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1 Introduction
For starting symbols of EPDCCH, the following is agreed in RAN1#70b.
· 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)

This contribution discusses the following aspects of EPDCCH.

· Behaviour for TM10 including staring symbol and rate matching of EPDCCH for C-RNTI
· SPS PDSCH in subframes where the UE monitors EPDCCH
2 Discussion
2.1 Behaviour in TM10
The starting symbol of PDSCH in TM10 is signaled by DCI format 2D. The higher layer provides up to 4 sets per CC of PDSCH RE mapping and quasi-co-location parameters to be indicated by DCI format 2D. Following is the agreed table in [1] RRC Parameters for Downlink CoMP.

Table1. Set of PDSCH RE mapping and quasi-co-location parameters 
indicated by each code point in DCI format 2D.
	nCRS
	Number of CRS ports.

Integer value of either 1, 2, 4, and a reserved value that has no Rel-11 UE behavior attached to it.

Default value in case RAN2 decides to specify: the number of CRS ports of the serving cell

	vshift
	Position in the frequency domain for CRS.

Integer value in the range of [0,5].

Default value in case RAN2 decides to specify: position in the frequency domain for the CRS of the serving cell

	MBSFN subframe configuration
	MBSFN subframe configuration
Default value in case RAN2 decides to specify: the MBSFN configuration of the serving cell

	PDSCH-Start-Sym
	PDSCH starting symbol.
One value in the set {0 or reserved value (FFS),1,2,3,4 (4 is applicable only for system BW of <=10PRBs), value indicated by PCFICH of serving cell in case of non-cross-carrier scheduling or higher-layer configured value in case of cross-carrier scheduling}.
Default value in case RAN2 decides to specify: 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

	zeroTxPowerCSI-RS
	A ZP CSI-RS configuration assumed by the UE for PDSCH rate matching and RE mapping, which is determined by a zeroTxPowerResourceConfigList and a zeroTxPowerSubframeConfig.

Default value in case RAN2 decides to specify: 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

	QuasiCoLocation-Index
	One non-zero power CSI-RS resource index for indication of quasi-colocation assumption on DMRS.

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


For EPDCCH, the same dynamic signalling mechanism cannot be applied because the EPDCCH starting symbol is required to be known before EPDCCH reception without increasing blind decoding attempts. In this case, EPDCCH starting symbol is required to be signal separately from that for PDSCH. This could be provided by the PCFICH, or by semi-static configuration. In case of EPDCCH Behaviour B1, where each EPDCCH set DMRS ports may be assumed as quasi co-located with a configurable CSI-RS resource, serving cell's PCFICH is not sufficient. Mandating the reception of other serving cell's PCFICH is not feasible especially DPS type operation. In case of JT, it is required to obtain multiple cell's PCFICH. Therefore, only feasible option with reasonable complexity especially in case of EPDCCH behaviour B1 is semi-static configuration of EPDCCH starting symbol rather than serving cell’s PCFICH. In case of EPDCCH behaviour A, to receive PCFICH is reasonable. Such choice of semi-static value or PCFICH are available in the set used for PDSCH by DCI format 2D described as above table 1. Therefore, we propose to use the entry "PDSCH-Start-Sym" in table 1 as EPDCCH starting symbol. 
As quasi-co-location behaviour is configured per EPDCCH set, it is reasonable to configure EPDCCH starting symbol separately for each EPDCCH set.
In EPDCCH behaviour B1, in addition to PDSCH starting position, the knowledge of EPDCCH RE mapping is also necessary. In order to align the agreement of quasi-co-location behaviour, EPDCCH RE mapping can be different from the value of serving cell. 

We think 1 set signalled for PDSCH RE mapping and quasi-co-location parameters can be used for EPDCCH RE mapping. For PDSCH, one of the set signaled in DCI format 2D corresponds to a set of higher layer list of parameters described in table 1. For EPDCCH, one of the set per EPDCCH set is signaled in RRC signaling semi-statically. When these set are used for EPDCCH, PDSCH starting symbol in higher layer parameter should be interpreted as EPDCCH RE mapping including starting symbol of EPDCCH. CRS ports and ZP CSI-RS are used for EPDCCH rate matching. NZP CSI-RS resource index corresponds to quasi-co-location discussion. The merit of such scheme is no need to have additional combination/case for EPDCCH in addition to PDSCH. We think one of the set used for PDSCH would be sufficient for EPDCCH.
As the method to indicate which set for PDSCH is corresponding to the set for an EPDCCH set, natural and simple scheme is to provide RRC signalling. This is illustrated in figure 1. On the other hand, if RRC signalling is not desirable, alternative method is available and described in annex. As it has several demerits, we don't recommend the method without RRC.

If RRC signalling provide the set for EPDCCH RE mapping from the sets for PDSCH, quasi-co-location signalling separately agreed only for quasi-co-location are not necessary as the set includes NZP CSI-RS for quasi-co-location purpose.
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RRC configuration of  4  sets used for PDSCH in TM10

 (and also used for EPDCCH)
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RRC indication to select  1 

out of the 4  RRC  set ID

EPDCCH RE mapping

RRC-Set ID Set-0 Set-1 set-2 set-3

CRS ports

(number of antenna subcarrier position)

MBSFN subframe config

PDSCH Starting symbol

ZP CSI-RS

QuasiCoLocation-Index

(One NZP CSI-RS)


