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Discussion and decision
1. Introduction
One remaining issue in Rel. 11 EPDCCH definitions after email discussion [71-18] concerns the definition of the variable 
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 for the two possible EPDCCH sets. The corresponding equation has been enclosed in square brackets in the TS 36.213 version 11.1.0.
In this contribution we give a change request on the definition of the search space starting points.
2. Reason for change
The current specification defines the search space starting point as follows:
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 is the slot number within a radio frame. This definition leads to the same starting point for the two EPDCCH sets possibly configured for a given UE.

In case the two sets are of the same type (localized or distributed) and point to identical sets of PRB pairs, this solution leads to a reduced search space as the two sets contain identical candidates. It would be beneficial to include full set of distinct blind decoding candidates also in this specific case, which would mean a required change in the starting point behaviour described above.

In case the two sets are of the same type and point to distinct sets of PRB pairs, the above definition leads to distinct blind decoding candidates. However, the ECCE indexes used by the candidates in the two sets are identical (given the two sets contain same number of PRB pairs). This may lead to extra blocking from the PUCCH ACK/NACK resource allocation point of view in certain cases. Therefore, also in this case, it would be beneficial to have different starting point definition for the two sets.
In case it is agreed that the distributed search space equation is changed to be identical with the localized search space equation (as suggested in the companion contribution [1]), the PUCCH blocking could potentially arise also in case the two sets configured to the same UE are of different type.

Furthermore, no adverse effects of having a different starting point for the two sets are seen.
3. Summary of change
We propose to offset the starting point of EPDCCH set with a value identical to its identity value p, i.e. value of higher layer configured EPDCCH-SetIdentity-r11. That is, the second set will be offset by p=1 whereas for the first set the starting point will be as in the current specifications (p=0). Therefore, we propose to change the abovementioned equation to
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As the blind decoding candidates are distributed evenly over the possible EPDCCH locations in the EPDCCH set, this maximizes the amount of distinct candidates in the union of the two EPDCCH search spaces. Also in the case of distinct PRB pair sets in the two EPDCCH sets, this change results in distinct ECCE indexes being used by the candidates of the two sets, which helps in minimizing the blocking induced by PUCCH ACK/NACK resource collisions.

Assuming the distributed search space equation is approved to be changed to being identical with the localized one (as suggested in the companion contribution [1]), this solution works equally well in the cases of two localized, two distributed, or one localized and one distributed EPDCCH set being configured to a single UE.

Our corresponding proposal can be summarized as follows:

Proposal: Change the starting point equation for EPDCCH in sub-clause 9.1.4 of TS 36.213 from 
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, where p denotes EPDCCH-set identity number 
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4. Required changes to the specifications
The sub-clause 9.1.4. in TS 36.213 is proposed to be changed as follows accordingly:
9.1.4  
EPDCCH assignment procedure
For each serving cell, higher layer signalling can configure a UE with one or two EPDCCH-PRB-sets for EPDCCH monitoring. The PRB-pairs corresponding to an EPDCCH-PRB-set are indicated by higher layers as described in section 9.1.4.4. Each EPDCCH-PRB-set consists of set of ECCEs numbered from 0 to 
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is the number of ECCEs in EPDCCH-PRB-set 
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 of subframe 
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. Each EPDCCH-PRB-set can be configured for either localized EPDCCH transmission or distributed EPDCCH transmission.
The UE shall monitor a set of EPDCCH candidates on one or more activated serving cells as configured by higher layer signalling for control information, where monitoring implies attempting to decode each of the EPDCCHs in the set according to the monitored DCI formats.
The set of EPDCCH candidates to monitor are defined in terms of EPDCCH UE-specific search spaces.

For each serving cell, the subframes in which the UE monitors EPDCCH UE-specific search spaces are configured by higher layers. 

The UE shall not monitor EPDCCH 

· For TDD and normal downlink CP, in special subframes for the special subframe configurations 0 and 5 shown in Table 4.2-1 of [3].

