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1
Introduction

In this contribution we discuss some aspects of DL control channel enhancements in Rel-11.    
2
Discussion

There is a diverse set of reasons for PDCCH enhancements, such as 

· Insufficient control capacity for CoMP Scenario 4

· Control link performance improvement for the coverage enhancement studies
· Control channel solution for extension carriers

Some of the use cases are not convincing to us, for example, instead of CoMP Scenario 4, we can use CoMP Scenario 3 to alleviate the control limitation. Also, the robustness of control coverage enhancements is questionable when relying on beamforming gains.  Nevertheless, we will assume here that an enhanced control channel (E-PDCCH) is adopted and discuss some aspects of the design that we feel would be important. 
2.1
Control channel enhancement techniques
Some of the PDCCH enhancement techniques are the following

· Using new control region

· Link efficiency gain with beamforming

· Higher order modulation to conserve resources

· MU-MIMO multiplexing
We will consider the implication of some of these techniques in the following discussion.  

2.2
Control channel design principles
2.2.1
Scope of changes

It is not likely that a single control channel design will be optimum for the diverse set of use cases.  However, as a general design principle, we would like to limit the scope of changes by targeting a unified design that gives satisfactory, although possibly not optimum, performance for each adopted use case. 

Proposal 1:   
Aim to develop a unified design that gives satisfactory performance for each use case.

2.2.2

Relationship with Rel-10 R-PDCCH

For similar reasons as for limiting the scope of changes, it seems beneficial to keep as many elements from the Rel-10 R-PDCCH as possible and applicable.  Clearly the R-PDCCH design may not be optimum for all use cases. As an example, the R-PDCCH was designed with assuming reasonably good backhaul link quality, which assumption may not carry over to the UE access link case. However, we believe that the design baseline should be R-PDCCH and new elements should be introduced only if there are strong demonstrable benefits.  

Proposal 2:   

Use the Rel-10 R-PDCCH as baseline design and introduce new design elements only if there sufficiently motivated. 

2.2.3
Addressing processing time limitations

Very likely, the E-PDCCH design would involve placing control information in the current data region. This is shown with an example in Figure 1 below:
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Figure 1  Example E-PDCCH RE arrangement

Placing control information in the current data region means that in order to meet the current HARQ turn around time of 4ms, the processing and demodulation time in the UE would have to be reduced.  

A similar limitation was recognized already in the earlier relay work but it was assumed that a relay node would be less constrained in size and complexity compared to a UE. 

It would be highly desirable if the demodulation back-end HW (turbo decoder) could be reused in Rel-11. A similar approach had been adopted earlier by enabling Rel-8/9 demod HW to be used in Rel-10 by retaining Category 3 and 4 UE parameters for CA and higher order MIMO, for example.
Proposal 3:   

Aim to develop a design that doesn’t require replacing the UE turbo decoder HW by requiring it to decode the same maximum number of SCH bits in a shorter time. Adopt this principle at least for UE Categories that existed in Rel-10.

One way of achieving the goal of Proposal 3 would be to place a certain limit on the maximum number of PDSCH information bits the UE is required to decode in a subframe when the PDSCH is scheduled with E-PDCCH. This in itself would introduce a peak data rate limitation; however, by retaining the Rel-10 PDCCH, this limitation can be removed as we discuss in Section 2.3. 

2.2.4

Relationship with Rel-10 PDCCH
Due to the requirement of supporting legacy UEs, at least in many of the use cases with the possible exception of extension carriers, the Rel-10 PDCCH should also be supported.   
Obviously, legacy UEs would be scheduled in the Rel-10 PDCCH region, which could occupy fewer symbols whenever some control traffic is off-loaded to the E-PDCCH. 
A natural question is to ask whether a UE should monitor both the PDCCH and E-PDCCH. We think it would be useful to enable the UE to monitor both control types; however, in order not to increase the control decoding complexity, the total number of blind decodes should not be increased. 

Proposal 4:   

Retain the Rel-10 PDCCH.  Divide the number of blind decodes the UE has to perform between the PDCCH and E-PDCCH so that the total of number of blind decodes is the same as in Rel-10. 

2.2.5

Common search space
Due to the requirement of supporting legacy UEs, the common search space should be included at least in the Rel-10 PDCCH region. 

Also, we should consider that the common search space messages are typically used to convey control information in a broadcast fashion, therefore enhanced techniques such as UE-specific RS, beamforming, higher order modulation, MU-MIMO are not applicable.  With this consideration, it seems beneficial to convey all common search space messages in the Rel-10 PDCCH.  
Proposal 5:   

Keep the common search space in the Rel-10 PDCCH region.

2.3
Control channel design example

An example that is compatible with the above mentioned design principles is the following. 

· The UE monitors the common search space in the Rel-10 PDCCH region

· The UE monitors a subset of the UE-specific search space hypothesis in the Rel-10 PDCCH region

· The UE monitors a subset of the UE-specific search space hypothesis in the Rel-11 E-PDCCH region

· The maximum allowed TBS that can be included in the Rel-11 E-PDCCH is less than the Category maximum for Rel-10 UE categories in order to accommodate a tighter processing time requirement. 
Note that it should be expected that there is an inverse relationship between the granted TBS size and the number of UEs that can receive such grant in a single subframe in a serving cell.  Therefore it is not expected to have a large number of large grants in the same subframe.  Then the peak data rate limitation by introducing a TBS cap for the E-PDCCH grants can be alleviated by sending such grants in the Rel-10 PDCCH region. 
Also, when granting large TBS sizes, the recipient UEs SNR is expected to be high, therefore their grant consumes few CCEs.  

In addition, when the recipient UEs SNR is high then the beamforming gain is not essential, therefore sending the grant in the Rel-10 PDCCH region introduces no obvious loss.  
3
Conclusions

We discussed some considerations for the Rel-11 control channel enhancements and made the following suggestions:

 Proposal 1:   

Aim to develop a unified design that gives satisfactory performance for each use case.
Proposal 2:   

Use the Rel-10 R-PDCCH as baseline design and introduce new design elements only if sufficiently motivated. 
Proposal 3:   

Aim to develop a design that doesn’t require replacing the UE turbo decoder HW by requiring it to decode the same number of maximum SCH bits in a shorter time. Adopt this principle at least for UE Categories that existed in Rel-10.
Proposal 4:   

Retain the Rel-10 PDCCH.  Divide the number of blind decodes the UE has to perform between the PDCCH and E-PDCCH so that the total of number of blind decodes is the same as in Rel-10. 

Proposal 5:   

Keep the common search space in the Rel-10 PDCCH region.

We gave the following example that is compatible with the above mentioned design principles:  

· The UE monitors the common search space in the Rel-10 PDCCH region

· The UE monitors a subset of the UE-specific search space hypothesis in the Rel-10 PDCCH region

· The UE monitors a subset of the UE-specific search space hypothesis in the Rel-11 E-PDCCH region

· The maximum allowed TBS that can be included in the Rel-11 E-PDCCH is less than the Category maximum for Rel-10 UE categories in order to accommodate a tighter processing time requirement. 
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