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1. Introduction
In the RAN # 51 plenary, the work item for carrier aggregation (CA) enhancements was approved in [1] for Rel-11 and the WID was updated in [2]. According to [2], UL and DL physical layer signalling is included as a scope of CA enhancements as copied below. 
· Identify details for the LTE Carrier Aggregation enhancements methods to be specified through tradeoff analyses where aspects from all the relevant RAN WGs are considered. Redundant solutions and enhancement methods for the same purposes e.g. on different layers should be avoided. Enhancements on the following areas are investigated:
· Possible improvements in the related signaling for the use of LTE carrier aggregation, including 
i. UL and DL physical layer signaling,
ii. RRC and MAC signaling to support carrier aggregation,
iii. enhanced transmit diversity schemes for PUCCH format 3 and PUCCH format 1b with channel selection
· Support of inter-band carrier aggregation for TDD DL and UL including different uplink-downlink configurations on different bands
In this document, we discuss some areas which could be improved for PDCCH transmission in Rel-11 CA.  
2. Discussion
In Rel-10 CA WI, the number of blind decodes that the UE should support is denoted by 12 + (N x 32) + (M x 16), where N is the number of carriers and M is the number of carriers that supports UL MIMO with DCI format 4. Table 1 shows the exact number of blind decodes depending on the number of carriers (serving cells) and here we assume the same number of carriers for both uplink and downlink. 
Table 1: Number of Blind decodes depending on the number of serving cells

	Number of serving cells
	Without UL MIMO
	With UL MIMO

	2
	76
	108

	3
	108
	156

	4
	140
	204

	5
	172
	252


There are some aspects to be considered in Rel-11 CA WI related to the number of blind decodes for PDCCH. 

· Optimization for the large number of carrier aggregation needs to be considered. In Rel-10 CA WI, there was a discussion about the reduction of the number of blind decodes [3]-[7]. However, RAN1 could not reach a consensus on the need for reducing the number of blind decodes. From our perspective, the main reason why RAN1 could not introduce the method to reduce the number of blind decodes is because the scenario of supporting  2 serving cells was prioritized in Rel-10 CA WI and the number of blind decodes in case of 2 serving cells is not so large. In addition, there was no enough time to discuss the detailed scheme for reducing the number of blind decodes. However, as shown in Table 1, when UL MIMO is supported and the large number of serving cells are aggregated e.g. 4 or 5 serving cells, the number of blind decodes is more than 200 in case of 4 or 5 serving cells. Given that the large number of blind decodes would likely increase the UE complexity and the UE power consumption, it is worthwhile to discuss the possibility of reducing the number of blind decodes in Rel-11 CA. 
· Introduction of a new PDCCH should be considered. In Rel-11, there are some proposals to enhance PDCCH in PDSCH region to take an advantage of DL MIMO scheme or CoMP features [8][9]. If the new PDCCH transmitted in PDSCH region is supported, the smaller number of PDCCH candidates is more desirable because the overall blocking probability would be mitigated with the new PDCCH.  In addition, it is also possible that a new DCI format could be introduced. Similar to UL MIMO, the number of blind decodes could be linearly increased with the new DCI format. However, given that the current number of blind decodes is already large, it should be carefully considered to increase the number of blind decodeswith the new DCI format. 
· The advantage of search space sharing could be utilized. Search space sharing is used in cross carrier scheduling in Rel-10 CA. When the UE specific search spaces for multiple cells are located in the same cell with cross carrier scheduling, DCI of a serving cell can be transmitted in the UE specific search space of the other cell if DCI format size for two cells is same. With this approach, the search space of one DCI is effectively increased. In this case, the number of PDCCH candidates of one cell could be reduced compared to the number of PDCCH candidates in the separate scheduling. However, this aspect was not discussed in LTE Rel-10 WI. 
Based on the above discussion, we recommend that RAN1 discuss the reduction of the number of blind decodes in Rel-11 CA WI.  
3. Possible schemes

3.1. Reduction of the number of blind decodes
Based on the proposals in Rel-10 CA WI, there are several possible methods to reduce the number of blind decodes as follows. 
· Limit possible aggregation levels and/or PDCCH candidates with higher layer signalling 

· The eNB limits the blind decoding explicitly through RRC signalling. For example, as part of carrier assignment, the eNB could instruct the UE which aggregation levels to monitor.  Alternatively, the eNB could instruct the UE on how many PDCCH candidates to monitor for each aggregation level. The number of blind decodes in UE capability remains the same as working assumption but it reduces the actual number of blind decodes. The amount of reduction depends on RRC signalling. There is a trade-off between the scheduling flexibility/blocking probability and the gain of reduction of blind decodes. 
· Limit possible aggregation levels implicitly

· The PDCCH of primary cell or any serving cell is used implicitly to reduce the blind decoding of one or more of the remaining carriers.  For example, if the UE detects a grant at a particular aggregation level on primary cell, then the UE narrows its search on the one or more of the remaining carriers based on this aggregation level. Since it is based on the detected aggregation level, no additional information is required for the purpose of reducing blind decoding, which is desirable from a standardization perspective. This approach would be beneficial when the channel situation of multiple PDCCHs is coherent. For example, in case of cross carrier scheduling, it is very likely to use same aggregation level for multiple PDCCHs of multiple cells but transmitted on a same scheduling cell. In addition, the channel situation would be also likely to be coherent in case when multiple cells are located in the same frequency band. In this method, reduction of number of blind decodes depends on the aggregation level used in the scheduling.  
· Reduce PDCCH candidates in case of cross carrier scheduling 

· When sharing is supported between search spaces, the blocking probability of each DCI format will be lower because the number of possible PDCCH candidates is effectively increased. In this case, the number of PDCCH candidates would not need to be same as Rel-8. There may be no reduction if the UE supports both separate scheduling and cross carrier scheduling. But, in case of cross carrier scheduling, the number of actual blind decodes can be reduced. This benefit cannot be achieved when carriers having different system bandwidths and/or transmission modes are aggregated and search space sharing is not supported. However, if the difference in size between two different DCI formats for the different serving cells is not large, padding bits can be inserted to make the two DCI formats the same length. For example, DCI formats such as DCI 0/1A do not significantly increase in size as the system bandwidth increases. In this case, with only a few padding bits,sharing between search spaces can be supported. Consequently, we can reduce the number of PDCCH candidates. 

4. Conclusion

In this document, we discussed about improvement for PDCCH transmission in Rel-11 CA, especially the reduction on blind decode of PDCCH . Based on the discussion in Section 2, we recommend that RAN1 discuss the reduction of the number of blind decodes for PDCCH in Rel-11 CA WI based on the possible schemes described in Section 3.   
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