· For TDD and extended downlink CP, in special subframes for the special subframe configurations 0, 4 and 7 shown in Table 4.2-1 of [3].

· In subframes indicated by higher layers to decode PMCH

An EPDCCH UE-specific search space 
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 is defined by a set of EPDCCH candidates. 

For an EPDCCH-PRB-set 
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configured for distributed transmission, the ECCEs corresponding to EPDCCH candidate m of the search space 
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For an EPDCCH-PRB-set 
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configured for localised transmission, the ECCEs corresponding to EPDCCH candidate m of the search space 
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is defined below, 
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 if the UE is configured with a carrier indicator field for the serving cell on which EPDCCH is monitored, otherwise 
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 is the carrier indicator field value,
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 is the number of EPDCCH candidates to monitor at aggregation level 
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 in EPDCCH-PRB-set 
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Note that the carrier indicator field value is the same as ServCellIndex given in [11].

A UE is not expected to monitor an EPDCCH candidate, if an ECCE corresponding to that EPDCCH candidate is mapped to a PRB pair that overlaps in frequency with a transmission of either PBCH or primary or secondary synchronisation signals in the same subframe.

The variable 
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 is the slot number within a radio frame. The RNTI value used for 
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 is defined in section 7.1 in downlink and section 8 in uplink. The DCI formats that the UE shall monitor depend on the configured transmission mode per each serving cell as defined in Section 7.1.
The aggregation levels defining the search spaces and the number of monitored EPDCCH candidates is given as follows

· For a UE configured with only one EPDCCH-PRB-set for distributed transmission, the aggregation levels defining the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-1a, Table 9.1.4-1b.

· For a UE configured with only one EPDCCH-PRB-set for localised transmission, the aggregation levels defining the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-2a, Table 9.1.4-2b.

· For a UE configured with two EPDCCH-PRB-sets for distributed transmission, the aggregation levels defining the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-3a, 9.1.4-3b.

· For a UE configured with two EPDCCH-PRB-sets for localised transmission, the aggregation levels defining the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-4a, 9.4.4-4b.

· For a UE configured with one EPDCCH-PRB-set for distributed transmission, and one EPDCCH-PRB-set for localised transmission, the aggregation levels defining the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-5a, 9.1.4-5b.
For Tables 9.1.4-1a, 9.1.4-1b, 9.1.4-2a, 9.1.4-2b, 9.1.4-3a, 9.1.4-3b, 9.1.4-4a, 9.4.4-4b, 9.1.4-5a, 9.1.4-5b

· Case 1 applies 

· when DCI formats 2/2A/2B/2C/2D are monitored and 
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 , or
· for normal subframes and normal downlink CP when DCI formats 1A/1B/1D/1/2/2A/2B/2C/2D/0/4 are monitored, and when 
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 defined in section 6.8A.1 on [3]), or 
· for special subframes with special subframe configuration 3, 4, 8 and normal downlink CP when DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4 are monitored;

· Case 2 applies 

· for normal subframes and extended downlink CP when DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4 are monitored or,
· for special subframes with special subframe configuration 1,2,6,7,9 and normal downlink CP when DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4 are monitored , or
· for special subframes with special subframe configuration 1,2,3,5,6 and extended downlink CP when DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4 are monitored;

· otherwise

· Case 3 is applied.
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 (defined in section 6.8A.1 in [3]) is the number of PRB-pairs constituting EPDCCH-PRB-set 
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5. Conclusions

In this contribution we discuss one of the remaining issues with respect to EPDCCH Rel. 11 specification with respect to user specific search space starting position. Based on the discussions in this contribution we suggest:
Proposal: Change the starting point equation for EPDCCH in sub-clause 9.1.4 of TS 36.213 from 
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The required minimal changes of the formula itself only to the TS 36.213 are outlined in Section 4. 
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