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1. Introduction

In RAN1 #61 meeting, the following agreements were made on PDCCH search space design in LTE-A [1]:
Agreements:

· For a given UE, search spaces located on a PDCCH CC are individually defined per aggregation level for each PDSCH/PUSCH CC linked to the PDCCH CC

· A UE’s search spaces on a PDCCH CC are shared in case of same DCI size

Discuss further the details of search space design including the placement of CC-specific search spaces in a CC on which the UE monitors the PDCCH.
In this contribution, we show our views on the details of PDCCH search space design in LTE-A.
2. PDCCH search space design in LTE-A
2.1. Configurable PDCCH candidates
Typically, the required minimum CCE aggregation level for a UE is related to its DL geometry. In Rel-8, the number of PDCCH candidates for each CCE aggregation level is fixed, irrespective of the UE DL geometry. For a UE of low DL geometry, it is likely that only large CCE aggregation levels (e.g. 4 or 8) can be used for its PDCCH. On the other hand, the number of PDCCH candidates for large CCE aggregation levels is quite limited in Rel-8. For a UE of high DL geometry, it is likely that small CCE aggregation levels (e.g. 1 or 2) are mostly sufficient for its PDCCH. Such a high DL geometry UE does not need to perform blind decodings for large CCE aggregation levels. 

In [2], it is proposed that the number of PDCCH candidates in Rel-10 is configured by eNB, in order to limit the number of PDCCH blind decodings with cross carrier scheduling, without increasing the PDCCH blocking probability. In this section, we evaluate the PDCCH blocking probability of the configurable PDCCH candidates assuming a total of 16 PDCCH candidates as in Rel-8. The following three cases are evaluated:
· Case 1: the number of PDCCH candidates is [6 6 2 2] for CCE aggregation level [1 2 4 8] for all UEs.
· Case 2: the number of PDCCH candidates depends on a UE’s minimum required CCE aggregation level
· [6 6 2 2] for a UE with minimum CCE aggregation level of 1;

· [0 8 4 4] for a UE with minimum CCE aggregation level of 2;

· [0 0 8 8] for a UE with minimum CCE aggregation level of 4;

· [0 0 0 16] for a UE with minimum CCE aggregation level of 8.
· Case 3: the number of PDCCH candidates depends on a UE’s  minimum required CCE aggregation level
· [8 6 2 0] for a UE with minimum CCE aggregation level of 1;

· [0 10 4 2] for a UE with minimum CCE aggregation level of 2;

· [0 0 12 4] for a UE with minimum CCE aggregation level of 4;

· [0 0 0 16] for a UE with minimum CCE aggregation level of 8.
Table 1 lists the simulation parameters, where a UE’s minimum CCE aggregation level is generated according to a certain probability distribution. The evaluation results are included in Figure 1. It is shown that the scheme of eNB configurable PDCCH candidates can reduce the PDCCH blocking probability. Hence, it is beneficial for eNB to configure the number of PDCCH candidates on a UE specific basis.

Proposal 1: It is supported in Rel-10 that the serving eNB can semi-statically configure the number of PDCCH candidates for each CCE aggregation level. Such a configuration is UE specific.
Table 1: Simulation parameters for configurable PDCCH candidates
	Parameter
	Value

	System bandwidth
	10 MHz

	CFI
	3

	PHICH
	Ng = 0.5

	Number of Rel-8 CRS ports
	2

	Number of CCs
	1

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

	UE C-RNTI
	Randomly generated

	Number of UE
	3, 6, 10, 20
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a) PDCCH blocking probability 

                                    b) CCE utilization efficiency
Figure 1: Evaluations on configurable PDCCH candidates 
2.2. PDCCH search space placement

Several methods of PDCCH search space placement have been proposed in [3] – [5]. These methods can be generally characterized into two categories: either with one hashing function or with different hashing functions. In this section, we evaluate the corresponding PDCCH blocking probability for each method and share our preferences. 
With one hashing function, mainly the following three methods were proposed:

· Method 1: concatenation, as shown in Figure 2-a, where the search space can be defined by:
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· Method 2: offset, as show in Figure 2-b, where the search space can be defined by:
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· Method 3: interleaving, as show in Figure 2-c, 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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Figure 2: Methods of PDCCH search space placement with one hashing function
With different hashing functions, as shown in Figure 3, the PDCCH search space starting CCE index of each carrier is independently defined. There are mainly two methods proposed:
· Method 4: 
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· Method 5: 
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Figure 3: PDCCH search space placement with different hashing functions
Figure 4 shows the evaluation scenario and Table 2 lists the simulation parameters. Figures 5 – 6 include the simulation results for the case without and with search spacing sharing among multiple carriers, respectively. It is observed that method 3 generally provides the lowest PDCCH blocking probability, while the other methods have similar PDCCH blocking probabilities. On the other hand, it is observed that the PDCCH search space with method 3 depends on the number of configured or activated CCs. During DL/UL CC set reconfiguration or CC activation/deactivation, method 3 may lead to search space ambiguity, even for the primary CC. Therefore, method 3 is not preferable. From the perspective of specification impact, all methods need minor revision on the Rel-8 search space definition, as shown by the formulas in this section. Our current preference is:
Proposal 2: Method 3 is not preferable due to the issue of search space ambiguity during DL/UL CC set reconfiguration or CC activation/deactivation. Other methods are similar in terms of PDCCH blocking probability and specification impact.
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Figure 4: Evaluation scenario for PDCCH search space placement

Table 2: Simulation parameters for PDCCH search space placement
	Parameter
	Value

	System bandwidth
	10 MHz

	CFI
	3

	PHICH
	Ng = 0.5

	Number of Rel-8 CRS ports
	2

	Number of PDCCH CCs
	1

	Number of PDSCH CCs
	2

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

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

	UE C-RNTI
	Randomly generated

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

	Same DCI size sharing SS
	Yes/No
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a) PDCCH blocking probability 

                                    b) CCE utilization efficiency
Figure 6: Simulation results of PDCCH search space without SS sharing 

[image: image16.png]PDCCH blocking probability (%)

Omethod 1: concatenation

Omethod 1: concatenation

Bethod 2: Bnethod 2: offset=l
Omethod 2 5 9 1| Omethod 2: offset=2 T8
Orethod 3: interleaving 1588, so || Omethod 3: interleaving D 193295 g
Wnethod 4: £(CT) in ¥_-1 2.6 5| & Wnethod 4: £(CT) in ¥_-1 - 7-08
Onethod 5: £(CT) in ¥k 570 [ Bmethod 5: £CD) in Yk
g
- FEETI
3 [T
g 45, 61995
8 o 1359
840 [seveosse |
5 28.87 21.95
575,05 5% :
To2eE T R
0-61 1.121.28 L =]
T e S
=1 @
3 5 10 3 5 10
Nubnex of TE Nubner of TE





a) PDCCH blocking probability 

                                    b) CCE utilization efficiency
Figure 6: Simulation results of PDCCH search space with SS sharing 

3. Conclusions

In this contribution, we discuss the PDCCH search space design for Rel-10 carrier aggregation. Currently, we have the following proposals:

Proposal 1: It is supported in Rel-10 that the serving eNB can semi-statically configure the number of PDCCH candidates for each CCE aggregation level. Such a configuration is UE specific.
Proposal 2: Interleaved search space placement is not preferable due to the issue of search space ambiguity during DL/UL CC set reconfiguration or CC activation/deactivation.
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