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1
Introduction
This contribution investigates details on how to apply frequency hopping to Mode 2 D2D data transmission.
2
Frequency hopping in Mode 2 data resource pool
In RAN1#77 meeting, following agreements were made regarding frequency hopping for D2D [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 RAN1#78 meeting, following agreements were made regarding frequency hopping for D2D data transmission [2]:
Agreement:

· PUSCH like hopping is used for D2D Data

· Both Type 1 PUSCH hopping and Type 2 PUSCH hopping are supported for D2D data

· Type 2 PUSCH hopping for D2D data uses a hopping ID that is configured with the SA resource pool configuration
· For Mode 2 data, the hopping only applies to the resources configured in the resource pool
Following agreements were also made in RAN1#78 meeting, regarding transmission and reception pool for D2D and SA contents [2]:
Agreement:

· Transmission and reception resource pool for SA, Discovery, and Mode 2 data of a cell is indicated using

· subframeBitmap: 

· …(omitted)
· prbLength: length of a D2D allocation in PRB 

· Does not represent the total D2D allocation in a sub-frame

· startPRB: D2D transmissions on a subframe can occur on PRB index greater than or equal to this value and less than startPRB+prbLength 

· endPRB: D2D transmissions on a subframe can occur on the PRB index lesser than or equal to this value and greater than endPRB-prbLength 

· Data Pool details as on slides 4, 5 and 6 in R1-143455, with the following changes:…(omitted)
· On slides 2, 4, 5, 6: change prbLength -> numPRBs
Agreements:

· Frequency resource is indicated by Rel-8 UL Type 0 resource allocation (5 – 13 bits depending on System BW)

· 1 bit frequency hopping indicator (as per Rel-8)

· Note that some reinterpretation of the indexing is to be defined so that hopping does not use PRBs outside the configured resource pool for mode 2. 

· Note that only single-cluster resource allocations are valid 

· this implies that if there are gaps in the resource pool in the frequency domain, a resource allocation shall not straddle a gap

· No RV indicator in SA

· RV pattern for data: {0, 2, 3, 1}

In this section, we address how to to apply frequency hopping to Mode 2 D2D data transmission. According to the agreement on the resource pool configuration [3], for Mode 2 data resource pool, the frequency resources can be separated into two regions, D2D data region A and B, as shown in Figure 1.
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Figure 1. Example of frequency resources for Mode 2 data
Based on the agreements above, the hopping only applies to the resources configured in the resource pool for Mode 2 data. Currently, Type 1 and Type 2 hopping schemes are not directly applicable to separated frequency regions, since only the hopping in one contiguous PUSCH RB region was considered. If the hopping scheme defined in current specification is used for D2D data transmission as it is, D2D Tx UEs may use PRBs outside the configured resource pool for Mode 2.
For Type 1 hopping shown in Table 1, one of possible method to avoid using PRBs outside the configured resource pool for mode 2 is to introduce the number of RBs configured in the resource pool for Mode 2 data instead of the number of PUSCH RBs.
Table 1. PDCCH/EPDCCH DCI format 0 hopping bit definition
	System BW
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In addition, the scheduled RB start index 
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at sub-frame i, can be re-defined as RB index in the set of RBs configured in the resource pool for Mode 2 data. Then the RB index after hopping can be mapped to the actual PRB index in the uplink system bandwidth. The resulting definition on D2D grant hopping bit is summarized in Table 2.
Table 2. Example of D2D grant hopping bit definition
	System BW
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indicates the number of RBs configured in the resource pool for Mode 2 data, which is equal to 2∙numPRBs. 
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means the start RB index in the set of RBs configured in the resource pool for Mode 2 data. 
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can be defined as following equation.
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where 
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is the start RB obtained from SA. By Type 1 frequency hopping, the mapping to the PRB index 
[image: image20.wmf])

(

i

n

PRB

can be defined as following equation.
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where 
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 indicates the RB index in the set of RBs configured in the resource pool for Mode 2 data and it can be one of {0, 1, 2, ..., 2(numPRBs-1}.
For Type 2 hopping, the similar approach as Type 1 hopping can be applied to avoid using PRBs outside the configured resource pool for Mode 2. One example of the resulting hopping pattern is shown in the following equation.
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where 
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is the RB index by Type 2 frequency hopping in the set of RBs configured in the Mode 2 data resource pool, and 
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indicates scheduled RB index in the set of RBs configured in the Mode 2 data resource pool. 
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 are the number of RBs in a sub-band and the number of sub-bands in the Mode 2 data resource pool, respectively. Therefore, 
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would not be larger than the number of RBs configured in the Mode 2 data resource pool, 2∙numPRBs.

[image: image29.wmf]VRB

 

D2D

~

n

can be defined as following equation.


[image: image30.wmf]î

í

ì

£

<

-

×

+

-

+

<

£

-

=

   

endPRB

 

numPRBs

-

endPRB

 

If

1

numPRBs

2

 

endPRB

 

numPRBs

startPRB

 

startPRB

 

If

       

          

          

startPRB

~

VRB

VRB

VRB

VRB

VRB

 

D2D

n

    

n

n

n

n


where 
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is obtained from SA. After frequency hopping is done, the mapping to the PRB index 
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The definition of
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also needs to be modified by reflecting the parameters above. Then the number of sub-bands would be two at least.
Proposal:
· For Mode 2 data transmission, current Type 1 hopping and Type 2 PUSCH hopping need to be modified to avoid using PRBs outside the configured resource pool for Mode 2.
3
Conclusion

Based on the discussion in this contribution, we propose following.
Proposal:
· For Mode 2 data transmission, current Type 1 hopping and Type 2 PUSCH hopping need to be modified to avoid using PRBs outside the configured resource pool for Mode 2.
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