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1 Introduction

LTE scheduling has been intensively debated for couples of meetings. And now the optimization of dynamic scheduling has two methods, one is group scheduling and the other is semi-persistent scheduling. 
Frequency hopping method also has been debated at RAN 1 for long time since RAN 1 46bis. Frequency hopping can bring the frequency diversity and interference diversity to improve the link performance and system throughput [1-7].
2 Frequency hopping and schedule
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 time. As the coding element is one whole TTI, so the intra TTI FH can bring frequency diversity at most scenarios except very high moving speed. 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


2.2 Relation between frequency and dynamic schedule 
Traditional frequency hopping is almost fixed scheme for resource allocating distinguishing with dynamic schedule on frequency. So a simple way to multiplex the frequency hopping and dynamic schedule is keeping orthogonal between frequency hopping resource and dynamic schedule resource at time domain or frequency domain. The demerit is the scheduler must allocate a fixed resource dedicated for frequency hopping.
2.3 Relation between frequency hopping and group/semi-persistent scheduling:

The dynamic schedule can schedule the most suitable resource to user to keep the service quality and optimize the system capacity, while static-resource-use or semi-static-resource-use service can’t get the benefit from pure dynamic schedule. In respect that frequency hopping can provide much gain from frequency diversity and interference diversity, frequency hopping can help to keep the service quality by preventing the frequency selecting fading. For group/semi-persistent scheduling, in the active and/or talk spurt period, semi-flexible frequency hopping can be used. 
3 Combination between schedule and FH 
3.1 Group scheduling and FH
From the basic concept and example [8] of group scheduling, users are binding together to reduce the control signalling. The 20M bandwidth cell can support 100 RB, suppose one active VoIP user occupies one RB, and one group can contain 8~16 users, so the cell can support 6~12 groups at most. To get enough frequency diversity and interference diversity, the VoIP users can be arranged into groups, the groups have same bandwidth or different bandwidth, and the groups starting position can be decided by frequency hopping pattern, moreover, the user’s frequency starting position can be confirmed by relative offset in group, so the frequency hopping of groups is running.
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3.2 Semi-persistent scheduling and FH
At the beginning of a talk spurt, the UE is allocated a semi-persistent time/frequency resource or UE send a resource request to base station to get the transmission resource, and in all talk spurt or active time, the frequency resource is not changed, except the talk spurt end or other special state. 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 get the frequency diversity and interference diversity. When user send the UL resource request, network arrange user the frequency hopping pattern, and user is coming into frequency hopping state, when base station blind detection no data transmitting or user request not transmitting or release resource, user pause frequency hopping, until user re-request resource, user continue to use the frequency hopping pattern or network re-assign the frequency pattern parameter.
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 more signalling and other overhead.
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4 Conclusion
We analyze the relation between group scheduling and semi-persistent scheduling, the relation between the frequency hopping and three kinds of scheduling. Moreover two combination method between frequency hopping and group/semi-persistent scheduling is proposed, which the combinations can’t increase the signalling and overhead, and can bring the more frequency diversity and interference diversity gain.
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