3GPP TSG RAN WG1 Meeting #78
R1-142837
Dresden, Germany, August 18 – 22, 2014
Agenda Item:
7.2.3.1.1
Source:
Huawei, HiSilicon
Title:
Frequency hopping for D2D communication
Document for:
Discussion and decision
1 Introduction
At the RAN1#77 meeting, it was agreed to use frequency hopping on the D2D physical channels [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 will compare frequency hopping methods derived for both PUCCH and PUSCH hopping techniques for both SA and data transmission. Frequency hopping for discovery is discussed in another contribution [4]. 
2 Inter-subframe frequency hopping techniques
PUCCH-like frequency hopping techniques
The original PUCCH hopping is as follows [2]:
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To adopt something similar to PUCCH hopping for D2D, several aspects should be considered, including
· The PRB allocation for D2D
· The bandwidth allocated for D2D operation

· Number of D2D repetitions for each D2D transmission
In addition, PUCCH hopping is done on a per-slot basis. For D2D transmission, it needs to be slightly modified to be on a per-subframe basis. The most straightforward hopping scheme (called PUCCH-1) is then defined as follows (using 36.211 notation):
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 (1)
Where:
· i is the subframe number over the pool of subframes used for D2D transmission only
· mi is the current retransmission number for a given transmission block (TB) at subframe i, the value of mi ranges from [0, Nm-1], where Nm is the maximum number of transmissions of the TB
· 
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 is the frequency location indicated by signalling or predefined for mode-2.
· 
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 is the D2D transmission data bandwidth 

· 
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 is the total RB for D2D transmission, which can be signaled by signalling signalling
PUCCH-1 hops between only two different frequency positions regardless of the number of retransmissions for a TB. 
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Figure 1: PUCCH-2 method to avoid the frequency fragmentation issue

If more than 2 transmissions are used (e.g., 4), an offset can be added for retransmissions 3 and 4 to increase frequency diversity (PUCCH-2) by providing more hopping possibilities. An offset is added in formula (1): 
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Where 
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 is a nonzero offset which can be signaled or predefined.
With PUCCH-2, there are 2Nm distinct frequency positions for a given TB. This may come at the price of cellular spectrum fragmentation. However, this can be alleviated by using a UE-specific 
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 value. This is illustrated in Figure 1 for two D2D transmitters. If the Noffset1 is set to the bandwidth of D2D UE2, and the Noffset2 is set to the bandwidth of D2D UE1, then the two D2D UE’s resource can be located together, and there will be a clean resource allocation for the two D2D UEs, no collision or unusable subband. Note also that PUCCH-2 uses blocks of contiguous PRBs, thus can also be easily multiplexed with cellular PUSCHs.
PUSCH-like frequency hopping techniques
The PUSCH hopping method [2] can be used directly for D2D. In the PUSCH-like frequency hopping method, the location in frequency domain is produced by the functions fhop() and fm(), randomized by the sequence c(i) [2]. The PUSCH-like frequency hopping method will be more random than PUCCH-1 method. Hence, we expect the PUSCH-like method to have a better performance than the PUCCH-1 method. 
Analysis of frequency hopping techniques
We present an example to show the hopping frequency positions for the three kinds of hopping techniques. The assumptions are listed in Appendix B. For three kinds of hopping techniques, subframe 0-9 related frequency positions have been calculated, and we can calculate the average number of distinct frequency positions for Nm retransmission subframes over the pool of subframes used for D2D transmission only. Actually, the subframes locations for transmission of a given TB can be configurable [3]. The subframes can be contiguous or non-contiguous subframes. In Table 1, we show examples of hopping sequences for one PRB, for various Nm values for each of the 3 algorithms. Note that since there are only Nm transmissions per packet, only Nm subframes are used, thus Nm frequency positions (distinct or not) are used.
In Table 1, we can see the PUCCH-1 method, on average, hops on a smaller number of frequencies. PUCCH-2 method uses on average Nm frequency positions and PUSCH-like methods uses less than Nm. For PUSCH-like methods, it would be possible to configure a large Nsb value to get more different average frequency positions. However, the maximum average value of hopping frequencies of is no more than Nm. In addition, large Nsb values will create more fragmentation, thus a lower spectral efficiency on the cellular WAN. 
Table 1: Frequency positions information for three kinds of hopping methods
	Nm
	Hopping methods
	Frequency position from subframe 0-9
	Average frequency positions over Nm subframes retransmissions
	Number of frequency positions

