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1 Introduction

At the RAN WG1 #70bis meeting, the EPDCCH starting symbol for TMs 1~9 was discussed and agreed:
Agreement:

· If the UE is not configured in TM10: 

· Per-cell higher layer signalling can be transmitted to indicate the OFDM starting symbol for any EPDCCH on that cell, and PDSCH on that cell scheduled by EPDCCH 

· if this signalling is not provided, the starting OFDM symbol of EPDCCH and PDSCH scheduled by EPDCCH is derived from PCFICH

· A single value of OFDM starting symbol is applicable to both EPDCCH sets (if 2 are configured)

· Up to RAN2 to determine the details of the higher layer signalling 

· FFS whether there may be some subframes in which this higher layer signalling is not applicable, e.g. for RACH/paging

From the agreements, no decision was made for TM10, and one “FFS” remains for TM1~9. In this contribution, we discuss these two points.  
2 EPDCCH monitoring for TM10
2.1 Background on TM10

In an email discussion following RAN1#70b, it was agreed to support DPS for EPDCCH in TM10. It however remains to be determined how to support DPS for EPDCCH. Note that the resource mapping aspects on DPS support for EPDCCH are treated in [1]. However, for clarity, we discuss here the main design decisions. 
The EPDCCH may consist of at most two different sets of {2, 4, 8} PRB pairs. Given that each set can have a different set of parameters, it implies that DPS can be used for EPDCCH transmission, with each set assigned to a different TP. This implies that at most two TPs can be selected for one UE’s EPDCCH transmission. 
With PDSCH, the UE knows which TP transmits by a bit field in DCI format 2D. Since the EPDCCH is not allocated with a DCI, the indication of which TP is transmitting needs to be implicit. It is however easy to achieve such an implicit allocation: given that each set can have different parameters and can be associated with a different TP, the UE may simply assume that within a set, the EPDCCH is transmitted from the TP associated with this set. 
· EPDCCH for a UE can be sent from at most two different TPs
· The TP from which the EPDCCH is received is implicitly derived from the set from which the EPDCCH is transmitted
2.2 EPDCCH OFDM starting symbol for TM10

As part of RE mapping information, the messaging needs to indicate the EPDCCH OFDM starting symbol. There are several points to consider:

1. Whether the EPDCCH OFDM starting symbol is the same as the OFDM starting symbol of PDSCH scheduled by the EPDCCH
2. Whether the EPDCCH can start on OFDM symbol 0 or not
3. Whether the indication of EPDCCH OFDM starting symbol can be dynamic
Having the EPDCCH OFDM starting symbol be the same as the PDSCH OFDM starting symbol may have some advantages in terms of complexity. With four possible configurations for the PDSCH and potentially two for the EPDCCH, i.e., one for each EPDCCH set, there can be eight configurations that the UE has to assess. However, having different PDSCH and EPDCCH starting OFDM symbol enables cross-point scheduling: for instance, a UE may receive an EPDCCH from the macro cell. If the macro-cell transmits the PDCCH as well, it means that the EPDCCH must start on OFDM symbol 1 or later. However, if the EPDCCH is transmitted from a pico-cell, the PDSCH transmission may start on OFDM symbol 0, resulting in substantial throughput gains. In addition, it is agreed that, for the indication of PDSCH OFDM starting symbol, there would be several values configured by higher layer signaling and one field in the DCI will dynamically select one of the configured values. When the EPDCCH OFDM starting symbol is semi-statically configured by higher layer signaling as for TM1-9, it would not be possible to always have the same OFDM starting symbol for the EPDCCH and its scheduled PDSCH. Consequently, we propose to have the EPDCCH starting symbol different than the PDSCH starting symbol. 
· The EPDCCH OFDM starting symbol might be different than the PDSCH OFDM starting symbol for TM 10
In other cases however, when cross-point scheduling is not used, and the UE receives both the PDSCH and EPDCCH from a pico-cell only serving Rel-11 UEs, it is advantageous to start both the PDSCH and EPDCCH on symbol #0. Consequently, we propose the following:

· Both EPDCCH and PDSCH can start from OFDM symbol #0

The EPDCCH OFDM starting symbol can be configured by higher layer signaling in TM10. If the higher layer signaling to indicate the EPDCCH OFDM starting symbol is not provided, the EPDCCH OFDM starting symbol can be derived from PCFICH. In case DPS is applied for EPDCCH transmission, the transmission points performing DPS may belong to different cells, and UE needs to detect the PCFICH from different cells. In this case, the information such as (the physical cell ID of the TP transmitting EPDCCH) should also be configured for each set to enable the dynamic signaling of EPDCCH OFDM starting symbol.
· For UE in TM10, if the higher layer signaling to indicate the EPDCCH OFDM starting symbol is not provided, the EPDCCH OFDM starting symbol can be derived from the serving cell PCFICH. 
3 Behavior on RACH/paging subframes
For all TMs, there is still an FFS whether the higher layer signaling on the EPDCCH OFDM starting symbol is applicable on a subframe where the UE is to receive paging indication and RACH responses. In the subframes to receive paging indication or RACH responses, UE needs to monitor PDCCH CSS to detect the PDCCH with CRC scrambled by P-RNTI or RA-RNTI. This is not a special case because UE needs to monitor PDCCH CSS in every subframe. Hence, once the higher signaling on the EPDCCH OFDM starting symbol is configured, it should be applicable for all the EPDCCH monitoring subframes.  

· Higher layer signaling on the EPDCCH OFDM starting symbol is applicable on the subframes where UE is to receive paging indication and RACH responses. 
4 Conclusion
From the analysis, we provide the following observations and proposals.
· EPDCCH for one UE can be sent from at most two different TPs
· The TP from which the EPDCCH is received is implicitly derived from the set from which the EPDCCH is transmitted
· The EPDCCH OFDM starting symbol might be different than the starting OFDM symbol of PDSCH scheduled by the EPDCCH for TM 10
· Both EPDCCH and PDSCH can start from OFDM symbol #0
· For UE in TM10, if the higher layer signaling to indicate the EPDCCH OFDM starting symbol is not provided, the EPDCCH OFDM starting symbol can be derived from the serving cell PCFICH.
· Higher layer signaling on the EPDCCH OFDM starting symbol is applicable on the subframes where UE is to receive paging indication and RACH responses. 
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