
3GPP TSG RAN WG1 #67
        

              R1-114241
San Francisco, USA, November 14 – 18, 2011
Agenda item:
7.7.2
Source: 
Samsung 

Title: 



    Resource multiplexing of E-PDCCH
Document for:
Discussion and Decision
1 Introduction

In RAN1#66bis, the following characteristics were identified as working assumptions for control channel enhancements: 

· Introduce an enhanced physical downlink control channel that is:

· 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.

This contribution discusses the enhanced control channel (E-CCH) multiplexing with PDSCH aspects regarding the above working assumptions.
2 E-PDCCH Region Configuration
Release-10 R-PDCCH Structure
For Rel-10 R-PDCCH transmissions, the system configures a set of VRBs via RRC signaling. The configured VRBs can be either for non-interleaved mode or for interleaved mode transmission. The VRB configuration for the interleaved mode is common for a set of relay nodes which share the same VRB region.DL-grants are always transmitted in the 1st slot while UL-grants are transmitted in the 2nd slot. For the non-interleaved mode, the 2nd slot can be used for PDSCH transmission if no R-PDCCH is transmitted therein. 

Enhanced Control Channel Structures

As discussed in [1], the E-CCH region can be configured either in non-interleaved mode or in interleaved mode. For the non-interleaved mode, the transmission of an E-CCH consists of a set of localized REs in the configured VRB region; for interleaved mode, the REs are distributed over the configured VRB region.

For E-CCH reception, a UE should first be aware of the E-CCH region. The options for configuring the E-CCH region are the usual ones; either by L1 signaling as for the legacy CCHs or by RRC signaling as for the R-PDCCHs. 
Different from the RNs and the same as for legacy CCHs the number of scheduled UEs and their control payloads may dynamically vary from subframe to subframe. Since the interleaved mode E-CCH region cannot be shared with PDSCH or non-interleaved mode E-CCH after VRB configuration, it is more desirable that the VRB configuration for interleaved mode E-CCH is dynamic. Moreover, as multiple UEs are multiplexed in the same interleaved mode E-CCH, a common configuration will also help in saving configuration overhead. A L1 signaling, referred to as E-PCFICH, can be used to indicate the dynamic VRB configuration for interleaved mode E-CCH. A UE will detect the E-PCFICH before decoding E-CCHs for the interleaved mode. 
For non-interleaved mode E-CCH, UEs are scheduled with localized resource in the configured VRBs and the network may configure different VRBs for different UEs for better frequency domain ICIC and/or scheduling flexibility. Moreover, unused RBs in the configured E-CCH VRBs can be scheduled for PDSCH or other E-CCH transmission without additional control overhead. Therefore,  a UE-specific RRC configuration is more appropriate for the VRB configuration for non-interleaved mode E-CCH.
Proposal 1:  The E-CCH region for interleaved E-CCH transmissions is dynamically configured. The E-CCH regions for non-interleaved E-CCH transmissions is configured by UE-specific  RRC signaling.

The multiplexing options as shown in Fig.1 for E-CCHs are: 
· Pure FDM mode

· One E-CCH spans both slots in a subframe.
· 1st-slot FDM mode
· One E-CCH spans only the 1st slot in a subframe

· FDM/TDM

· One E-CCH spans the 1st slot, and/or the 2nd slot
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Fig. 1 Multiplexing modes of E-PDCCH
The tradeoffs of the above three multiplexing options have been extensively discussed. Pure FDM allows simplicity for PDSCH and E-CCH scheduling and avoids resource fragmentation but incurs larger delay and buffering requirements for E-CCH and subsequent PDSCH decoding. 1st-slot FDM incurs smaller delay as E-CCH decoding can start from the 2nd slot but it also requires more complicated scheduling and receiver processing compared to pure FDM. Moreover, the resource fragmentation issue will still exist as full utilization of every PRB resource, e.g., when only an UL grant is transmitted to a UE, cannot be guaranteed. The FDM/TDM approach incurs both decoding delay and resource fragmentation. As the processing capability of UEs continues to improve, the decoding delay and buffer requirements continue to be less important in the overall system/UE development and a simple design is the more important consideration. Therefore, pure FDM is preferred for E-CCH transmissions.
Proposal 2: FDM is used for E-CCH transmissions.
Since E-CCH transmissions for PDSCH/PUSCH scheduling to UEs are more dynamic comparing to the respective R-PDCCH ones to RNs, it is not resource efficient to limit DL- and UL- grants in the 1st and 2nd slot respectively. A DCI format can be transmitted through respective E-CCHs either in  the 1st slot or in the 2nd slot regardless of its type.  The slot boundary should also be removed so that the two slots are unified for the generation of a search space. This also allows consistency with FDM of E-CCH transmissions. 

