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1 Introduction

At the RAN1#70bis meeting, the starting symbol configuration for EPDCCH was discussed and the following agreements have been reached for UE not configured with TM10, while some remaining open issues [1]:
· 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 until Thursday for case of SPS PDSCH in subframes where the UE monitors EPDCCH

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

· Questions: 

1. In subframes when UE does not monitor EPDCCH on an SCell, is it permitted to configure cross-carrier scheduling from PDCCH from another Cell?
2. Do we need to support CIF in DCI carried on EPDCCH?
3. Behaviour in TM10
During the email discussion, the quasi co-location (QCL) assumption for EPDCCH has been agreed in addition as follows [2]:

· Alt-1 (behaviours A and B1) are supported for EPDCCH. 

· In TM 1-9, behaviour A is supported

· In TM 10, it is RRC-configurable between behaviours A and B1

In this contribution, we provide our considerations on the remaining open issues related to the EPDCCH starting symbol configuration.
2 Discussion

2.1 Remaining aspects for UE not configured in TM10
The higher layer signaling can be provided to UE, indicating the OFDM starting symbol for both the EPDCCH and the PDSCH scheduled by EPDCCH on the same cell. The motivation is to get rid of the risk of PCFICH decoding failure in the HetNet scenario [3]. One remaining issue is whether this higher layer configured starting symbol applies also to the SPS transmission [4].

At the RAN1#70 meeting, it was agreed that in subframes not configured for monitoring EPDCCH, UE monitors PDCCH according to Rel-10 behaviour [5]. It seems straightforward that in these subframes, the starting symbol of SPS PDSCH transmission should follow PCFICH according to the agreement. We do not see a need to revisit the agreement in [5] for this corner case.

In the subframes configured for monitoring EPDCCH, the starting symbol of SPS PDSCH transmission should follow the one used for EPDCCH. The reason is that, if the starting symbol is provided by higher layer signaling, some decoding problem of PCFICH may exist on the cell [3]. Consequently, in this scenario relying on the PCFICH for deriving the starting symbol of the SPS PDSCH is risky. Instead, the starting symbol of the EPDCCH should be used.
Proposal 1: The starting symbol of SPS PDSCH follows that of the EPDCCH in the subframes configured for monitoring EPDCCH, and that the Rel-10 behavior in the subframes configured for not monitoring EPDCCH.
2.2 Support of DPS for EPDCCH
The gain of enabling CoMP operation for EPDCCH has been discussed [6]. Such gain has been justified for data transmission, and is also favorable for EPDCCH for the sake of robust control channel transmission. The support of dynamic point selection (DPS) for EPDCCH has been discussed on the design of DMRS and QCL for EPDCCH. It has been agreed that the per set EPDCCH DMRS scrambling sequence, as well as per set RS QCL, are supported for EPDCCH [2]. As a result, a UE in TM10 can be configured with two EPDCCH sets, while each of them can be associated with a surrounding transmission point (TP). The associated EPDCCH of the UEs at cell edge can be dynamically transmitted from any of the surrounding TPs by using the DPS transmission, subject to the quality of their radio propagation channels. It means that, DPS is readily exploitable for EPDCCH, at least in the CoMP Scenario 4.
Since the transmission of EPDCCH to a UE may be from different TPs, the RE mapping of the EPDCCH should be dynamically adapted to comply with the intended RE mapping of the transmitting TP. Therefore, rate matching information of EPDCCH corresponding to each TP should be conveyed to the UE for ensuring proper RE mapping. As each EPDCCH set may be associated with one TP, the corresponding rate matching information, including at least the number of CRS ports, CRS frequency shift, configuration for MBSFN subframes, ZP and NZP CSI-RS configurations, and EPDCCH starting symbol, should be configurable per EPDCCH set according to the transmitting TP.
Proposal 2: The corresponding rate matching information, e.g. at least the number of CRS ports, CRS frequency shift, configuration for MBSFN subframes, ZP and NZP CSI-RS configurations, and EPDCCH starting symbol, should be configurable by higher layer signaling per EPDCCH set according to each TP for DPS.
However, it is worth noting that the EPDCCH starting symbol was agreed to be the same for both sets if UE is not configured with TM10. Allowing a per-set EPDCCH starting symbol for TM10 only means that this configuration is a TM-specific parameter. It is the current working assumption that all the DCI formats should be supported for EPDCCH, which implies that EPDCCH should be independent from TM. Specific signaling design should be considered to avoid excessive EPDCCH reconfiguration upon TM reconfiguration.

