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1 Introduction

At the RAN WG1 #70bis meeting, details of the EREG grouping to ECCE were discussed and the following agreements were reached for localized and distributed transmissions.

Agreement: 

· When an eCCE is formed by 4 eREGs, eREGs are grouped eREG group #0 {eREG#0,4,8,12}, eREG group #1 {eREG#1,5,9,13}, eREG group #2{eREG#2,6,10,14}, eREG group #3 {eREG#3,7,11,15} in EPDCCH set regardless of distributed EPDCCH set or localized EPDCCH set.
· When an eCCE is formed by 8 eREGs, eREGs are grouped eREG group #0 {eREG#0,2,4,6,8,10,12,14}, eREG group #1 {eREG#1,3,5,7,9,11,13,15}, regardless of distributed EPDCCH set or localized EPDCCH set.
According to the agreements, the definition of ECCE in terms of EREG indices is determined. The following work focuses on ECCE indexing, which will significantly impact the ACK/NACK resource definition. In this contribution, we will give our analysis on the options for ECCE indexing and EPDCCH candidate to ECCE mapping methods, and show our preference in the proposals. 
CoMP for EPDCCH was discussed in the previous meeting and in email. QCL assumption for EPDCCH DMRS with NZP CRS-RS and EPDCCH DMRS scrambling sequence initialization parameter were agreed. Some remaining issues are discussed in this contribution.
2 Mapping of ECCE to EREG for localized transmission and ECCE indexing
An EPDCCH set is defined as a group of N PRB pairs where N can be 2, 4 or 8. Meanwhile, an ECCE can consist of either 4 or 8 EREGs according to the special subframe configuration and CP configuration. The ECCE indexing should consider both the EPDCCH set size and the number of EREG. If more than one EPDCCH set is configured, there is no need of jointly EPDCCH indexing across multiple sets because the ACK/NACK resource is determined by a start position for each set. Thus, local ECCE indexing should be performed within each set. 

For localized transmissions, ECCE indexing should be performed within a PRB pair first and then sequentially the following PRB pair. Within one PRB pair, the ECCEs can just be indexed according to the sorting of a specified EREG within each ECCE as given in Table 1.Table 1. ECCE indexing order within one PRB pair
	4 EREGs per ECCE
	8 EREGs per ECCE

	ECCE Number
	EREG
	ECCE Number
	EREG

	0
	0,4,8,12
	0
	0,2,4,6,8,10,12,14

	1
	1,5,9,13
	1
	1,3,5,7,9,11,13,15

	2
	2,6,10,14
	
	

	4
	3,7,11,15
	
	


Following this mapping, ECCE indexing for case 1 and 4 is shown in Figure 1 and Figure 2, respectively.
· Case 1: N=8, each ECCE consist of 8 EREGs
· Case 2: N=8, each ECCE consist of 4 EREGs
· Case 3: N=4, each ECCE consist of 8 EREGs
· Case 4: N=4, each ECCE consist of 4 EREGs
· Case 5: N=2, each ECCE consist of 8 EREGs
· Case 6: N=2, each ECCE consist of 4 EREGs
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Figure 1. ECCE indexing for localized transmission, case 1
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Figure 2. ECCE indexing for localized transmission, case 4


Proposal 1: ECCE for localized transmission should be indexed within a PRB pair first and then sequentially the following PRB pair.
3 Mapping of ECCE to EREG for distributed transmission and ECCE indexing
For distributed transmissions, one ECCE corresponds to multiple EREGs distributed across different PRB pairs. The same principle of grouping EREGs to ECCE for localized ECCE applies for distributed ECCE. The EREG indices for aggregating localized ECCE should be the same for distributed ECCE. The only difference is the multiple EREGs with the same indices for grouping a distributed ECCE come from different PRB pairs. Two ECCE indexing schemes for distributed transmission proposed in the last meeting are shown in Figure 3 and Figure 4 [1]

 REF _Ref339348749 \r \h 
[2]

 REF _Ref339348751 \r \h 
[3].
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Figure 3. Scheme 1 of ECCE indexing for distributed transmission
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Figure 4. Scheme 2 of ECCE indexing for distributed transmission


As seen, an ECCE for distributed transmission is constructed by 4 EREGs coming from multiple PRB pairs with different index. With four EREG indices in a group, different cyclic shift across the multiple PRB pairs can generate four ECCEs. For instance, with EREG index group {eREG#0,4,8,12} marked with green frame in Figure 3
, through cyclic shift in multiple PRB pairs, four ECCEs can construct ECCE#0,ECCE#1,ECCE#2,ECCE#3.For convenience, the set containing four ECCEs which are formed by the same EREG indices is denoted as ECCE group.

