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1. Introduction

In RAN1 #77 meetings, the frequency hopping methods for D2D communication were discussed, and the following agreements were made [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)

Agreement:  

· For both Mode 1 and Mode 2, resource for single transmission (i.e. 1 subframe) of SA is FFS between 1 PRB-pair and 2 PRB-pair

· Retransmissions of  SA are supported

· FFS whether Chase combining

· Total number of transmissions of SA is FFS between
· fixed to a single value in specifications, and
· (pre-)configurable among two values
· FFS until RAN1#78 what these values are
· Number(s) of SA subframes in the SA resource pool FFS until RAN1#78 
· 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
Based on the above agreement, the retransmission and frequency hopping for both SA and data is supported in D2D communication. In this contribution, we will further discuss the frequency hopping mechanism for both SA and data.
2. Discussion
For D2D broadcast communication, since a D2D transmission needs to be receipt by multiplex Rx UEs. In order to avoid confusions at reception and improve the robustness of D2D transmission, we prefer frequency hopping in D2D broadcast communication operated in always-on manner, and the hopping pattern is cell-specific or preconfigured. 
Proposal 1:  Frequency hopping for D2D broadcast communication is operated in an always-on manner and the hopping pattern is cell-specific or preconfigured.
2.1. PUCCH-like Vs. PUSCH-like manner
In [2], the pros and cons between PUCCH-like Vs. PUSCH-like manner are compared. The link level evaluation for both frequency hopping manners is provided. The D2D resource pool used for different frequency hopping manner is shown in Figure 1. Table 1 is simulation assumptions, and the simulation results are shown in Figure 2. In SA link level simulation, as shown in Figure 2-a, both frequency hopping methods perform similar frequency diversity gain, it is primary due to the fact that the retransmission number of SA is 2, and then the frequency diversity orders of both methods are same. In data link level simulation, as shown in Figure 2-b,  PUSCH-like manner performs  a little better than PUCCH-like manner(the gain is less than 1 dB), it is primary due to the fact that the retransmission number of data is 4, and then the frequency diversity order of PUSCH-like manner is larger than that of PUCCH-like manner.  Further considerate the case that data is transmitted nearby central frequency, where PUCCH-like manner cannot obtain frequency diversity gain(it is similar as non-frequency hopping manner), the results show that PUSCH-hopping manner can provide obvious performance gain in this case. 
For in-coverage scenario, the D2D resource pool can be configured at the edge of system bandwidth which can avoid the fragmentation of the spectrum for cellular PUSCH transmission, and the performance loss of PUCCH-likely hopping is minor. 
For out-of-coverage scenario, since the entire system bandwidth can be used for D2D transmission, the PUSCH-like manner can obtain frequency diversity gain even when the frequency used for D2D transmission is nearby central frequency.
From the above investigation, essentially, it is found that effect and corresponding deployment of frequency hopping methods depends on resource allocation for D2D communication. There are two options:
· Option 1: Considering consecutive PUSCH resources for WAN, D2D transmission are allocated at the edge of WAN PUSCH edge (with proper GB) . In this case, PUCCH-like hopping is preferred.
· Option 2: When resources for D2D transmission can be multiple sub-bands, PUSCH-like hopping is preferred. 
 Proposal 2: Down-select from option 1 and 2 according to the resource allocation for D2D communication in case of in-coverage scenario.
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Figure 1:  Resource pool configuration of two frequency hopping methods
Figure 1:  Table 1: Link level simulation assumptions
	Parameters
	SA assumptions
	Data assumptions

