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1. Introduction

In RAN1 #61bis meeting, the following conclusions were made on PDCCH search space design in LTE-A [1]:
· Same hashing function (offset between search spaces for different CCs is not a function of the subframe number)

· CC-specific offset

· Offset is a function of (at least) CIF

· FFS until RAN1#62

· No additional RRC signaled parameters

· Additional refinements FFS

According to the above agreements, the following two PDCCH search space definitions [2] are possible:

· Method 1: concatenation, where the search space can be defined by:
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· Method 2: offset, where the search space can be defined by:
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wherein 
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 denotes the PDCCH search space of carrier n with CCE aggregation L in subframe k; 
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 where N is the number of aggregated component carriers; and 
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 is the number of PDCCH candidates for CCE aggregation L, where
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In this contribution, we further evaluate the PDCCH blocking probability with the above two Rel-10 PDCCH search space designs, considering both Rel-10 and Rel-8 UEs.
2. Evaluation of PDCCH search space design in LTE-A
Figure 1 shows the evaluation scenario, where the PDCCH CC schedules both Rel-8 and Rel-10 UEs. Each Rel-8 UE can only be scheduled in the same CC, while each Rel-10 UE can be cross carrier scheduled in all PDSCH CCs. Table 1 lists the simulation parameters. The PDCCH blocking probability performance is evaluated with different Rel-8 UE percentages.  
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Figure 1: Evaluation scenario for PDCCH search space placement

Table 1: Simulation parameters for PDCCH search space placement
	Parameter
	Value

	System bandwidth
	10 MHz

	Number of simulation drops
	20000

	CFI
	3

	PHICH
	Ng = 0.5

	Number of Rel-8 CRS ports
	2

	Number of PDCCH CCs
	1

	Number of PDSCH CCs
	2

	Rel-8 UE percentage
(penetrate probability)
	20%, 40%, 60%, 80%, 100%

	PDCCH search space 
	Concatenation, 

CC-specific offset = [1, 2, 3, 4, 16]

	Probability of minimum CCE 
aggregation level of [8 4 2 1]
	Case 1:     [0.05, 0.15, 0.2, 0.6] 

Case 2:     [0.1,   0.2,  0.3,  0.4]

Case 3: [0.25, 0.25, 0.25, 0.25]



	Number of PDCCH candidates for each aggregation level 
	[6, 6, 2, 2]

	UE C-RNTI
	Randomly generated

	Number of UEs
	3, 5, 10 (each R10 UE has 2 PDCCHs)

	Same DCI size sharing SS
	Yes/No


Figures 2 – 4 in Appendix show the PDCCH blocking probability without search space sharing, for the cases with different probability distributions of minimum CCE aggregation level. It is observed that method 2 with offset=3 provides the lowest total (i.e. including both Rel-10 and Rel-8 UEs) PDCCH blocking probability, as well as the PDCCH blocking probability for Rel-8 UEs, in almost all simulated cases.

Figures 5 – 7 in Appendix show the PDCCH blocking probability with search space sharing, for the cases with different probability distribution of minimum CCE aggregation level. It is observed that method 2 with offset=1 provides the lowest PDCCH blocking probability for Rel-8 UEs, in almost all simulated cases. On the other hand, method 2 with offset=2 provides the lowest total (i.e. including both Rel-10 and Rel-8 UEs) PDCCH blocking probability in most of the simulated cases.
Considering that PDCCH search space sharing is only applicable for DCI formats of the same size, method 2 with offset=3 is preferable as PDCCH search space design in LTE-A. Hence, we have the following proposal:

Proposal: Method 2 with offset=3 is supported as the PDCCH search space definition in Rel-10.
3. Conclusions

In this contribution, we evaluate the different PDCCH search space designs for Rel-10 carrier aggregation. Currently, we have the following proposal:

Proposal: Method 2 with offset=3 is supported as the PDCCH search space definition in Rel-10.
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5. Appendix

This section includes the simulation results of the following scenarios/cases:

· Scenario 1: without search space sharing among multiple carriers:

· Case 1: Probability of minimum CCE aggregation level of [8 4 2 1] is [0.05, 0.15, 0.2, 0.6]
· Case 2: Probability of minimum CCE aggregation level of [8 4 2 1] is [0.1, 0.2, 0.3, 0.4]
· Case 3: Probability of minimum CCE aggregation level of [8 4 2 1] is [0.25, 0.25, 0.25, 0.25]
· Scenario 2: with search space sharing among multiple carriers:

· Case 1: Probability of minimum CCE aggregation level of [8 4 2 1] is [0.05, 0.15, 0.2, 0.6]
· Case 2: Probability of minimum CCE aggregation level of [8 4 2 1] is [0.1, 0.2, 0.3, 0.4]
· Case 3: Probability of minimum CCE aggregation level of [8 4 2 1] is [0.25, 0.25, 0.25, 0.25]
5.1. Scenario 1: without SS sharing
· Case 1: Probability of minimum CCE aggregation level of [8 4 2 1] is [0.05, 0.15, 0.2, 0.6]
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a)  3 UEs
[image: image10.png]RS UE PDCCH blocking probability (%)

0.2

——method 1t
—=—method 2:
——method 2:
——method 2
——method 2
—+—method 2

Concatenation

0.4 0.6 0.8 1
RS UE penetrate probability

Total PDCCH blocking probability (%)

0.2

—+—method 1: Concatenation
~=—method 2
——method 2:
——method 2:
——method 2:
——method 2:

0.6 0.8 1
RS UE penetrate probability





b) 5 UEs
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c) 10 UEs
Figure 2: PDCCH blocking probability without SS sharing for case 1 
· Case 2: Probability of minimum CCE aggregation level of [8 4 2 1] is [0.1, 0.2, 0.3, 0.4]
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[image: image13.png]RS UE PDCCH blocking probability (%)

0.2

—+—method 1: Concatenation
—=—method 2:
—+—method 2
——method 2
——method 2:
——method 2:

0.4 0.6 0.8 1
RS UE penetrate probability

Total PDCCH blocking probability (%)

0.2

——method 1t
~=—method 2
——method 2:
——method 2:
——method 2:
—+—method 2:

Concatenation
offset=1

offse
offset=3
offse
offse

0.4 0.6 0.8
RS UE penetrate probability





b)  5 UEs
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c)  10 UEs
Figure 3: PDCCH blocking probability without SS sharing for case 2
· Case 3: Probability of minimum CCE aggregation level of [8 4 2 1] is [0.25, 0.25, 0.25, 0.25]
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a)  3 UEs
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b)  5 UEs
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c)  10 UEs
Figure 4: PDCCH blocking probability without SS sharing for case 3
5.2. Scenario 2: with SS sharing

· Case 1: Probability of minimum CCE aggregation level of [8 4 2 1] is [0.05, 0.15, 0.2, 0.6]
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a)  3 UEs
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b)  5 UEs
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c)  10 UEs
Figure 5: PDCCH blocking probability with SS sharing for case 1
· Case 2: Probability of minimum CCE aggregation level of [8 4 2 1] is [0.1, 0.2, 0.3, 0.4]
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a)  3 UEs
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b)  5 UEs
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c)  10 UEs
Figure 6: PDCCH blocking probability with SS sharing for case 2
· Case 3: Probability of minimum CCE aggregation level of [8 4 2 1] is [0.25, 0.25, 0.25, 0.25]
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a)  3 UEs
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b)  5 UEs
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c)  10 UEs
Figure 7: PDCCH blocking probability with SS sharing for case 3
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