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1
Introduction
At RAN1 #77, following agreements were made for hopping for D2D discovery and communication [1]:

	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 focus on hopping for D2D communication – in particular, we study hopping for D2D data in Section 2 and hopping for D2D SA in Section 3. 
We note that hopping for discovery is covered in a companion contribution [2].
2  
Hopping for D2D Data
As per the agreement made at RAN1 #77, we focus on existing PUSCH, PUCCH hopping patterns for the inter sub-frame hopping for D2D. Therefore we consider the following hopping patterns:

1. PUCCH Hopping (that hop on the edge of the band)

2. PUSCH Hopping

a. Type 1: fixed offset that is signaled on DCI-0 is used for every alternate transmission

b. Type 2 (defined in terms of number of sub-bands): 

i. Nsb = 1: uses mirroring similar to PUCCH hopping

ii. Nsb = 2, 3, 4: cell ID dependent hopping across sub-bands and mirroring pattern 

The performance of these 6 schemes is shown in the figure below for D2D VOIP communication. 
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Figure 1 Performance of Various Hopping Schemes

We note that PUCCH curve lies on top of PUSCH Type 2 curve with 1 sub-band – this is because both of these use similar hopping patterns. We further note that Type 2 hopping with 3 and 4 sub-bands offers additional diversity compared to Type 1 hopping due to hopping across more frequencies.

Based on the results, we make the following observation and proposal:

Observation 1: PUCCH like hopping can be obtained via PUSCH Type 2 hopping when the number of sub-bands is 1.

Proposal 1: PUSCH hopping should be used as baseline for D2D Data – both Type 1 and Type 2 hopping are supported for D2D.
Next, we discuss Type 1 and Type 2 PUSCH hopping for D2D – we propose that both of these are supported for D2D, and associated signaling and some modifications are discussed in Section 2.1 and Section 2.2
We note that both Type 1 and Type 2 hopping use a parameter NHORB which is used to avoid collision between PUSCH and PUCCH resources. We propose that a similar parameter be defined for D2D to avoid collision with PUCCH resources. 
Proposal 2: A parameter NHORB, D2D is defined with the purpose of avoiding collision with PUCCH resources.  
2.1 Type 1 PUSCH hopping for Data

We note that Type 1 PUSCH hopping uses an offset signaled via DCI-0 for UL transmissions. For WAN, the offset is applied for every alternate transmissions which in case of UL HARQ means re-transmission that occur either 8ms apart or 24ms apart or 40ms apart and so on (when CURRENT_TX_NB is odd).  This is because WAN UL follows a synchronous H-ARQ timeline. However, for D2D, re-transmissions are not necessarily 8 ms. apart but depend on the T-RPT design currently being discussed. 

In order for efficient multiplexing of WAN and D2D a desirable property is:


If an initial WAN UL transmission does not collide with an initial D2D transmission, then the re-transmissions should not collide. 
This property given the synchronous WAN UL H-ARQ process and Type 1 WAN UL definition implies:

1. Retransmissions that are 8 ms., 24ms, 40ms apart use an offset in frequency
2. Retransmissions that are 16ms, 32ms, 48ms apart do not use an offset in frequency.

In order to harmonize these two properties along with D2D transmissions that do not necessarily follow a synchronous H-ARQ timeline, we propose that transmissions that are y sub-frames apart use an offset in frequency if y mod (8) + floor(y/8) is odd.  

Proposal 3: For D2D Type 1 hopping, an offset in frequency is applied for every transmission that is y sub-frames later such that y mod (8) + floor(y/8) is odd. 

Proposal 4: the offset for Type 1 hopping is signaled via D2D DCI for Mode 1 and via SA for both Mode 1 and Mode 2.

2.2 Type 2 PUSCH hopping for Data

We note that Type 2 hopping for WAN UL depends on a SIB configured parameter Nsb (number of sub-bands) and propose that a similar parameter is defined for D2D.

Proposal 5: For D2D Type 2 hopping, parameter Nsb,D2D is defined is signaled via SIB for in-coverage and pre-configured for out of coverage.

We note that for Type 2 PUSCH hopping for WAN UL, the hopping and mirroring pattern depends on the cell ID (if Nsb > 1).  This means that the receiver needs to be aware of the cell ID being used by the transmitter in order to correctly determine the hopping pattern.  For this, there are two possible approaches – use a fixed cell ID (=510) for D2D or provide cell ID via SA. From simplicity perspective, we propose that a fixed Cell ID is used. 
Proposal 6: A fixed cell ID = 510 is used for D2D Type 2 hopping. 

3  
Hopping for SA

We note that the following agreement was made for SA transmissions:
	Agreement:  

· Given a certain SA resource pool and time/frequency resource that is used for a transmission of an SA message by a UE, the other time/frequency resources used by the same UE for transmission(s) of the same SA message within an SA resource period are known and fixed in the specification
· Details FFS
· FFS on whether/how to minimize the collision of transmissions in Mode 2



In this section, we give our proposed mapping of resource selection for repetitions within SA resource pool. We note that one of the main motivations for this was to allow UEs to combine multiple transmissions of SA. Additional metrics that can be considered are half duplex / in-band emissions mitigation using re-transmissions as well as frequency diversity across transmissions. 

Given the similarities of these objectives with the discussion on discovery hopping, we propose (based on [3]):

Proposal 7: a T-F switching hopping rule is used for SA re-transmissions.
Proposal 8: an offset in frequency is used for harnessing frequency diversity across transmissions. The frequency shift can be set to BW/ (Number of SA repetitions).

We note that Proposal 7 solves the problem of half duplex constraint to some extent, while Proposal 8 is targeted towards obtaining frequency diversity. The hopping patterns are shown in the Figure 2 below. 
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Figure 2 SA re-transmission pattern
4 
Conclusion

In this contribution, we made the following observations and proposal for hopping for D2D communication:
Observation 1: PUCCH like hopping can be obtained via PUSCH Type 2 hopping when the number of sub-bands is 1.

Proposal 1: PUSCH hopping should be used as baseline for D2D Data – both Type 1 and Type 2 hopping are supported for D2D.

Proposal 2: A parameter NHORB, D2D is defined with the purpose of avoiding collision with PUCCH resources.  

Proposal 3: For D2D Type 1 hopping, an offset in frequency is applied for every transmission that is y sub-frames later such that y mod (8) + floor(y/8) is odd. 

Proposal 4: the offset for Type 1 hopping is signaled via D2D DCI for Mode 1 and via SA for both Mode 1 and Mode 2.

Proposal 5: For D2D Type 2 hopping, parameter Nsb,D2D is defined is signaled via SIB for in-coverage and pre-configured for out of coverage.

Proposal 6: a fixed cell ID = 510 is used for D2D Type 2 hopping. 

Proposal 7: a T-F switching hopping rule is used for SA re-transmissions.
Proposal 8: an offset in frequency is used for harnessing frequency diversity across transmissions. The frequency shift can be set to BW/ (Number of SA repetitions).
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