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1. Introduction

At WG1 meeting #67 the following proposed agreements were made: 

Proposed agreement for further discussion overnight: 

· PRB-pair-level multiplexing between PDSCHs and ePDCCHs within a subframe uses FDM

· A PRB pair may contain parts of different ePDCCHs to different UEs

· Working assumption that there is no multiplexing of PDSCH and ePDCCH within a PRB pair; if there is any multiplexing of PDSCH and ePDCCH within a PRB pair it would be by FDM

· How to multiplex ePDCCHs within a PRB pair is FFS

Revisit at RAN1#68. 
In this contribution we revisit this discussion and give our proposals for agreement.
2. Comparing FDM and hybrid FDM/TDM

Using PRB-pair multiplexing between PDSCH and ePDCCH by FDM as compared to a hybrid FDM/TDM multiplexing was discussed during RAN1#67. Figure 1 shows an example of the FDM and hybrid FDM/TDM approaches where in the hybrid case only the PRB in the 1st  slot is used for the ePDCCH transmission. In the 2nd slot a PDSCH can be scheduled for Rel.11 terminals with some constraints on the maximum number of layers. 
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Figure 1 Multiplexing between PDSCH and ePDCCH using FDM (left) and hybrid FDM/TDM (right) with resources reserved having the same control capacity (assuming that no PDCCH is present). 
The benefits of FDM multiplexing over the hybrid FDM/TDM multiplexing are several:

· With FDM, at a given control channel capacity, fewer PRB pairs are affected since both slots are utilized

· The 2nd slot is free from PDCCH transmission and thus has higher capacity than the 1st slot 

· Legacy terminal throughput is less affected, as they cannot be scheduled using a constrained PDSCH

· The ability to do frequency domain ICIC of the control channel is larger

· In the hybrid mode, the transmission of a PDSCH in the 2nd slot has some constraints and requires further studies

· The number of PDSCH layers is restricted as the DMRS is also used for the ePDCCH within the same PRB pair. Note that the rank of all PRB pairs the PDSCH is mapped to will be limited by this constrained PDSCH since rank cannot be different in different parts of the PDSCH transmission 
· Signaling to support scheduling only in the 2nd slot needs to be designed

· Use of antenna ports needs to be considered if power boost of control channels is desired

· The channel estimation performance is better with FDM

· The DRMS from both slots can be utilized leading to more robust ePDCCH detection and thus the average CCE aggregation level can in some cases be selected smaller. This leads to a higher control channel capacity or improved control channel efficiency. 

There is a 0.5-1.0 dB link loss due to worse channel estimation performance [2] when only the first slot is used, which is unacceptable as the control channel needs robust reception. It is noted that if the DMRS of both slots are utilized also for the hybrid case, then the ePDCCH decoding finishing time is the same for the FDM and hybrid TDM/FDM approaches. 

The reduction in available PDSCH decoding time was analyzed in [1] and it equals the time it takes to decode the ePDCCH, which is a marginal reduction and increase in complexity if one considers all other enhancements with impact on UE complexity that has been introduced since the beginning of Rel.8. Also the additional PDSCH buffering required is not considered important in a Rel.11 UE timeframe. To conclude, the simplicity and minimal legacy impact is more important and we thus have the following proposal:

Proposal 1: PRB-pair-level multiplexing between PDSCHs and ePDCCHs within a subframe uses FDM

3. Configuration of enhanced CCH resources 

The configuration of the control channel resources in which the search spaces are determined should be UE specific. This enables ePDCCH interference coordination between cells and between transmission points within a cell corresponding to scenario 3 and 4 in the CoMP WI and for CA based HetNet. 

For relay nodes, R-PDCCH resources can be configured in three different ways: resource allocation type 0, 1 or 2 can be used to configure RBs for R-PDCCH transmission. However, the different resource allocation types have been designed to minimize signaling load on the PDCCH and at the same time maximizing flexibility of PDSCH resource allocation. As a consequence, the three different types represent a trade-off between those two aspects. The resource allocation using type 0, 1 or 2 is rather restricted and if used for the ePDCCH it leads to the fact that the resource allocation cannot be setup in an optimal way. 

For the ePDCCH, greater configuration flexibility is desirable and the configuration of ePDCCH resources is not expected to change frequently, see also the overhead analysis in [3]. Hence, it is sufficient to configure them by RRC and a single way to configure the ePDCCH resources eases specification, implementation and testing. For instance, a simple bitmap could be used to indicate which ePDCCH resources are configured for each UE. 


Proposal 2: ePDCCH resources are configured in a UE specific manner using RRC in a fully flexible way not tied to R-PDCCH resource allocation types
The starting symbol of the ePDCCH should be flexible in the range between symbol #0 and #4, since this provides means to balance the control channel utilization between PDCCH and ePDCCH depending on the use case. The starting symbol should be UE specific signaled using RRC.  Using starting symbol #0 (i.e. on a carrier without a PDCCH) is useful for connection to low power nodes in HetNet scenarios where all UEs can receive the control channel without macro interference. 

It is important that the starting symbol is not based on the PCFICH as it might indicate the wrong value e.g. in a HetNet cell range expansion zone. The PCFICH may also be interfered by an ePDCCH transmission in the case the starting symbol is #0. Having start symbol #0 is also useful for additional carrier types which rely solely on the ePDCCH for control signaling. Finally, PCFICH detection requires CRS which may not be present in the new carrier type.  
Proposal 3: The OFDM start symbol position is configured in a UE specific manner by RRC in the range between symbol #0 and #4. 
4. Conclusion

Based on the discussion in this paper, we summarize by the following proposals for decision:
Proposal 1: PRB-pair-level multiplexing between PDSCHs and ePDCCHs within a subframe uses FDM
Proposal 2: ePDCCH resources are configured in a UE specific manner using RRC in a fully flexible way not tied to R-PDCCH resource allocation types
Proposal 3: The OFDM start symbol position is configured in a UE specific manner by RRC in the range between symbol #0 and #4.
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