-like frequency hopping performs better than both PUCCH-like hopping and random hopping. Therefore:

Proposal 1: PUSCH-like frequency hopping should be supported for D2D data communication if multiple subframe transmission is used.  
We then discuss the details of PUSCH-like frequency hopping mechanism suitable for D2D broadcast and provide a design of frequency hopping patterns to avoid collision between transmission patterns in frequency domain and to use up all the allocated resources for D2D communication.   
We also propose:
Proposal 2: All UEs follow the same frequency hopping sequence which can be configured either by eNB or pre-configured.  
Proposal 3: The association between frequency hopping patterns and T-RPTs should be designed to avoid collisions.  
Proposal 4:The frequency hopping patterns and associations with T-RPTs shown in Fig. 7 should be adopted. 
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Appendix

Table 1 Link level simulation parameters 

	Parameter
	Value

	Carrier frequency
	700 MHz

	System BW
	10MHz 

	Transmission scheme
	1 TX, 2 RX antennas

	Coding
	Turbo, autonomous retransmission with fixed RV0

	Modulation
	QPSK

	Transmission bandwidth
	2PRBs 

	VoIP packet size
	328 bits

	CRC size
	24 bits
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