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1 Introduction

LTE uplink scheduling has been intensively debated for couples of meetings. And now the optimization of dynamic scheduling has been decided, which is semi-persistent scheduling. 

Frequency hopping method also has been debated in RAN 1 for long time since RAN 1 46bis. With the help of frequency diversity and interference diversity frequency hopping can improve the link performance and system throughput [1-7].

2 Frequency hopping

2.1 Intra TTI FH and Inter TTI FH

Figure 1 illustrates intra TTI and inter TTI frequency hopping. Intra TTI FH is based on slot time, and inter TTI FH is based on TTIs length. As the coding element is one whole TTI, so the intra TTI FH can bring frequency diversity in most scenarios except very high speed moving situations [8]. Moreover the inter TTI can bring interference diversity at multi-cell layout to improve the system throughput.


[image: image1.emf]I

n

t

r

a

 

T

T

I

 

F

H

I

n

t

e

r

 

T

T

I

 

F

H

I

n

t

r

a

 

T

T

I  

F

H

I

nt

e

r

 

T

TI

 

F

H

I

n

t

r

a

 

T

T

I

 

F

H

Time

Frequency

0.5ms slot

1ms subframe


Figure 1 Intra TTI and Inter TTI hopping

2.2 Multiple Continuous RU Allocation 

The normal frequency hopping pattern may cause multiple RUs users using the discontinuous sub-carriers and increase the PAPR/CM in uplink [9] [10].

To keep the single carrier character with frequency hoping, a hierarchical solution referred to as group containers hopping is introduced.
All the group containers are of the same size. Users with different sizes of RUs will try to fill up those group containers with their RUs and perform frequency hopping. The group containers’ hopping is then conducted in the same manner as the normal frequency hopping with uniform size of RUs. T When the location of group container is confirmed, the frequency location of user in the group container can be determined by the relative offset in the group container.

Figure 2 illustrates a simple example of this group containers hopping method.
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Figure 2 example of this group container’s hopping

User 1, 2, 3 have various sizes of RUs. User 3 fills up its RUs in a single group container, and users 1, 2 fill up their RUs in another group container. Frequency hopping is performed by using group container as the base unit.

3 Uplink semi-persistent schedule and FH

The way forward for UL scheduling is semi-persistent schedule [11]. If the UE can’t find its C-RNTI on the L1/L2 control channel(s), UE can use predefined uplink resources by E-UTRAN for the first HARQ transmissions

At the beginning of a talk spurt, the UE is allocated a semi-persistent time/frequency resource, and later, UE can request more UL resource for continuous transmission if necessary. The release command can be used to release the persistent resource to other users.

During the whole talk spurt, frequency hopping can be used to obtain the frequency diversity and interference diversity advantages.  The frequency hopping pattern is pre-arranged by E-Node B. When UE requests more resource, it may continue to use the same frequency hopping pattern or a new pattern re-assigned by E-Node B. When no data transmission is detected or  release command is received, the E-Node B will assume the user pause frequency hopping.

The frequency hopping schedule is compatible with the original semi-persistent scheduling. So the combination between frequency hopping and semi-persistent scheduling is possible. And the combination doesn’t increase signalling and other overhead.
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Figure 3 combinations between frequency hopping and semi-persistent scheduling

The HARQ retransmission can keep the frequency hopping pattern or use scheduling resource described in [12] to prevent resource fragmentation. 

4 Frequency hopping performance evaluation

4.1 System simulation assumption

Table 1 lists the major parameters in the frequency hopping system-level simulation. 

Table 1 – Simulation parameters

	Cellular layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Reuse
	1

	Inter-site distance
	500m Case 1, 1732 Case 3

	Minimum distance between UE and cell site
	35m

	Maximum UE transmission power
	24dBm

	UE antenna gain
	0dBi

	Distance dependent path loss
	128.1+37.6log10(r),  r: kilometres

	Shadowing standard deviation
	8dB

	Correlation distance of shadowing
	50m

	Shadowing correlation
	0.5(inter-site)/1.0(intra-site)

	Channel model
	6-ray Typical Urban

	UE speed
	3km/h

	eNode-B receiver antennas Number, pattern(antenna gain)
	2, 70-degree sectored beam(14dBi)

	eNode-B noise figure
	5dB

	Bandwidth
	26 PRB, 180kHz/per PRB

	Sub-frame length
	1 ms

	Traffic model
	Full Buffer

	frequency hopping pattern
	Latin square [8][9][10]

	Frequency hopping interval 
	2

	MCSs
	QPSK, 1/2 

	Users/sector
	15 totally, 11 two RB users & 4 one RB user

	ACK/NAK errors
	4%

	HARQ Combining scheme
	Chase combining

	HARQ process Number
	3


4.2 System simulation result

We analyse the full overload frequency hopping system performance, from ISD 500 & ISD 1732 result table, There is obvious gain from inter TTI FH or intra TTI FH than no FH, specially for the cell edge user efficiency.

Part I：ISD 500

	
	Inter TTI FH
	Intra TTI FH
	No FH

	Cell average throughput [Mbps]/

spectrum efficiency [b/s/Hz/Sec]
	2.6581/0.51118
	2.6848/0.51631
	2.6278/0.50534

	User average throughput[Mbps]/

spectrum efficiency [b/s/Hz/Sec]
	0.1772/0.0341
	0.1790/0.0344
	0.1752/0.0337

	Cell edge user efficiency [b/s/Hz/Sec]
	0.0144
	0.0165
	0.1154e-4

	HARQ transmission success rate
	84.795%

13.3997%

1.223%
	84.62%

13.29%

1.16%
	89.05%

7.66%

1.6%


Part II：ISD 1732

	
	Inter TTI FH
	Intra TTI FH
	No FH

	Cell average throughput [Mbps]/

spectrum efficiency [b/s/Hz/Sec]
	2.1793/0.4191
	2.404/0.4623
	2.0124/0.3870

	User average throughput[Mbps]/

spectrum efficiency [b/s/Hz/Sec]
	0.1453/0.0279
	0.1603/0.0308
	0.1342/0.0258

	Cell edge user efficiency [b/s/Hz/Sec]
	0.008
	0.008
	0.0001

	HARQ transmission success rate
	74.356%

16.768%

3.347%


	78.463%

16.75%

2.293%


	74.424%

12.02%

3.59%


5 Conclusion

We review the link and system performance of uplink frequency hopping, and the relation between the frequency hopping and semi-persistent scheduling. Moreover provide the combination method between frequency hopping and semi-persistent scheduling, which that combination can’t increase the signalling and overhead, and can bring the more frequency diversity and interference diversity gain especially for cell edge users.
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