Proposal 3: The signaling design for per-set EPDCCH configuration should avoid excessive EPDCCH reconfiguration upon TM reconfiguration.
The signaling design for PDSCH RE mapping has been discussed at the RAN1#70bis meeting, and it has been agreed that four sets of PDSCH RE mapping and QCL parameters are configured to the UE, with each set corresponds to the following parameters [1]:

· One number of CRS ports {1, 2, 4, and a reserved value that has no Rel-11 UE behaviour attached to it}, one CRS frequency shift, and one MBSFN subframe configuration 

· By default: the CRS and MBSFN configuration of the serving cell

· One configuration of ZP CSI-RS

· By default: the ZP CSI-RS configuration which the UE assumes for PDSCH rate matching and RE mapping when scheduled with the fallback DCI format 1A in TM10

· PDSCH starting symbol: one value N = {0 or reserved value (FFS),1,2,3,4 (only for system BW of <=10PRBs),PCFICH of serving cell in case of non-cross-scheduling or higher-layer configured value in case of cross-carrier scheduling}

· In MBSFN subframe (according to the DCI-indicated MBSFN subframe configuration): min(2,N). Otherwise: N.

· By default: the starting position of PDSCH indicated by PCFICH of the serving cell in case of non-cross-scheduling or higher-layer configured value in case of cross-carrier scheduling

· FFS whether some handling is needed for an indicated starting symbol earlier than the end of the PDCCH in the serving cell

· One NZP CSI-RS resource index

· QCL is assumed between DMRS and the CSI-RS resource

· Discuss in RAN2 whether or not a default value should be specified

The abovementioned list also covers the necessary information for EPDCCH. In the case that the PDSCH scheduled by EPDCCH on the same carrier is configured with four sets for RE mapping, it is straightforward to link the EPDCCH set to one of the states of PDSCH RE mapping on the same carrier instead of providing a full set of information in EPDCCH configuration, which saves some signaling overhead. Such linkage may seem to be restrictive, because if the UE is reconfigured to TM other than TM10, the DPS operation for EPDCCH is disabled too. However, such a constraint is reasonable, because if DPS is no longer suitable for data transmission for UE, it is likely that it is not appropriate for control channel transmission either. Moreover, such a design aligns with Proposal 3, since the RE mapping information is bound with the specific TM configuration. The reconfiguration of TM10 does not necessarily require the reconfiguration of EPDCCH. Therefore, linking to one of the state of PDSCH is preferable.
Proposal 4: The RE mapping and QCL configuration of EPDCCH set is linked to one of the four state configurations of PDSCH on the same carrier, for the UE configured in TM10.
2.3 Cross carrier scheduling for EPDCCH
The support of cross carrier scheduling for EPDCCH has been discussed in the previous meeting. The cross carrier scheduling is introduced for PDCCH since Rel-10 in order to enable control channel ICIC, especially for HetNet scenario, by rearranging the control channels to a different carrier. As the frequency domain ICIC is already well supported by EPDCCH, a natural question would be that whether the cross carrier scheduling is necessary for EPDCCH.

In our view, there are still other scenarios where the cross carrier scheduling is beneficial. For instance, the EPDCCH may not be available in some of the DL subframes on one carrier due to some reasons, e.g. PMCH transmission, RACH/paging, or some of the TDD special subframe configurations. However, it is still possible that the EPDCCH is available on another carrier in the given subframes. Thus, it is desirable to support the cross carrier scheduling for EPDCCH, so that the network has more scheduling flexibility. Another example is that, by employing cross carrier scheduling, it is possible for the network to deploy EPDCCH only on one carrier to schedule multiple carriers. By this way, the total overhead in the system can be reduced, which is favorable especially for small bandwidth carriers. Therefore, we suggest that:
Proposal 5: The cross carrier scheduling should be supported for EPDCCH.
Nonetheless, it is worth noting that, there may be some subframes the EPDCCH is not available on one carrier. In order to schedule the UE in these subframes, there are basically two options, namely either from PDCCH on the same carrier, or by cross carrier scheduling from another carrier. As discussed in [3], it is possible that the PDCCH on the same carrier may not be robust enough, for instance, due to severe interference from the neighboring aggressor cell. Therefore, it is beneficial to permit cross carrier scheduling in the subframes, where the UE is not configured to monitor EPDCCH.

Proposal 6: In the subframes where the UE is not configured to monitor EPDCCH on the SCell, cross scheduling from another cell should be supported.
3 Conclusion

In this contribution, we provide our views on the open issues related to the EPDCCH starting symbol configuration. Based on above discussions, we propose that:
Proposal 1: The starting symbol of SPS PDSCH follows that of the EPDCCH in the subframes configured for monitoring EPDCCH, and that the Rel-10 behavior in the subframes configured for not monitoring EPDCCH.
Proposal 2: The corresponding rate matching information, e.g. at least the number of CRS ports, CRS frequency shift, configuration for MBSFN subframes, ZP and NZP CSI-RS configurations, and EPDCCH starting symbol, should be configurable by higher layer signaling per EPDCCH set according to each TP for DPS.
Proposal 3: The signaling design for per-set EPDCCH configuration should avoid excessive EPDCCH reconfiguration upon TM reconfiguration.
Proposal 4: The RE mapping and QCL configuration of EPDCCH set is linked to one of the four state configurations of PDSCH on the same carrier, for the UE configured in TM10.
Proposal 5: The cross carrier scheduling should be supported for EPDCCH.
Proposal 6: In the subframes where the UE is not configured to monitor EPDCCH on the SCell, cross scheduling from another cell should be supported.
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