3GPP TSG RAN WG1 Meeting #68
                                 R1-120256
Dresden, Germany, 6th – 10th February 2012
Agenda Item:        7.6.3
Source:            NEC Group

Title:
Search space design for E-PDCCH 
Document for:   Discussion/Decision
1 Introduction

RAN1 had been discussing enhanced control channel design aspects under DL MIMO enhancements study item in the last couple of meetings. In last RAN plenary, work item was approved to specify enhanced PDCCH (E-PDCCH) in Rel-11 [1]. In last RAN1 meeting, several contributions discussed DCI multiplexing aspects [2-7]. However, this topic was not discussed in the meeting. In this contribution, we present our view on search space design for E-PDCCH. 
2 Discussion

2.2 Search space design for E-PDCCH
The legacy PDCCH design is based on control channel elements, aggregation levels and search space. Further, some control information such as system information, random access response and paging are broadcast type, and are transmitted in the common search space (CSS). Some other information such as downlink scheduling assignments and uplink scheduling grants are unicast type, and are transmitted in the UE specific search space (USS). The legacy PDCCH design is well proven technique to have flexible and efficient transmission of control information, and should be the base line for the E-PDCCH as well. 
We think legacy PDCCH search space concept should be extended to E-PDCCH as well. It is clear from E-PDCCH design objective that UE specific information such as downlink scheduling assignments and uplink scheduling grants are to be transmitted on E-PDCCH. Thus, UE specific search space concept would be used in the E-PDCCH design. 

On the other hand, it is debatable whether broadcast information such as system information and paging are to be transmitted on E-PDCCH. That means whether E-PDCCH design should support common search space or not. There are pros and cons in supporting common search space. 

· Pros on CSS support in E-PDCCH:

· Support new and future deployment scenarios and operations (future proof, may be beyond Rel-11) such as:
· Standalone E-PDCCH operation

· Support standalone operation of new carrier type

· Well suited with transmit diversity or distributed transmission

· Performance benefits using E-PDCCH particularly in HetNet deployment scenarios
· Potential for coverage extension due to better than legacy PDCCH performance 
· Cons on CSS support in E-PDCCH:

· System overhead/resources wastage

· UE implementation complexity

According to the working assumption [8], E-PDCCH should be able to coexist on the same carrier as legacy UEs. Therefore, we think legacy PDCCH is always available for transmitting broadcast information, and thus there are no clear requirements to support CSS on E-PDCCH. Further, E-PDCCH design objectives in [8] are clearly satisfied by supporting only UE specific search space in E-PDCCH. In fact, supporting common search space in E-PDCCH, which is redundant in case of broadcast information transmitted on PDCCH, will reduce its own capacity for transmission of UE specific control information.   
Proposal 1: UE specific information is only transmitted on E-PDCCH, and there are no significant benefits in transmitting broadcast control information on E-PDCCH. That means common search space is not required for E-PDCCH.

2.3 E-PDCCH resources allocations and configurations

PDCCH is always available to Rel-11 UE according to the working assumption [8]. Thus, PDCCH could be used to indicate E-PDCCH resources implicitly or explicitly to the Rel-11 UE. On the other hand, the use of PDCCH implicitly or explicitly for E-PDCCH resources allocations and configurations will reduce PDCCH capacity. Although E-PDCCH is designed to increase control channel capacity, the capacity impact on legacy PDCCH due to E-PDCCH should be considered carefully. The following two approaches could be considered for notifications of E-PDCCH resources allocation and its configuration.
· Option 1: Dynamic signalling through PDCCH   

· Option 2: Semi-static higher layer (RRC) signalling 

Option 1: Dynamic signalling through PDCCH
In this approach, E-PDCCH resources allocation and its configuration are signalled through PDCCH transmitted on the common search space. This requires new DCI format design, and it could be designed once RAN1 identifies the details of E-PDCCH design such as transmission and modulation schemes for E-PDCCH. Nevertheless, we think the following information could be included in the new DCI format. 
· PRB allocations

· E-PDCCH modulation scheme if higher order modulation is supported. 
· E-PDCCH Transmission schemes or mode if more than one is supported. 
This new DCI shall be used to configure and/or allocate resources to group of UEs operating on E-PDCCH. To avoid false alarm for non-Rel-11 UEs, the new DCI could be scrambled by newly created RNTI (say “E-RNTI”), which is made available to Rel’11 UE using E-PDCCH. This dynamic signalling approach is illustrated in Figure 1.
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Figure 1: Dynamic signalling through PDCCH for E-PDCCH configuration
This dynamic signalling approach has following pros and cons. 

