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1 Introduction

The WI “LTE Coverage Enhancements” was approved in RAN#60 in [1]. One of the objectives is to specify the required changes to improve coverage of medium data rate PUSCH and fulfil the following objectives, taking into account the study documented in TR 36.824. 
· Specify necessary TTI bundling enhancements to improve coverage for medium data rate PUSCH, potentially including at least the following aspect:
· Allocating more than 3 PRBs per subframe in conjunction with TTI bundling
· Determine whether TTI bundling should be extended to more TDD UL-DL configurations
· Specify the necessary L2 protocols to support the identified coverage enhancements
· Specify applicable UE and eNB core requirements

In this contribution, we discuss the detailed schemes of TTI bundling enhancements for medium data rate PUSCH and the corresponding standard impacts are analyzed. A companion contribution focusing on TTI bundling extended to more TDD UL-DL configurations can be found in [2].
2 Discussion
In TR 36.824 [3], coverage enhancements evaluation related to medium data rate PUSCH was based on more than 3PRBs in conjunction with TTI bundling. The results show that a coverage gain in the order of 1 dB can be expected. Comparing with the current TTI bundling mechanism, relaxation of the constraint on the maximum number of PRBs in a TTI bundle can provide additional benefits due to increased frequency diversity and lower code rate,
Observation1: With more than 3PRBs in conjunction with TTI bundling, higher data rate services can potentially benefit from reduced control signalling overhead, increased frequency diversity and lower code rate,
If the resource allocation up to 3PRBs is relaxed in TTI bundling scheme, the scheduler should simultaneously support legacy UEs and advanced UEs. To the legacy UEs, it is defined in the specification [4] as follows:
· If the parameter ttiBundling provided by higher layers is set to TRUE, then the resource allocation size is restricted to 
[image: image1.wmf]3

PRB

£

N

 and the modulation order is set to 
[image: image2.wmf]2

=

m

Q

.
So the legacy UEs would treat the TTI bundling with more than 3PRBs as an error case. To avoid that, the eNB needs to distinguish between legacy UEs and advanced UEs. 
There are several methods to allow more than 3 PRBs per subframe in conjunction with TTI bundling. In the following the standardization impacts and network impacts of these methods are analyzed. 
Method 1: Removing the restriction of 3 PRBs
The simplest way is just to remove the restriction of 3PRBs. This would lead to the lowest impact to the standard and only RAN1 specification needs to be changed. Since there is not any restriction to the size of resource allocation, the eNB has full flexibility for scheduling. 
Observation 2: Removing the restriction of 3PRB has the lowest RAN1 standard impact and largest flexibility for eNB scheduling.
Method 2: Defining new restriction of more than 3 PRBs
In this method, the restriction of 3PRB can be modified to a new bigger size. E.g. to the advanced UEs, the resource allocation size is restricted to 
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.The impact of this method to the standard is similar as that of method 1. However, RAN1 needs to decide the value suitable for the new restriction. Some evaluation work and more consideration are needed.
Observation 3: Defining new resource size restriction also has low RAN1 standard impact. Meanwhile more work is needed in RAN1 to find the suitable value.  
Method 3: The restriction of maximum number of PRB is configured by higher layer
Configuring the maximum number of PRBs to a certain UE can also be considered. Different UEs may have different capabilities, e.g. different buffer sizes. The eNB can choose the suitable resource size for TTI bundling according to UE’s capability. This would make it more efficient and flexible for the eNB scheduling compared with method 2. 
The UE can report its supported maximum number of PRB to the eNB via RRC signalling. Note that to support method 3, some RRC signalling may be introduced, thus L2 specification is impacted correspondingly.    
Observation 4: Configurable PRB restriction is more efficient and flexible for the eNB scheduling compared with method 2. The impact to L2 specification needs to be considered.
For TDD, in the current specification TTI bundling with 3 PRB restriction is applied to UL/DL configuration 0/1/6. In addition to configuration 0/1/6 we also need to determine whether TTI bundling should be extended to more TDD UL-DL configurations [2]. Therefore allocation of more than 3 PRB in conjunction with TTI bundling for medium data rate should be supported for TDD. A common scheme should be considered for both FDD and TDD.
Proposal 1: Allocation of more than 3 PRBs in conjunction with TTI bundling for medium data rate should also be supported for TDD. A common scheme should be considered for both FDD and TDD.
Based on the above analysis, we suggest RAN1 to consider the detailed scheme of allocation of more than 3 PRBs in conjunction with TTI bundling. Among these methods discussed above, we slightly prefer method 1 if there is no major UE complexity issue. 
Proposal 2: Removing the restriction of 3PRB is slightly preferred if there is no major UE complexity issue. 

3 Conclusions
In this contribution, we discuss the detailed schemes of TTI bundling enhancements for medium data rate PUSCH. Beased on the above analysis, we have the following proposal: 
Proposal 1: Allocation of more than 3 PRBs in conjunction with TTI bundling for medium data rate should be supported for TDD. A common scheme should be considered for both FDD and TDD.
Proposal 2: Removing the restriction of 3PRB is slightly preferred if there is no major UE complexity issue.  
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