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Discussion and decision
1. Introduction

One remaining issue in Rel. 11 EPDCCH definitions after email discussion [71-18] concerns the search space equations for the localized and distributed EPDCCH sets. The corresponding equations have been enclosed in square brackets in the TS 36.213 version 11.1.0.

In this contribution we discuss a change of the definition of the search space equations.
2. Reason for change

The current version of the specification defines the search space equations as follows:

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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As can be seen, the specification defines currently different equations for the localized and distributed EPDCCH. The equation for localized EPDCCH distributes the blind decoding candidates evenly over the EPDCCH set. The equation for distributed EPDCCH on the other hand selects consecutive candidates into the search space. We see two problems arising from these definitions.

1. The selection of consecutive candidates for the distributed EPDCCH has the adverse effect that it tends to select candidates from the same EREG group for the UE. Therefore in case localized and distributed sets share the same PRB pairs, if an allocation exists for a localized ECCE in one of the PRB pairs, it may block all distributed EPDCCH candidates of another UE.
2. Another problem arises from the case when a UE has two EPDCCH sets of the same type configured. In this case it would be beneficial to define the search spaces for the two sets such that they are not overlapping. In case the search spaces equations are fundamentally different, as the current specification dictates, this is hard to ensure.
In light of the above, and for reasons of simplicity, we propose to utilize a single equation that applies for both of the cases for EPDCCH. This achieves the following benefits:
· The blocking between localized and distributed EPDCCH when sharing PRB pairs is minimized. The impact on the blocking probability is demonstrated in Figure 1.
· For the case of two EPDCCH sets configured for a given user, the same search space definition allows for simple definition of starting points that minimize mutual overlap, as suggested in the companion contribution [1]

· Simplifies the specifications. Two different search space equations for EPDCCH would result in unnecessary complexity.
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Figure 1 EPDCCH blocking probability per UE priority. Case 1 is according to specifications with consecutive candidates in search space for distributed EPDCCH sets. Case 2 is when the distributed search space uses the same equation as the localized search space, as proposed in this contribution. Four different distributions of aggregation levels per UE are shown. The blocking probability is clearly reduced according to our proposal. Simulation assumptions are given in Appendix.
3. Summary of change

We propose to adopt the same equation as is used for the localized search space also for the distributed search space:
Proposal: Apply the user-specific search space equation given for localized EPDCCH also for the distributed EPDCCH.
4. Required changes to the specifications
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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 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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, the ECCEs corresponding to EPDCCH candidate m of the search space 
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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 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 definitions. Based on the discussions and the provided simulation results that indicate a lower blocking probability when using the search space equation of localized EPDCCH also for distributed EPDCCH we suggest:
Proposal: Apply the user-specific search space equation given for localized EPDCCH also for the distributed EPDCCH.

The required minimal changes to TS 36.213 are outlined in Section 4. 
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Appendix: Simulation assumptions

	Number of PRBs
	4 / 8

	Number of EREGs per ECCE
	4

	Equation for distributed search space
	Case 1: 
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	Number of candidates per agg. level L
	According to TS36.213 Tables 9.1.4-1b and 9.1.4-2b

	Distribution of L per UE
	pdf 1: localized:

L=1: 30%, L=2: 30%, L=4: 25%, L=8: 15%, L=16: 0%
distributed:

L=1: 30%, L=2: 30%, L=4: 25%, L=8: 10%, L=16: 5%
pdf 2: localized & distributed:

L=1: 30%, L=2: 50%, L=4: 15%, L=8: 5%, L=16: 0%
pdf 3: localized & distributed:
L=1: 60%, L=2: 20%, L=4: 15%, L=8: 5%, L=16: 0%
pdf 4: localized & distributed:

L=1: 70%, L=2: 25%, L=4: 2.5%, L=8: 2.5%, L=16: 0%

	Distribution of EPDCCH mode
	50% localized, 50% distributed

	Scheduling scheme
	Greedy allocation of EPDCCH in UE priority order
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