	2
	PUCCH-1
	4, 44, 4, 44, 4, 44, 4, 44, 4, 44
	2
	2

	
	PUCCH-2
	Select from {4, 44, 16, 32}
	2
	4

	
	PUSCH-like
	4, 4, 4, 4, 45, 27, 27, 27, 27, 27
	1.4
	3

	4
	PUCCH-1
	4, 44, 4, 44, 4, 44, 4, 44, 4, 44
	2
	2

	
	PUCCH-2
	Select from {4, 44, 10, 38, 16, 32, 22, 26}
	4
	8

	
	PUSCH-like
	15, 37, 4, 15, 32, 37, 15, 37, 4, 26
	2.9
	5


3 Simulation results
The three hopping patterns are compared by means of simulations. The assumptions are listed in Appendices A and B.  Simulation results are shown in Figure 2. 
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Figure 2: Performance ccomparison for the three kinds of frequency hopping techniques
As expected, PUCCH-1 shows the worst performance of all three schemes. The gains of PUCCH-2 over PUCCH-1 and PUSCH-like are summarized in Table 2. We can see that the more retransmissions used, the larger performance gain would be. Although the average number of different frequency positions for PUCCH-1 and PUCCH-2 are the same for the Nm =2 case, for PUCCH-2, four different frequency positions can be used, allowing more frequency diversity gain. 
Table 2: Performance comparisons from PUCCH-2 to PUCCH-1 and PUSCH-like techniques
	BLER
	Nm
	Performance gain of PUCCH-2 over PUCCH-1 [dB]
	Performance gain: PUCCH-2 over PUSCH [dB]

	0.1
	2
	1
	0.4

	
	4
	 1.4
	0.4

	0.01
	2
	2.1
	0.8

	
	4
	2.9
	0.8


4 Frequency hopping bandwidth for D2D

D2D transmissions have to co-exist and share the available bandwidth with cellular communications. A potential issue that can then arise is spectrum fragmentation, resulting in resources being wasted. In this section, we investigate how to avoid spectrum fragmentation. There are two possibilities:
i. whole WAN system bandwidth is used for D2D: D2D communications can occur anywhere within a given carrier
ii. dedicated bandwidth is used for D2D: a part of the WAN system bandwidth is reserved for D2D communications
With a hopping pattern, each subframe will be allocated different frequency positions. All these frequency positions will be mapped to the WAN system bandwidth directly. The cellular spectrum fragmentation issue will be difficult to avoid if PUSCH hopping is used. Hence, PUCCH methods should be used to solve this issue. Although PUCCH-1 can totally avoid the frequency fragmentation issue, PUCCH-2 is preferred due to the better link performance. Note that in order to avoid fragmentation, 
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 needs to be defined on a per-UE basis.
Proposal 1: if D2D can be located anywhere in the WAN system bandwidth, PUCCH-2 hopping is preferred
If a portion of the WAN system bandwidth is reserved for D2D communications, the situation is different. Frequency hopping can also be applied on the D2D dedicated resource pool only. For example, in a cell, the eNB will allocate a 5MHz D2D transmission bandwidth to all D2D transmission within a 20MHz system bandwidth. Then the hopping pattern will be applied in the virtual continuous 5MHz D2D transmission bandwidth. After hopping in the dedicated virtual D2D transmission bandwidth, a remapping the resource from the D2D virtual transmission bandwidth to the WAN 20MHz system bandwidth can be performed, as shown in Figure 3. 
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Figure 3: frequency hopping within the D2D dedicated resource pool
This method has some benefits:
· It can avoid the WAN frequency fragmentation
· It has no extra scheduling limitation to WAN, after the dedicated D2D resource pool is given
· Since the D2D transmission bandwidth will be reduced from the WAN system bandwidth to D2D transmission bandwidth, then the SA signalling overhead to indicate the resource allocation will be reduced
In the virtual D2D transmission bandwidth, PUCCH-1, PUCCH-2 and PUSCH-like hopping techniques can be used. Considering the frequency fragmentation issue for PUSCH-like and performance loss for PUCCH-1, PUCCH-2 hopping technique is slightly preferred. 
Proposal 2: If a bandwidth is reserved for D2D operation, both PUCCH and PUSCH hopping methods can be used for D2D frequency hopping
· PUCCH-2 slightly preferred

5 Conclusions 
In this paper, the details of inter-subframe frequency hopping has been discussed, we have compared three types of hopping techniques: PUCCH-1, PUCCH-2 and PUSCH-like by analysis and link level simulation, and the D2D hopping bandwidth has been discussed too. From the discussions, we have the following conclusions:
Proposal 1: if D2D can be located anywhere in WAN system bandwidth, PUCCH-2 hopping is preferred
Proposal 2: If a bandwidth is reserved for D2D operation, both PUCCH and PUSCH hopping methods can be used for D2D frequency hopping
· PUCCH-2 slightly preferred
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Appendix A: Simulation assumptions
Table 3: Simulation parameters
	Parameters
	Assumptions

	Carrier frequency (GHz)
	2

	Bandwidth (MHz)
	10

	Antenna configuration
	1Tx, 2Rx

	Channel model
	EPA/ETU

	Guard Period
	No GP

	VoIP Packet Size
	44 Bytes (including CRC)

	Channel Model
	EPA/ETU

	Antenna configuration
	1Tx, 2Rx

	CP type
	Normal CP

	Channel Estimation Algorithm
	Frequency domain: ideal channel
Time domain: linear interpolation

	Coding/Modulation
	Turbo/QPSK

	HARQ Transmissions
	Chase Combining

	Transmission Bandwidth
	2 PRBs


Appendix B: Parameters assumption for hopping position example
Under certain parameters, give the hopping location, for PUCCH-1, PUSCH-like, and PUCCH new method:
Parameters related to different hopping methods:
Table 4: Parameters for frequency position computation
	Hopping methods
	Parameter value

	PUCCH-1
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