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1. Introduction
In the last RAN1 meeting, enhancement of PDCCH was discussed [2-8] and the following conclusion was made[1]. 

Conclusions:

· Possible areas for enhancement include: 

· PDCCH capacity for CA-based het-net or inter-band deployments

· Reduce PDCCH overhead / increase capacity / reduce blocking probability

· Need to show what gain in capacity and reduction in blocking probability can be achieved with the proposed methods

· How serious is the problem; what impact would the proposed solution. 

· Working assumption: Reduction in  PDCCH blind decodes below R10 levels is not seen as necessary in the context of this WI. 

Consider PDCCH coverage enhancement under DL MIMO SI. 

Consider whether gains resulting from any agreements under DL MIMO SI affect the need for, and improvements from, the above aspects (in order not to duplicate solutions) and vice versa. 

Based on the conclusion made above, we provide our further view on the possible methods to enhance PDCCH in Rel-11 CA and initial simulation results for PDCCH blocking probability in CA. 
2. Further discussion
In the last RAN1 meeting, several methods are proposed to enhance PDCCH in Rel-11 CA as follows. 

· Change the PDCCH format [3]: it proposes to reduce the information bit size of the current DCI format. The small compact size would be beneficial in increasing the PDCCH coverage. In addition, the compact size DCI may require the smaller number of CCEs and consequently it may increase the PDCCH capacity. However, in order to reduce DCI format size, certain restriction should be applied, e.g. the limitation of resource allocation or MCS level. In that sense, the impact on the scheduling performance should be fully investigated. In addition, introduction of a new DCI format size would increase the number of blind decodes. Although it was concluded that reduction in PDCCH blind decodes below Rel-10 level is not considered in Rel-11, it would not be desirable to increase the number of blind decodes unless it provides remarkable gains. 
· Joint transmission of multiple serving cells [5][8] : it proposes a new DCI format scheduling multiple serving cells. Separate grant for each serving cell can be jointly encoded or one single grant can be transmitted for multiple cells. In the first case, CRC overhead can be reduced and in the second case, DCI overhead would be dramatically reduced.  It is questioned how likely the multiple serving cells are scheduled in the same subframe to the same UE with the same scheduling information (for the second case). For example, in case of inter-band CA or HetNet scenario, it is likely that multiple serving cells experience different channel situation or interference. Therefore, the gain of joint transmission would be reduced in this scenario. In addition, it should be considered whether DCI format size should be fixed regardless of the number of activated serving cells. It would be desirable to fix the DCI format size due to the concern of misalignment of the activation/deactivation of serving cells between eNB and UE. However, if it is fixed, it would be inefficient in case where the number of activated serving cells is changed frequently.   
· Introduce E-PDCCH in PDSCH region [2]: introduction of E-PDCCH has been extensively discussed under DL MIMO or CoMP session because the legacy PDCCH needs to be improved due to potential PDCCH capacity limitation for MU-MIMO and some CoMP scenarios like scenario 4. The coverage and/or capacity of E-PDCCH would be increased by applying advanced transmission schemes and using PDSCH resource. While the detailed structure and performance of E-PDCCH have been discussed, it has not been discussed the impact of E-PDCCH to legacy PDCCH from UE complexity point of view. For example, we may need to consider whether the UE should monitor both the legacy PDCCH and E-PDCCH region. If there is no problem in blocking probability, for the UE who can be scheduled with E-PDCCH, the number of PDCCH candidates for the legacy DCI format size in the PDCCH region can be reduced to mitigate the UE complexity. 
Based the above observation on several candidates, we would like to recommend that RAN1 take into accounts the following aspects for further discussion on PDCCH enhancement. 

· Achievable capacity gain in the realistic scenario

· Impact on scheduling performance
· Relationship between the legacy PDCCH and new PDCCH

3. Initial evaluation on PDCCH blocking probability
A simple simulation is performed to see the blocking probability in Rel-10 CA. Table 1 summarizes the simulation parameters. Figure 1 shows the link performance of PDCCH and Figure 2 shows the downlink SNR distribution. With the results in Figure 1 and Figure 2, the UE probability per CCE aggregation level is decided as shown in Table1. Table 2 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, blocking probability is reduced when search space is shared between serving cells. 
	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
	40  (each UE has 2 or 3 PDCCHs)


	Scheduling
	10 UEs are randomly selected

	Search space sharing
	Yes/No


Table 1: Simulation parameters
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Figure 1 : PDCCH BLER vs. SINR
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Figure 2: Downlink SNR distribution (UMa)
	# 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 2 : Average blocking probability 
4. Conclusion

In this document, we provide our view on the possible methods to enhance PDCCH in Rel-11 CA. Based on the discussion in Section 2, we would like to recommend that RAN1 take into accounts the following aspects for further discussion on PDCCH enhancement. 

· Achievable capacity gain in the realistic scenario

· Impact on scheduling performance

· Relationship between the legacy PDCCH and new PDCCH

In Section 3, we provide the initial evaluation results on PDCCH blocking probability in Rel-10 CA as a starting point. 
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