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Introduction
In this paper we discuss the starting symbol configuration for EPDCCH. 
In RAN1#70bis, the following conclusion and agreements have been reached regarding the starting symbol configuration for EPDCCH:

Conclusion: 

Rel-10 principle is maintained, that it is not possible to schedule PDSCH to a given UE on a given Cell from more than one Cell in a given subframe. 

Hence, if cross-carrier scheduling is configured for a given UE on a given SCell, it is not possible also to use EPDCCH on the cross-scheduled SCell to schedule PDSCH to the same UE on the same SCell in the same subframe.

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)

And related TM10 PDSCH agreements include:

· RRC signaling:

· Configure up to 4 sets per CC of PDSCH RE mapping and quasi-co-location parameters to be indicated by DCI format 2D.

· Each set that can be signaled in DCI format 2D for the newly introduced DL transmission mode 10 in Rel-11 corresponds to a higher-layer list of parameters:

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

· One configuration of ZP CSI-RS

· 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}

· One NZP CSI-RS resource index

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

In this contribution, we address the remaining issues of starting symbol configuration along with QCL and RM issues for EPDCCH for the UEs configured with TM10. 
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Discussions
With respect to QCL for EPDCCH, if the UE is configured in TM10, higher layer signalling, QuasiCoLocation-CSI-RS-Index, can be transmitted to indicate the quasi-colocation assumption for EPDCCH DMRS.
· QuasiCoLocation-CSI-RS-Index is configured per EPDCCH set.
· When the signalling is provided, EPDCCH DMRS ports shall not be assumed as quasi co-located with any RS port, with the following exception: all EPDCCH DMRS ports within the EPDCCH set may be assumed as quasi co-located w.r.t. {Delay spread, Doppler spread, Doppler shift, Average delay} with the CSI-RS resource indicated by QuasiCoLocation-CSI-RS-Index. Note that QuasiCoLocation-CSI-RS-Index corresponds to a non-zero power CSI-RS resource from the CoMP measurement set.
· If this signalling is not provided, all EPDCCH DMRS ports may be assumed as quasi co-located w.r.t. {Delay spread, Doppler spread, Doppler shift, Average delay} with CRS for the serving cell.
Proposal 1: 
The total number of combined rate matching and QCL states across the PDSCH and PDCCH should not exceed four.  
One simple solution of EPDCCH starting symbol and QCL is to tie them with those defined for PDSCH:
· Up to 4 sets of starting symbol, rate-matching and QCL states may be configured for PDSCH
· Up to 2 sets starting symbol, rate-matching and QCL states can be defined for EPDCCH, one per each EPDCCH resource set
· A predefined rule or RRC configuration may specify the linkage between EPDCCH and PDSCH
· E.g., the 1st EPDCCH resource set always assumes the 1st set configured for PDSCH; and the 2nd EPDCCH resource set always assumes the 2nd set configured for PDSCH for starting symbol, rate-matching and QCL operation for EPDCCH
Proposal 2: 

Starting symbol of EPDCCH, rate matching, as well as QCL can be a subset of those configured for the PDSCH. 
Next we address the issue of the EPDCCH aggregation level determination and rate match. Since the aggregation levels and/or rate matching operation depends on whether the entire or a subset of UE-specifically configured CSI-RS sets (zero-power CSI-RS, non-zero-power CSI-RS, CSI-RS for interference measurement, etc.), the question is how should the aggregation level and rate-matching operation be defined w.r.t. CSI-RS?
For CSI-RS, one simple solution is that UE always rate-match around all CSI-RS configured for the UE, i.e.  
· No EPDCCH resource set dependency, and no selective CSI-RS rate matching
· This is a simple solution although it may not be optimum. 

One alternative is to make the aggregation level determination and rate matching set-dependent:
· In this case, the number of available REs in a PRB pair can be different for different set, such that when they are compared with Xthresh, two sets can end up with different aggregation levels. This will lead to yet another complication when we design the blind decode for EPDCCH. Therefore, it is preferred to use a common CSI-RS configuration for both EPDCCH set. 
· Note that the common CSI-RS configuration is not necessarily to be all CSI-RS configured for the UE. Instead, the common CSI-RS configuration can be a subset of them, e.g., the CSI-RS indices configured for rate matching for both EPDCCH resource sets.

· On the other hand, the rate matching can be set dependent, which minimizes overhead. 

Our preference for the case of PDSCH is to rate match around all configured NZP CSI-RS resources while allowing for set dependent ZP CSI-RS rate matching definitions. It would be beneficial to apply the same definitions for the EPDCCH.   

Of course, there are other design options for to make aggregation level and rate matching either set dependent or independent, but our preference is to keep a common set for aggregation level determination, while having the flexibility of set dependent rate matching. Similarly, the same principle can be applied to CRS. 
Proposal 3: 

Resource and aggregation level determination should be independent from the EPDCCH sets, e.g. based on a common configuration of CSI-RS and CRS. Rate matching could be set dependent while keeping commonality with the PDSCH set definitions. 
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Conclusion

In this contribution, we discussed remaining issues related to EPDCCH starting symbol, rate matching and QCL for TM10. We conclude with the two proposals:
Proposal 1: 
The total number of combined rate matching and QCL states across the PDSCH and PDCCH should not exceed four. 
Proposal 2: 

Starting symbol of EPDCCH, rate matching, as well as QCL can be a subset of those configured for the PDSCH.
Proposal 3: 

Resource and aggregation level determination should be independent from the EPDCCH sets, e.g. based on a common configuration of CSI-RS and CRS. Rate matching could be set dependent while keeping commonality with the PDSCH set definitions. 
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