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1. Introduction

During the RAN1 #66 in Athens, the topic of downlink signaling in CA enhancement was discussed. Some improved PDCCH procedures or compact DCI formats [1-4] were provided and the conclusion was made below:
· 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. 
In [1], a new PDCCH procedure was discussed for improving the PDCCH capacity and reducing the PDCCH blocking probability. This contribution will provide some evaluation results of this new PDCCH procedure. Further analysis will be shown in the following sections. 
2. Discussion
Since the number of aggregated carrier and connected UE will be increased in Rel-11, the PDCCH capacity and blocking probability problem would be serious due to the lack of PDCCH resource in the conventional PDCCH region. Especially in the CA based HetNet and inter-band deployments, the application of cross carrier scheduling will aggravate the problems mentioned above. 
An improved PDCCH procedure is provided to address those issues. This improved PDCCH procedure has two steps for PDCCH. Information in primary PDCCH includes the type of DCI format, the CCE resource location and aggregation level etc. All the information related to secondary PDCCH can be provided by a new DCI format. The fixed payload size of this new DCI format does not require blind decoding. UE complete the PDCCH detection with catch of both secondary PDCCH and primary PDCCH.
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The two step PDCCH procedure is repeated in Figure 1 (b) in [1].
Benefits are summarized: the secondary PDCCH does not require blind decoding, CRC bits saving for secondary PDCCH, smaller payload for each PDCCH, reducing the fragmentation of CCE resources in the PDCCH search spaces and improve CCE resource utilization. 
3. Evaluation results

According to the description of primary PDCCH, the payload size of primary PDCCH may consist of the type of DCI format, the CCE aggregation level and the CCE resource location. We assume two carriers are aggregated with two PDCCHs scheduled for each carrier. Therefore, the DCI format type may require approximately 7 bits. In addition, the maximum number of CCE in the PDCCH region may need about 7 bits to be indicated. Because the secondary PDCCH may jointly coded of more than one PDCCH, the CCE aggregation level in Rel-10 {1,2,4,8}may not be large enough to catch the required PDCCH transmission performance. In order to support more aggregation levels for secondary PDCCH, 3 or 4 bits are required in the primary PDCCH. In the case of two carriers aggregated for UE, the primary PDCCH may require about 17-18 bits. 
Here, we take DCI format 2 as an example, and the UL grant has the same payload size as DL grant. Therefore, the secondary PDCCH will have four times the payload of DCI format 2. The simulation assumptions are shown below:
Table 1: Parameters for simulation
	Parameter
	Value

	Number of PDCCH in each subframe
	2

	Carrier bandwidth
	10 MHz

	Number of CRS antenna ports
	2

	Tx/Rx Antenna 
	2/2

	Number of TTI
	5000

	Number of CC
	2


The primary PDCCH BLER performance curves correspond to different CCE aggregation levels are shown in figure 2. For reaching the required BLER performances, e.g. 0.01, a certain number of CCE should be used with different SNR values. The same evaluation is made for secondary PDCCH in figure 3 and for conventional one PDCCH in figure 4. 
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Figure 2: Primary PDCCH BLER performance
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Figure 3: Secondary PDCCH BLER performance
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Figure 4: One PDCCH BLER performance

According to the simulation results from figure 1-2, the required CCE number for 1 PDCCH and Primary and Secondary PDCCH with SNR value assumed from -3dB to 8dB is calculated in Table 2. It shows that there is a large possibility the required CCE number for Primary plus to Secondary PDCCH is less than the conventional PDCCH procedure. As shown in the red number in Table 2, e.g. if the SNR is set to 2dB, the CCE number required in conventional PDCCH procedure is 4*4=16, but the Primary + Secondary PDCCH need 2+8=10 CCEs. From the results, it can be seen that the improved PDCCH procedure increases PDCCH capacity.
Table 2: Required CCE aggregation level with different SNR 
	   SNR(dB)

PDCCH
	-3
	-2
	-1
	0
	1
	2
	3
	4
	5
	6
	7
	8

	1 PDCCH 
	8
	8
	4
	4
	4
	4
	2
	2
	2
	2
	2
	2

	Primary + Secondary
	4+24
	4+20
	4+16
	2+12
	2+10
	2+8
	1+8
	1+6
	1+6
	1+4
	1+4
	1+4


According to the results above, the number of CCE required for Primary and Secondary PDCCH will not be larger than conventional PDCCH procedure at the most cases. We assume these two schemes have the same number of CCE for each UE. Assumed probability of each aggregation level in Rel-10 is shown in Table 3 [5].
Table 3: Probability of each aggregation level

	Aggregation level 1
	50%

	Aggregation level 2
	40%

	Aggregation level 4
	7%

	Aggregation level 8
	3%


In order to compare the blocking probability between conventional PDCCH procedure and improved PDCCH procedure, at most 20 UEs will try to be scheduled in the PDCCH region with 80 CCEs and each UE corresponds to four PDCCHs with two aggregated carriers. The PDCCH blocking probability for different number of UE with conventional PDCCH procedure and improved PDCCH procedure are shown in figure 5. 
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Figure 5: PDCCH blocking probability

For the UE side, the probabilities of the UE with all four PDCCHs scheduled are shown in figure 6. The similar evaluation for UE with one, two, three or no PDCCH scheduled are also given in figure 6. For the analysis of the amount of UE with no PDCCHs being blocked, it shows that the improved PDCCH procedure performs better than conventional PDCCH procedure. More UEs can have the whole PDCCHs to be scheduled under the improved PDCCH procedure.  
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Figure 6: Probability of UEs with different number of PDCCH have been scheduled

4. Summary
In this contribution we have further investigate the performance of improved PDCCH procedure from PDCCH capacity and blocking probability. From the capacity or blocking probability point of view, the improved PDCCH procedure show better efficiency than the conventional PDCCH procedure in certain cases. 
The Primary and Secondary PDCCH procedure can be used in the CA based HetNet and inter-band deployments. In addition, the application of this improved PDCCH procedure is also qualified for ePDCCH region. The further blind decoding and complexity of ePDCCH detection can also be avoided.
The improved PDCCH procedure will mainly bring the standardization modification in RAN 1. The total different PDCCH detection procedure should be defined in 36.213. Also, RAN 4 has to test the new PDCCH procedure performance. 
The error detection of Primary PDCCH and the backward compatibility of the PDCCH procedure can be further investigated.

The Primary and Secondary PDCCH procedure should be considered in the Rel-11.
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