The difference of the two ECCE indexing methods in Figure 3 and Figure 4 is that the ECCE indexing is contiguous for scheme 1 but non-contiguous for scheme 2. 
The design principle of scheme 2 takes the ACK/NACK resource collision and scheduling complexity into consideration. When EPDCCH of localized transmission and distributed transmission are multiplexed in one EPDCCH set, it is desirable to avoid the ACK/NACK resource collision between the two EPDCCHs.   
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Figure 5. ACK/NACK collision problem regarding ECCE indexing
In Figure 5, it can be seen that, for ECCE indexing scheme1, EPDCCH 1 with localized transmission and EPDCCH 2 with distributed transmission are multiplexed in one EPDCCH set. Because the ACK/NACK resource for both EPDCCH 1 and EPDCCH 2 is ACK/NACK channel 4, it leads to the ACK/NACK resource collision. For scheme 2, as the ECCE with the same index for distributed and localized transmission will never be allowed to transmit simultaneously, the ACK/NACK collision cannot occur. For instance, for scheme 2, EPDCCH 1 of localized transmission with ECCE index 4 and EPDCCH 3 of distributed transmission can never be multiplexed together, so the ACK/NACK resource exclusively belongs to either EPDCCH 1 or EPDCCH 3. From this perspective, the ECCE indexing scheme 2 has an advantage over scheme 1.

Proposal 2: Considering ACK/NACK resource association with ECCE index, the ECCE indexing of scheme 2 with non-contiguous indexing within one ECCE group is preferred.
4 EPDCCH candidate of higher aggregation level to ECCE mapping for distributed transmission
Considering the configurations of EPDCCH set size in terms of PRB pair number is eight and ECCE consist of 4 EREGs, an ECCE only spans four out of eight PRB pairs. There will be two methods of the candidate with higher aggregation level to ECCE mapping as illustrated in Figure 6 and Figure 7. 
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Figure 6. Option 1 of candidate to ECCE mapping
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Figure 7. Option 2 of candidate to ECCE mapping


For option 1, the candidate of aggregation level 2 is constructed by two ECCEs coming from different PRB pair groups (PRB pair group 1: PRB pair 0~PRB pair 3; PRB pair group 2: PRB pair 4~PRB pair 7). Therefore, since this candidate can span eight PRB pairs, better frequency diversity gain is achieved .The principle for option 2 is to locate the EPDCCH candidate with the least amount of PRB pairs as possible. The benefit is to increase the resource utilization efficiency. But in our opinion, to enable the compact resource utilization, configuring two EPDCCH sets and each with size of four PRB pairs can achieve the same functionality. If the eNodeB configures an EPDCCH set with eight PRB pairs, it targets to enable 8 orders of frequency diversity gain. 
Proposal 3: Option 1 with the candidate of higher aggregation level mapping to eight PRB pair when the EPDCCH set has eight PRB pairs and each ECCE consist of four EREGs is preferred.

