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1 Introduction

After some fruitful discussions at the RAN1#70 meeting [1] and the subsequent email discussion [2], substantial progress has been achieved on the details of EPDCCH design. However, there are still some open issues to be resolved. One of these issues is the configuration of the EPDCCH starting symbol, which should be addressed with high priority as it affects RRC signalling design.
In this contribution, we provide our considerations on this open issue and share the recommended resolutions.
2 Discussion
2.1 Starting symbol for EPDCCH
The starting OFDM symbol should be clearly defined for EPDCCH in order to avoid conflict with the PDCCH. Since Rel-8, the number of PDCCH symbols is conveyed by the PCFICH in each subframe, which allows flexible PDCCH resource allocation adapted to the actual traffic load. With the information of the number of PDCCH symbols, the starting symbol of PDSCH is also determined. Generally speaking, such a design concept may also be reused for determining the starting OFDM symbol for EPDCCH.
On the other hand, it is worth noting that one of the main motivations of introducing EPDCCH is to enable frequency domain inter-cell interference coordination (ICIC) for control channels in non-CA HetNet deployment. If the starting symbol of EPDCCH depends on the decoding of PCFICH, it suffers from the error propagation of the latter. More specifically, the decoding errors on PCFICH will inevitably result in EPDCCH decoding failure, especially because coding chain rate-matching needs to be applied for EPDCCH. Such issues on EPDCCH decoding may become significant in the HetNet scenario enabling medium or large CRE bias, due to the severe inter-cell interference (ICI). Consequently, in this scenario the gain from frequency domain ICIC is no longer fully attainable.
In order to fulfill the design objective of EPDCCH on control channel ICIC in HetNet deployment, it is proposed to configure the starting symbol for EPDCCH by higher layer signaling. This is similar to the case of semi-statically configured starting symbol for PDSCH with cross carrier scheduling.
Proposal 1: The starting OFDM symbol of EPDCCH should be configurable by higher layer signaling (e.g. RRC signaling). When this parameter is not configured, the starting OFDM symbol for EPDCCH is derived from the PCFICH on the same cell.
2.2 Starting symbols in different subframes
According to the working assumption in [1], the subframes where UE shall monitor the EPDCCH search space are also configured by higher layer signaling. One question is whether the configured starting symbol of EPDCCH should be the same across all the configured subframes or be subframe-specific.
The main motivation of introducing the subframe-specific starting symbol for EPDCCH is to support the MBSFN subframes. The number of OFDM symbols used for PDCCH in normal subframes can be up to three or four depending on the bandwidth, while only up to two symbols for PDCCH in MBSFN subframes. Consequently, configuring the starting symbol to three may lead to inefficient resource usage in MBSFN subframes, while the provision of two symbols may result in control channel capacity restriction in normal subframes. Therefore, defining at least two semi-static configurations of starting symbols, each referring to one of the two subframe types, seems to be a working solution.
However, the cell specific RRC parameter non-MBSFNregionLength has already been supported for indicating the control channel region for MBSFN subframes since Rel-9 [3]. By reading this broadcast information, the UE is capable of recognizing the MBSFN subframes. This implies that appropriate configuration of the starting symbol can still be applied by the UE, even when it is configured with only a single starting symbol option for EPDCCH in all subframe types. Hence, additional signalling to indicate subframe specific starting symbols is unnecessary. Therefore, we suggest that,
Proposal 2: Subframe-specific starting symbol for EPDCCH is not necessary. Only one starting symbol can be configured via higher layer signaling for monitoring EPDCCH across all the configured subframes.
2.3 Starting symbol for PDSCH
Once the EPDCCH starting symbol is configured for the UE, the Control Format Indicator (CFI) value in PCFICH is overridden. It is however unclear whether this is also applied to the PDSCH on the same carrier. Note that if the EPDCCH scheduled PDSCH is on a different carrier, the existing RRC parameter can already be provided to configure the starting symbol for PDSCH on that carrier.

As mentioned in Section 2.1, the typical use case of higher layer configured EPDCCH starting symbols is the HetNet scenario. In this case, it is then reasonable to apply the same starting symbol for PDSCH too, overriding the starting symbol configuration indicated by PCFICH. Otherwise, the PDSCH may suffer from the similar error propagation issue mentioned above, which cannot be recovered by HARQ.
The next question is, whether such semi-statically configured starting symbol needs to be applied to PDSCH in the subframes that are not configured for UE to monitor the EPDCCH. Although it seems to be beneficial from the perspective of PDSCH ICIC, unfortunately, it may not help to resist the ICI for PDCCH, which makes such an option less attractive in the subframes configured for monitoring the PDCCH UE specific search space.
Based on the above analysis, we suggest that:
Proposal 3: If the starting symbol of EPDCCH is configured by higher layer, the UE should assume the same starting symbol also applied for the EPDCCH scheduled PDSCH on the same carrier.
3 Conclusion

In this contribution, we provide our views on the detailed design on configuration for EPDCCH starting symbol. Based on the discussions, we propose that:
Proposal 1: The starting OFDM symbol of EPDCCH should be configurable by higher layer signaling (e.g. RRC signaling). When this parameter is not configured, the starting OFDM symbol for EPDCCH is derived from the PCFICH on the same cell.
Proposal 2: Subframe-specific starting symbol for EPDCCH is not necessary. Only one starting symbol can be configured via higher layer signaling for monitoring EPDCCH across all the configured subframes.
Proposal 3: If the starting symbol of EPDCCH is configured by higher layer, the UE should assume the same starting symbol also applied for the EPDCCH scheduled PDSCH on the same carrier.
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