Figure 1 illustration of the operation of 

EPDCCH DCI format 2D RE mapping by RRC configuration.
Above has been the discussion for DCI format 2D. Our understanding is PDSCH triggered by DCI format 1A on PDCCH is CRS based demodulation in non-MBSFN subframe and DMRS port 7 in MBSFN subframe in TM10. Although PDSCH triggered by DCI format 1A on EPDCCH is CRS based demodulation, EPDCCH is demodulated only based on DMRS. For EPDCCH decoding, we just propose not to distinguish DCI format 2D and DCI format 0/1A for the indication of the set. One of big motivations for PDSCH triggered by DCI format 1A is CRS based demodulation is reliability/fallback reason. Reliability/fallback operation is realized by DCI format 1A located in PDCCH common search space or DCI format 1A located in PDCCH UE specific search space in PDCCH only reception subframe. The DCI format 1A over PDCCH behaviour is not changed.
Proposal 1: In TM10, per-CC and per EPDCCH set, higher layer signalling indicates which set to be used for EPDCCH starting symbol and rate-matching. The set is selected among 4 sets that are configured for a PDSCH transmission scheduled by DCI format 2D.
Proposal 2: This EPDCCH starting symbol and rate-matching state is used for the transmission of DCI format 0/1A/2D over EPDCCH.
2.2 SPS PDSCH in subframes where the UE monitors EPDCCH
At first, it needs the discussion whether SPS is supported when EPDCCH is used, although TS36.213 already captures the support of SPS based PDSCH. If SPS is supported, the SPS cycle and EPDCCH monitoring subframe might be not aligned. Therefore, UE monitor DCI format with SPS C-RNTI on PDCCH or EPDCCH depending on the configuration of monitoring EPDCCH subframes.
Proposal 3: It should have the discussion whether to support SPS based PDSCH in case of EPDCCH.

Starting symbol of EPDCCH in case of EPDCCH with SPS C-RNTI (SPS activation/deactivation/retransmission)
The behaviour of the starting symbol of EPDCCH with SPS C-RNTI should be same as starting symbol of EPDCCH with C-RNTI in order not to have separate blind trial only for SPS C-RNTI. 
Proposal 4: If SPS with EPDCCH is supported, starting OFDM symbol is same between EPDCCH with C-RNTI and SPS C-RNTI.
Starting symbol of PDSCH in case no EPDCCH with SPS C-RNTI
For TM1-9 operation, in EPDCCH monitoring subframe, the starting symbol of PDSCH is aligned with starting symbol of EPDCCH. In UE specific search space PDCCH monitoring subframe, the behaviour is same as Rel.10 PDCCH behaviour. This means to follow PCFICH.. 

For TM10, it is not concluded what behaviour for SPS C-RNTI for PDCCH is supported. Therefore, before the discussion of EPDCCH, PDCCH operation needs the conclusion at CoMP session. Our initial thinking is one set configured for PDSCH indicated by DCI format 2D can be semi-statically indicated by higher layer. 
Proposal 5: If SPS with EPDCCH is supported in TM1-9, in EPDCCH monitoring subframes, the starting symbol of SPS PDSCH without DCI is same as EPDCCH. In other subframes, no change from Rel.10 SPS PDCCH behaviour.

Proposal 6: In TM10, the behaviour for starting OFDM symbol of SPS PDSCH with PDCCH needs to be concluded before EPDCCH discussion.
3 Summary
Proposal 1: In TM10, per-CC and per EPDCCH set, higher layer signalling indicates which set to be used for EPDCCH starting symbol and rate-matching. The set is selected among 4 sets that are configured for a PDSCH transmission scheduled by DCI format 2D.
Proposal 2: This EPDCCH starting symbol and rate-matching state is used for the transmission of DCI format 0/1A/2D over EPDCCH.
Proposal 3: It should have the discussion whether to support SPS based PDSCH in case of EPDCCH.

Proposal 4: If SPS with EPDCCH is supported, starting OFDM symbol is same between EPDCCH with C-RNTI and SPS C-RNTI.

Proposal 5: If SPS with EPDCCH is supported in TM1-9, in EPDCCH monitoring subframes, the starting symbol of SPS PDSCH without DCI is same as EPDCCH. In other subframes, no change from Rel.10 SPS PDCCH behaviour.
Proposal 6: In TM10, the behaviour for starting OFDM symbol of SPS PDSCH with PDCCH needs to be concluded before EPDCCH discussion.
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Annex Alternative method without RRC signalling
For the quasi-co-location configuration for EPDCCH DMRS, RAN1 agreed one NZP CSI-RS resource index is indicated for per EPDCCH set. This NZP CSI-RS resource index can be used to indicate which sets are used. The quasi-co-location configuration is used as the key to find which sets are used. If quasi-co-location configuration is NZP CSI-RS port index 2, the set which has NZP CSI-RS resource index 2 is used for EPDCCH set. Then CRS ports, EPDCCH starting symbol and ZP CSI-RS information for EPDCCH can be obtained without any additional RRC signalling. The example is illustrated as Figure 2. On the other hand, problem of such scheme is when multiple sets has same NZP CSI-RS resource index configuration, the sets cannot be decided without ambiguity. In addition, the scheme itself is complicated. 
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EPDCCH Set  0:  

EPDCCH DMRS ports within the EPDCCH set 0 may be assumed as quasi co-located 

with the NZP CSI-RS resource (QuasiCoLocation -CSI-RS-Index) =  2

EPDCCH Set  1 :  

EPDCCH DMRS ports within the EPDCCH set 2 may be assumed as quasi co-located 

with the NZP CSI-RS resource (QuasiCoLocation -CSI-RS-Index) =  1
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Figure 2 illustration of the operation without RRC configuration.

Quasi-colocation configuration is used as the key to link the set.
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