5 RE mapping of EPDCCH with CoMP transmission 

In this section, the RRC parameters needed for EPDCCH with CoMP transmission are discussed:
It is agreed that DPS for EPDCCH can be supported. As the transmission points (TP) performing DPS may have different CRS configurations, NZP CSI-RS configurations and ZP CSI-RS configurations, rate matching and RE mapping for EPDCCH from different TPs need to be processed during the EPDCCH DPS transmission. NZP CSI-RS except the one indicated by EPDCCH DMRS QCL assumption can be covered by the ZP CSI-RS configurations for EPDCCH rate matching and RE mapping. ZP CSI-RS configurations not only for NZP CSI-RS protection but also for IMR may be different for different TPs. Therefore the EPDCCH rate matching and RE mapping around one TP’s CRS and ZP CSI-RS configuration are required for each EPDCCH set. Note the NZP CSI-RS configuration from EPDCCH DMRS QCL assumption indication should also be used for EPDCCH rate matching and RE mapping. However, as it is already agreed in [4], it will not be included here anymore. 
The TPs for performing DPS may have different CRS frequency shifts, the shift values will be taken into account by eNB for EPDCCH rate matching and RE mapping. They should also be indicated to UE for assisting EPDCCH decoding. There can be either explicit shift value indication or implicit obtain according to cell ID. In [6], it is proposed that the dynamic EPDCCH OFDM starting symbol should be supported via PCFICH detection based on the corresponding physical cell ID. So cell ID should be included in the EPDCCH RRC signaling for both CRS frequency shift and dynamic EPDCCH OFDM starting symbol indication.

MBSFN subframe configuration may also be different within the TPs performing EPDCCH DPS, which will impact the CRS patterns in the MBSFN region. So MBSFN subframe configuration should be indicated for each EPDCCH PRB set.
As discussed above, when UE is configured in TM10, the RRC signaling for EPDCCH DPS can include the following parameters per EPDCCH set:

EPDCCH starting symbol: it is indicated by higher layer signaling in that cell or in case of cross-carrier scheduling, otherwise indicated by PCFICH corresponding to the cell ID indicated by higher layer signaling in case of non-cross-carrier scheduling.

RS configurations:
Cell ID, CRS antenna port number, MBSFN subframe configuration, ZP CSI-RS configuration.

Proposal 4: The RRC signaling for EPDCCH rate matching and RE mapping for UE in TM10 should include the following parameters per EPDCCH PRB set:

EPDCCH starting symbol: it is indicated by higher layer signaling in that cell or in case of cross-carrier scheduling, otherwise indicated by PCFICH corresponding to the cell ID indicated by higher layer signaling in case of non-cross-carrier scheduling.
RS configurations: Cell ID, CRS antenna port number, MBSFN subframe configuration, ZP CSI-RS configuration. 
6 Conclusion 

In this contribution, we discuss the issues of ECCE indexing and candidate to ECCE mapping and have the following proposals:
 Proposal 1: ECCE for localized transmission should be indexed within a PRB pair first and then sequentially the following PRB pair.
Proposal 2: Considering ACK/NACK resource association with ECCE index, the ECCE indexing of scheme 2 with non-contiguous indexing within one ECCE group is preferred.
Proposal 3: Option 1 with the candidate of higher aggregation level mapping to eight PRB pair when the EPDCCH set has eight PRB pairs and each ECCE consist of four EREGs is preferred.
There are the folloing proposals for EPDCCH rate matching and RE mappingwhen UE is configured in TM10:

Proposal 4: The RRC signaling for EPDCCH rate matching and RE mapping for UE in TM10 should include the following parameters per EPDCCH PRB set:

EPDCCH starting symbol: it is indicated by higher layer signaling in that cell or in case of cross-carrier scheduling, otherwise indicated by PCFICH corresponding to the cell ID indicated by higher layer signaling in case of non-cross-carrier scheduling.
RS configurations: Cell ID, CRS antenna port number, MBSFN subframe configuration, ZP CSI-RS configuration. 

The RS configurations and EPDCCH starting symbol per EPDCCH PRB set from RRC signaling for EPDCCH rate matching and RE mapping are summarized as below:

Table 2 Parameters for EPDCCH RE mapping and rate matching per EPDCCH PRB set
	ncell ID 
	Value of cell ID

Integer value in the range of [0…503], cell ID corresponding to the cells with NZP CSI-RS from the CoMP measurement set with maximum size of 3

Default value in case RAN2 decides to specify: cell ID of the serving cell

	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

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

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

	zeroTxPowerCSI-RS
	A ZP CSI-RS configuration assumed by the UE for EPDCCH 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 of serving cell
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