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1. Introduction
In Rel-11 CA, RAN1 has been discussing the possible methods to enhance PDCCH capacity focusing on reduction of PDCCH overhead, increase capacity and reduction of blocking probability. In this document, as one approach to reduce the blocking probability, the enhancement of search space sharing is discussed. 
2. Search space sharing in LTE Rel-10
In LTE Rel-10 CA, search space sharing is supported in TS 36.213 for cross carrier scheduling.  Basically, when multiple search spaces are located in a same scheduling cell and DCI format size of multiple cells is same, DCI of one serving cell can be transmitted in the search space of another cell located in the same scheduling cell. The same DCI format size is used when the same system bandwidth and transmission mode are configured. Although the transmission mode is different, at least DCI format 0/1A can be applied for search space sharing as long as the same system bandwidth is configured. 
We performed a simple simulation to see the blocking probability in Rel-10 CA. Simulation parameters are summarized in Table 3 in Annex. DCI format 0/1A is assumed in this simulation. The percentage of the UE per CCE aggregation level is determined based on the link performance of PDCCH and downlink SNR distribution shown in Figure 2 and Figure 3 in Annex respectively. Table 1 summarizes the blocking probability in the different cases. It is noted that since we use DCI format 0 only, the blocking probability would be increased if the larger DCI format is used. From the simulation results, it is observed that blocking probability is reduced when search space is shared between serving cells. 

	# of DL serving cells
	Search space Sharing
	Average blocking probability[%]

	2
	Yes
	11.97

	3
	Yes
	24.59

	2
	No
	20.15

	3
	No
	31.13


Table 1 : Average blocking probability 
3. Enhancement of search space sharing

As discussed in Section 2, the search space sharing is beneficial to reduce the blocking probability without increase of the number of blind decodings. However, the limitation of search space sharing is that it is applicable only when DCI format size is exactly same between multiple serving cells. As shown in Table 2, if DCI format size is different based on the bandwidth and type and hence search space sharing can not be supported when serving cells having the different system bandwidth or transmission mode. 
	DCI Format
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	0/1A
	21
	22
	25
	27
	27
	28

	1
	19
	23
	27
	31
	33
	39

	1B
	22
	25
	27
	28
	29
	30

	1D
	22
	25
	27
	28
	29
	30

	2
	31
	34
	39
	43
	45
	51

	2A
	28
	31
	36
	41
	42
	48


Table 2:  DCI format size (bits) (FDD, 2 Tx antennas at eNB)

In order to improve the utilization of search space sharing, one possible approach would be to insert padding bits in the DCI format having the smaller size such that it becomes the same size as another DCI format size. The bit size difference between system bandwidth is not large in case of DCI format 0/1A, 1B or 1D because the compact resource allocation is used. In this case, the overhead of padding bits would be small. Figure 1 shows the example of  inserting zero padding when carriers having the different bandwidth are aggregated.  Carrier 1 is configured with 5MHZ and carrier 2 is configured with 10MHz bandwidth. By inserting 2 bits, the DCI format size 1A in carrier 1 is the same as the one in carrier 2. 
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Figure 1:  Example DCI formats used in each carrier

4. Conclusion

In this document, we discuss the enhancement of search space sharing as a part of PDCCH enhancement. Based on the discussion in section 2 and 3, it is observed that search space sharing decrease the blocking probability and inserting the padding bit increases the utilization of search space sharing. Therefore, we recommend that inserting zero padding to make the same DCI format size should be discussed in Rel-11 CA to enhance PDCCH capacity without increase of the number of blind decodings. 
Annex. PDCCH blocking probability

	Parameter
	Value

	System bandwidth
	10 MHz

	Number of CCEs in the control region
	40(CFI=3)

	Number of Rel-8 CRS ports
	2

	Number of scheduling cells 
	1 (cross carrier scheduling is supported)

	Number of serving cells
	2 or 3

	Link adaption of PDCCH
	Aggregation 1 (SNR >=  3.8 dB)

Aggregation 2 (0.2 dB <= SNR < 3.8 dB)

Aggregation 4 (-2.9 dB <= SNR < 0.2 dB)

Aggregation 8 (SNR < -2.9 dB)

	UE probability per CCE 
aggregation level [8 4 2 1]
	[0.06 0.16 0.23 0.55] 


	UE C-RNTI
	Randomly generated

	Number of UE per a serving cell
	40

	Scheduling
	10 UEs are randomly selected

	Search space sharing
	Yes/No


Table 3: Simulation parameters
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Figure 2 : PDCCH BLER vs. SINR
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Figure 3: Downlink SNR distribution (UMa)
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