	System Bandwidth
	10 MHz

	Carrier Frequency
	2GHz

	Channel Model
	ITU UMi NLOS 

	Antenna Configuration
	1T2R 

	HARQ Transmissions
	Chase Combining 

	Channel Estimation Algorithm
	MMSE

	Transmission Bandwidth
	2 PRBs

	Mobile Speed
	3 km/h

	Frequency hopping methods
	1) PUCCH-like
2) PUSCH-like (Type 2)
3) No-FH

	Payload
	54 bits
	328 bits

	Coding/Modulation
	TBCC/QPSK
	Turbo/QPSK

	Retransmission number
	2 
	4
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a) SA link level simulation



b) Data link level simulation
Figure 2: Link level simulation results
2.2. For partial-coverage scenario
In case of partial-coverage scenario, the frequency hopping pattern may be different between in-coverage and out-of coverage UEs, then Rx UEs need to know what the exact frequency hopping pattern for a D2D transmission. As discussed in [3], in order to aid the reception of out-of-coverage UEs, the D2D resource pool information need to be carried by PD2DSCH, which is transmitted by an in-coverage UE. Similarly, the frequency hopping pattern information can also be carried by PD2DSCH. 
For SA reception, if an out-of-coverage UE is operated in partial-coverage case, it need to blind decode the SA according two resource pool configuration: one is cell-specific SA resource pool used for in-coverage UEs, the other is preconfigured SA resource pool used for out-of coverage UEs.
Proposal 4: Reception of SA needs to perform in each received resource pool configuration.
For data reception, if an out-of-coverage UE is operated in partial-coverage case, a Rx UE needs to know the exact resource and frequency hopping pattern used for a data transmission, two methods are provided as follows:
· Option 1: All the resource allocation and frequency hopping pattern information are carried by SA.
In this method, beside the exact PRB resource allocation indictor, the time-domain resource used for D2D transmission also needs to be carried in SA. For example, D2D subframes used for in-coverage UE is not configured in each subframe, especially in TDD system. Furthermore, the frequency hopping information is also indicated by SA.
· Option 2: Source ID of used resource pool configuration is indicated by SA. 
Since D2D resource pool configuration and frequency hopping information can obtained from PD2DSCH, then the SSID can be the source ID of the D2D resource pool. If a Rx UE can obtain the source ID of resource pool, it can know the time-domain resource and frequency hopping information according to the PD2DSCH. The source ID can be carried in SA contents or carried by DMRS sequence.  If the source ID is carried by DMRS sequence, the receiving UEs need perform DMRS blind detection according the received PD2DSCH(s). 
Consideration that resource pool configuration and frequency hopping pattern is configured by cell-specific or preconfigured manner, then it may be inefficient to carry the information in SA. Therefore, we prefer only source ID of the resource pool is indicated by SA, and the frequency hopping pattern information is included in the resource pool configuration information which is carrier by PD2DSCH.
Proposal 5: Source ID of used resource pool configuration is carried by SA contents, where the source ID can be SSID.
3. Conclusion 
In this contribution, frequency hopping mechanism for both SA and data are discussed. Particularly, we have following proposals:
Proposal 1:  Frequency hopping for D2D broadcast communication is operated in always-on manner and the hopping pattern is cell-specific or preconfigured.
Proposal 2: Down-select from option 1 and 2 according to the resource allocation for D2D communication in case of in-coverage scenario.
Proposal 4: Reception of SA needs to be performed in each received resource pool configuration.
Proposal 5: Source ID of used resource pool configuration is carried by SA contents, where the source ID can be SSID.
4. References

[1]. RAN1 chairman notes in #76
[2]. R1-141998, “Data transmission in D2D communication”, CATT, Seoul, Korea, 19th – 23rd May 2014
[3]. R1-142890, “Design of D2DSS and PD2DSCH”, CATT, Dresden, Germany, 18th – 22nd August 2014
_1469023346.vsd
�

PUCCH


D2D Trans.


D2D Trans.


PUCCH


D2D resource pool


D2D resource pool


A) PUCCH-likely hopping resource pool


B) PUSCH-likely hopping resource pool


PUSCH resource


System bandwidth


Subframe i


PUCCH


D2D Trans.


D2D Trans.


PUCCH


PUSCH resource


System bandwidth


Subframe i


D2D Trans.


D2D Trans.