· Pros:

· Fast link adaptation and better scheduling flexibility

· Less signalling overhead by group scheduling

· Better for exploiting MU-MIMO gain

· Better for performance optimization

· Cons:

· Impacts on legacy PDCCH capacity due to the need to support new DCI formats for pointing E-PDCCH resources allocations and configurations.
· However, this may not be significant issue since this new DCI will belongs to common search space.     

· Might increased latency for E-PDDCH decoding due to two stage signalling. 

· However, this may not be significant since E-PDCCH decoding cannot be started till it is received.   
· E-PDCCH cannot operate independent of PDCCH.
· However, there is no clear requirement for independent E-PDCCH operation.    

· UE implementation complexity

Option 2: Semi-static higher layer (RRC) signalling
In this approach, E-PDCCH resources allocation and its configuration are signalled through higher layer RRC signalling. That means it implicitly assumes availability of PDCCH for transmission of such information on PDSCH. This semi-static signalling approach has following pros and cons. 

· Pros:

· Less impact on UE implementation complexity

· No impact on E-PDDCH decoding latency

· E-PDCCH could operate independent of PDCCH

· Cons:

· Slow link adaptation

· Impacts on legacy PDCCH capacity due to RRC signalling, which is transmitted through PDSCH. This requires one PDCCH per UE for transmitting PDSCH carrying RRC signalling

Considering the pros and cons of above two options, we think that dynamic signalling approach (option-1) is more suitable to achieve E-PDCCH design goals in [1]. Although dynamic signalling (option-1) might have increased UE implementation complexity compared to semi-static signalling (option-2), option-2 is not preferable from performance point of view. 

Proposal 2: We suggest to consider dynamic signalling through legacy PDCCH for E-PDCCH configuration and resources allocations.

2.4 Access procedure for E-PDCCH reception
E-PDCCH design aims to support CoMP, eICIC, CA and additional carrier type deployment scenarios. Therefore, we think the following E-PDCCH reception scenarios should be supported by the E-PDCCH design.

1. E-PDCCH reception in single carrier scenario.
2. E-PDCCH reception in CA scenario with full cross carrier scheduling.

· In this case E-PDCCH is located in PCell, and E-PDCCH reception is similar to single carrier scenario. 

· Cross carrier scheduling mechanism using E-PDCCH is used for DL scheduling assignments on SCell. 
3. E-PDCCH reception in CA scenario with semi cross carrier scheduling.

· In this case E-PDCCH is located in SCell, and E-PDCCH reception in SCell is by cross carrier scheduling mechanism using PDCCH in PCell. 

· E-PDCCH in SCell is used for DL scheduling assignments on SCell. 

4. E-PDCCH reception in mix of intra and cross carrier scheduling (full and/or semi) 

· This is mix of above three scenarios.

Basic components of access procedure for E-PDCCH reception categories are shown in flow chart in Figure 2. 
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Figure 2: Access procedure for E-PDCCH reception
It should be noted that Rel-11 UE expected to operate with and without E-PDCCH. Higher layer signalling could be used to configure whether UE supports E-PDCCH reception or not. If E-PDCCH is configured to Rel-11 UE, it could use following options for reception of UE specific information:
· Option-1: UE shall use UE specific search space from both PDCCH and E-PDCCH.
· Option-2: UE shall use UE specific search space from E-PDCCH only.
We think Option-2 provides more flexibility for scheduling and performance improvements. Further, Option-2 simplifies UE implementation. Option-1 is bit complicated due to sharing and/or splitting UE specific search space between PDCCH and E-PDCCH. If UE specific search space is split between PDCCH and E-PDCCH, then it requires higher layer signalling. Further, number of blind decoding attempts should be kept comparable to that of Rel-10. 
Proposal 3: UE shall monitor E-PDCCH only for UE specific information on UE specific search space if UE is configured with E-PDCCH. E-PDCCH configured UE shall monitor PDCCH common search space for broadcast control information.

3 Conclusion

We presented our views on E-PDCCH search space design in this contribution, and we propose the following for further discussion and consideration in RAN1: 
Proposal 1: UE specific information is only transmitted on E-PDCCH, and there are no significant benefits in transmitting broadcast control information on E-PDCCH. That means common search space is not required for E-PDCCH.
Proposal 2: We suggest to consider dynamic signalling through legacy PDCCH for E-PDCCH configuration and resources allocations.
Proposal 3: UE shall monitor E-PDCCH only for UE specific information on UE specific search space if UE is configured with E-PDCCH. E-PDCCH configured UE shall monitor PDCCH common search space for broadcast control information.
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