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1
Introduction
During RAN#63 the LTE D2D ProSe work item was approved with the following objective [1]:

The objective of this work item is to enable device to device discovery in network coverage (intra-cell and inter-cell) and communication in network coverage (intra-cell and inter-cell), in partial network coverage and outside network coverage. The communication part is targeted to apply only to public safety use. The partial network coverage and out of network coverage scenarios apply only to public safety use. The work will proceed from the starting point of the agreements and working assumptions reached during the study item as captured in TR 36.843.

Details of physical layer design for D2D broadcast communication are to be specified including support for time/frequency hopping.

During RAN1#77 the following agreement regarding frequency hopping for D2D communication was reached:

Agreement: 

· Inter-subframe frequency hopping is supported for D2D data communication, and for discovery and SA transmission if multiple subframe transmission is used

· Details FFS, including: 

· FFS whether the hopping is PUCCH-like or PUSCH-like or something else.

· FFS: Whether or not frequency hopping is used, e.g:

· configurable for Mode 1

· preconfigured for Mode 2

· FFS details of hopping parameters and how they are (pre-)configured

· Intra-subframe frequency hopping is not supported (neither for data communication nor for discovery nor for SA transmission)

In this contribution we discuss the hopping pattern design and required signaling applicable for Mode 1 communication.
2
Time/Frequency Hopping Details
We discuss details of time/frequency hopping for D2D broadcast communication in this section. 

2.1 Time/Frequency Hopping Pattern Design
According to the above agreements, only inter-subframe frequency hopping is supported for D2D data communication. 

One approach is to utilize a symmetric frequency hopping pattern across transmissions as discussed in [2] and proposed for the time/frequency hopping pattern of the SA. The hopping mapping pattern may be based upon an index set and a predefined symmetric frequency hopping across transmission slots. Each allocation is associated with an index m, where m can take a value {0,… N_DRB-1} where N_DRB is the number of D2D RBs made available for data transmission by the network configuration. If a UE is allocated index m in time slot t, in the next time slot the UE will be allocated with the frequency symmetric RB of the time t allocation. Figure 1 gives an example hopping pattern for four time slots (N_T = 4) and N_DRB = 4.
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Figure 1. Example time/frequency hopping pattern for N_DRB = 4 SA and N_T = 4 subframes.
It is observed in Figure 1 that multiple periodicities of the transmissions are supported, which correspond to different T-RPTs allocated to the different UEs by the grant from the eNB [3].

One advantage this approach is that because it is fully deterministic the eNB may have a simplified approach for allocating appropriate resources for transmitting UEs with minimal control signaling overhead since it has a very similar design with existing UL frequency hopping approaches. 

An alternative is to introduce pseudo-randomness with a generalized hopping pattern. Figure 2, illustrates the resource allocation for two UEs where a frequency shift and time shift are applied. 
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Figure. 2. Example time/frequency hopping pattern for two UEs.

In this case the time/frequency hopping pattern is expressed as a series of shifts relative to a starting frequency DRB k and a starting subframe t. The frequency shift may be expressed as k + sF NF, where sF is the applied multiple of NF DRBs. Similarly the time shift may be expressed as a multiple st of Nt transmission instances. The selection of the time and frequency shift can be chosen according to the eNB implementation to provide frequency diversity and support half-duplex operation between multiple Tx and Rx UEs. Alternatively the value of the shift may be based upon an ID (e.g. target ID) which may allow for efficient inter-group interference coordination, which may be beneficial for public safety use cases.

Although the deterministic approach may have some advantages in terms of simplicity, the pseudo-random hopping approach may provide better performance in the out-of-network scenario where Mode 2 resource allocation is utilized instead [4]. Considering the importance of a common design with Mode 2 resource allocation as much as possible, there seems to be no reason to preclude support for both hopping patterns in principle [5]. 

Proposal 1:

· Both deterministic and pseudo-random frequency hopping are supported for Mode 1 resource allocation. 

2.2 Time/Frequency Hopping Signaling 
A common understanding between transmitting and receiving UEs of the applied time/frequency hopping pattern is needed. As a result, the time frequency hopping pattern should be indicated to the UE by the SA. Depending on the hopping design, different amounts of overhead would be included in the SA. 

The signaling in the SA could indicate the time/frequency hopping parameters instead of the complete time/frequency resource allocation pattern for example. An even further reduction in overhead could be achieved through signaling a frequency hopping pattern index. For example one bit could be carried in the SA to signal whether or not frequency hopping is applied to the D2D data transmissions and a second bit could indicate whether a deterministic or pseudo-random hopping pattern was applied with (pre)configured parameters. For Mode 1 resource allocation, this hopping pattern index also should be included in the grant provided by the eNB for the SA+data resource allocation [3].
Proposal 2:

· The time/frequency hopping utilized for D2D data should be indicated by the SA and SA+data grant as one or more hopping pattern indices. 

3
Conclusion

Based on the discussion in this contribution, we propose following:
Proposal 1:

· Both deterministic and pseudo-random frequency hopping are supported for Mode 1 resource allocation. 

Proposal 2:

· The time/frequency hopping utilized for D2D data should be indicated by the SA and SA+data grant as one or more hopping pattern indices. 
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