Proposal 3: An E-CCH transmission can be over both slots of a subframe.

Multiplexing Among E-PDCCHs
Similar to a legacy PDCCH, an enhanced CCE (E-CCE) can be defined as the unit for E-PDCCH transmissions. An E-PDCCH may consist of 1/2/4/8 E-CCEs. For the interleaved mode, an E-CCE consists of REs spreading in the RBs in the configured region for better frequency/interference diversity gain. For the non-interleaved mode, an E-CCE consists of REs localized in one RB for better channel selection and beamforming gain.

The size of an E-CCE shall be determined to tradeoff between performance and overhead. A PRB pair will have number of REs typically much more than that of a legacy CCE (36 REs). It is proposed to multiplex multiple E-PDCCHs in one PRB pair for better resource efficiency. Examples of multiplexing two or four E-CCEs in a RB are illustrated in Fig.2, where multiple subcarriers are aggregated to form an E-CCE. Note that an E-CCE can physically be distributed across the RB by taking distributed subcarriers. 
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Fig.2 Multiplexing 2/4 E-CCEs in a PRB
Proposal 4: Define multiple E-CCEs in a PRB pair for the non-interleaved mode.
Multiplexing Among PDSCHs and E-CCHs
For the interleaved E-CCH mode, the configured region is exclusively scheduled for E-CCH transmission and no PDSCH transmission is possible. 
For the non-interleaved mode, the VRB configuration is UE-specific and only a subset of the configured resources may actually be used for E-CCH transmissions. There are two options for the remaining resources:
· When the remaining resources are in unit of RB pairs, they can be scheduled either for E-PDCCH transmissions to other UE(s) or for PDSCH transmission.
· When the remaining resources are a partial RB pair, the resource can be used either for E-PDCCH transmissions to other UE(s) or for PDSCH transmission to the same UE.
It is also possible to schedule E-PDCCH and PDSCH (or another E-PDCCH) on the same RB with different DMRS ports similar to the MU-MIMO approaches. Especially in CoMP scenario 4, when two UEs are far apart enough, they can reuse the same RB and DMRS port resources for either E-PDCCH or PDSCH.
Proposal 5:  For the non-interleaved mode, when E-PDCCH is transmitted in a part of a RB-pair, the remaining resources in the RB-pair can be scheduled for a PDSCH transmission. E-PDCCH can also be spatially multiplexed with PDSCH or another E-PDCCH on the same RB resource.
3 Conclusions

This contribution considered the resource configuration, multiplexing between PDSCH and E-PDCCH, multiplexing among E-PDCCHs, etc. The following are proposed:
· The E-CCH region for interleaved E-CCH transmissions is dynamically configured. The E-CCH regions for non-interleaved E-CCH transmissions is configured by UE-specific  RRC signaling.

· FDM is used for E-CCH transmissions.

· An E-CCH transmission can be over both slots of a subframe.

· Define multiple E-CCEs in a PRB pair for the non-interleaved mode.

· For the non-interleaved mode, when E-PDCCH is transmitted in a part of a RB-pair, the remaining resources in the RB-pair can be scheduled for a PDSCH transmission. E-PDCCH can also be spatially multiplexed with PDSCH or another E-PDCCH on the same RB resource.
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