3GPP TSG-RAN WG1 #68
R1-120267
Dresden, Germany, 6th – 10th Feburary 2012
Agenda item:

7.6.3
Source:
HTC 
Title:
Search Space Design for E-PDCCH
Document for:

Discussion and Decision

1
Introduction

Considering the design for enhanced PDCCH (E-PDCCH), the following agreement and working assumption are made in RAN1#67 and RAN1#66bis:

Agreement from RAN1#67:

· Both localised and distributed transmission of the enhanced control channel are supported

· At least for localised transmission, and for distributed transmission where CRS is not used for demodulation of the enhanced control channel, the demodulation of the enhanced control channel is based on DMRS transmitted in the PRB(s) used for transmission of the enhanced control channel

· Antenna ports 7-10 is/are used

· The scrambling sequence used is FFS

Working assumption from RAN1#67:

· There are no cases where CRS is used for demodulation of the enhanced control channel.
Working assumption from RAN1#66bis:

· able to support increased control channel capacity

· able to support frequency-domain ICIC, 

· able to achieve improved spatial reuse of control channel resource 

· able to support beamforming and/or diversity

· able to operate on the new carrier type and in MBSFN subframes

· able to coexist on the same carrier as legacy UEs

Desirable characteristics include ability to be scheduled frequency-selectively, and ability to mitigate inter-cell interference.
In this contribution, we discuss the design of E-PDCCH search space based on the above working assumptions and agreements. Furthermore, the desirable characteristic of the ability to be scheduled frequency-selectively is discussed.
2
Discussion 
2.1 Separation of E-PDCCH search space
It is agreed that both distributed scheme and localised scheme are supported in E-PDCCH. It remains unclear how UE knows its associated E-PDCCH scheme. It is also noticed that the design philosophy of these two schemes are totally different. Distributed scheme targets on reliability and is spreaded widely among the frequency domain. It appears that it may not be nessasary for distributed scheme to achieve the desired characteristic to be scheduled frequency-selectively. On the contrary, localised scheme aims at beamforming gain and the ability to enjoy frequency-selective scheduling should be supported. The search space design of the localised scheme shall take the ability to be scheduled frequency-selectively into account. As a result, we believe these two schemes should have separate search spaces.
Consdiering the search spaces of these two schemes should be different from the above discussion, there are two approaches for UE to monitor the E-PDCCH search space. One is monitoring search spaces of both schemes simulataneously and the other is being dynamically configured which space to monitor. However, the blind decoding candidates of E-PDCCH should be limited at least as in legacy PDCCH and R-PDCCH to reduce the decoding latency [1-2]. Monitoring both search spaces for E-PDCCH may require less number of possible blind decoding candidates. The flexibilities to support frequency-domain ICIC and frequency-selective scheduling are reduced a lot. Therefore, we believe that monitoring both search spaces should be avoided. Dynamic configuration seems to be the only possible solution. Higher layer signalling or indicated by new DCI format in legacy PDCCH can be considered as possible alternatives to achieve dynamic configuration.
Proposal1: Localised E-PDCCH and distributed E-PDCCH should have separate search spaces.
Proposal2: Higher layer signalling or new DCI format in legacy PDCCH can be considered as possible alternatives to achieve dynamic configuration for the search space selection.
2.2 Search Space of Localised Scheme and Distributed Scheme
As discussed above, localised scheme and distributed scheme should have separate search space. In rel-10, the search space design of R-PDCCH also has two categories and therefore can be referenced as a starting point. We believe that the search space of R-PDCCH with cross-interleaving can be reused for distributed scheme. The UE-specific search space consists of several contiguous ECCE sets among the ECCE domain as in Fig.1. The similar REG-based interleaving can be used to speard E-PDCCH to the whole frequency domain. 
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Figure1. An example for localised search space
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Figure2. An example for uniformly-distributed search space
However, the search space of R-PDCCH without cross-interleaving cannot be directly reused for localised E-PDCCH. For the backhaul channel is considered rather static, the reserverd sets of VRB and its starting position are configured by higher layer signalling. The search space consists of several contiguous VRB and all aggregation levels have the same search space starting position. But for the E-PDCCH, the channel between UE and eNB is fast-varying among frequency domain, and the channel condition is far different between different UEs. It appears that higher layer signalling is not flexible enough to match the instantaneous channel condition. As a result, the design of R-PDCCH fails to achieve the frequency-selective scheduling gain if it is directly reused in E-PDCCH.
It is noted that the channel conditions are various among the system bandwidth. To provide ability to be scheduled frequency-selectively, we propose to have distributed search space for localised E-PDCCH as depicted in Fig.2. The sets of ECCE to be monitored by UE are no longer contiguous but are distributed widely among the ECCE domain. A simple distributing method is to have uniformally VRB spacing between each candidate as in Fig.2. The formula of the candidate ECCE sets to be monitored can be easily modified from the cross-interleaved R-PDCCH formula from 
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. As the search space is widely spreaded among the ECCE domain, it is more flexible for eNB to schedule E-PDCCH in the ECCE with good channel quality.
Proposal3: Search space of R-PDCCH with cross-interleaving can be reused for distributed E-PDCCH.
Proposal4: Distributed search space should be supported for localised E-PDCCH.
3
Conclusion
In this contribution, we discuss the search space design of E-PDCCH. Our proposals are as follows
Proposal1: Localised E-PDCCH and distributed E-PDCCH should have separate search spaces.
Proposal2: Higher layer signalling or new DCI format in legacy PDCCH can be considered as possible alternatives to achieve dynamic configuration for the search space selection.
Proposal3: Search space of R-PDCCH with cross-interleaving can be reused for distributed E-PDCCH.
Proposal4: Distributed search space should be supported for localised E-PDCCH.
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