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1 Introduction
In RAN1#60 meeting, PDCCH blind decoding was discussed as one of the important problems for carrier aggregation, almost all kinds of factors was considered, for example the UE complexity, the different transmission modes on different CCs, and so on. The following has been agreed:
· The transmission mode is not constrained to be the same on all CCs scheduled for a UE

· Maximum number of blind decodes that must be supported by a UE even with cross-carrier scheduling:

· Maximum number is FFS, but in any case it is agreed that it will not exceed Nx60
Obviously, the first item is the conclusion that different transmission modes on different component carriers could be configured for a given UE. In this way, at most five different transmission modes could be used. We think some details need to be studied about this problem for different scenarios, especially for different bands configured for a UE. 
In this contribution, we discuss the restriction on transmission mode number configured by higher layer when Cross-CC scheduling in single-band and multi-band is used for carrier aggregation deployment. As one of the important factors, PDCCH blind decoding is considered; other factors like different path loss in single-band or multi-band are also included. Furthermore, we present our views and suggestion on transmission mode number for carrier aggregation.
2 Discussion

In the early RAN1 meeting, it was agreed as baseline that there were two options for LTE-A PDCCH design [1]. Option 1 is defined that there is one PDCCH which carries the control information on the corresponding component carrier for each pair of UL/DL carriers. In this way, there is no carrier indicator in PDCCH. However, option 2 is defined that there is one PDCCH indication, which carries the control information on one of the downlink component carriers, but it could be used to carry the control information of the other carriers. In this situation, there is a fixed 3 bits carrier indicator for PDCCH. It could be adopted especially in some scenarios with heavy interference, such as home eNodeB, pico cells and relay nodes. A UE for LTE-A needs at most 60 blind decoding attempts for each component carrier for PDCCH option 1 monitoring, then the maximum number of blind decoding is N
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60 (N means the number of the component carriers and is maximum five according to RAN4 agreement). For option 2, which is Cross-CC scheduling, the maximum number of blind decoding is FFS, but it will not exceed to Nx60 in any case. At present, RAN4 has identified 12 prioritized deployment scenarios [2], in which different component carriers may use the same or different band and bandwidth.  

It is obvious that one transmission mode in a subframe can only be supported for a UE in LTE R8. But in LTE-A, it will be possible to configure a UE to aggregate at most 5 component carriers by different transmission modes adapted well to the channel condition, that mainly achieves excellent performance. For example, when higher frequency such as 3.5 GHz is considered, its path loss would be significant (e.g., 4-10 dB difference in link budget) compared with 2 GHz. Hence, we analyse the maximum decoding attempts with Cross-CC scheduling in single-band and multi-band CA deployment. 
2.1 Transmission mode number in Single-band CA
In LTE R8, the number of blind decoding attempts is proportional to the product of aggregation levels and the number of PDCCH DCI format sizes. However, besides above two factors, it also depends on the component carrier bandwidths and transmission modes configured by the higher layer for a LTE-A UE. According to prioritized deployment scenarios, it is noted that single-band CA should be supported in scenarios No.1/2/3/4/5/6/11. Because of near path loss for each component carrier resulting from single-band transmission, the same transmission mode on each CC could be priority and a given UE only performs at most 60 blind decoding attempts. Regarding maximum number of blind decoding (N
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60), the UE could be configured with the different transmission modes on each component carrier, but performance gain is uncertain that is needed to further study.
In addition, the impact on the number of blind decoding attempts owing to different component carrier bandwidths had better be considered. For each CA deployment scenario, the component carrier bandwidths are same, thus the number of blind decoding attempts will not be increased even with Cross-CC scheduling. So we propose that:

Proposal 1: Same transmission mode in each component carrier could be prioritized, and different transmission modes on each component carrier need to be further studied considering performance gain for a given UE in Single-band CA.
2.2 Transmission mode number in Multi-band CA
We note that multi-band CA deployment has been outlined in scenarios No.7/8/9/10/12. In this situation, there is about 4-10 dB path loss difference for different band, so we think different transmission modes could be adopted corresponding to different bands. Moreover, RAN2 has reached the agreement for three carrier aggregation deployment scenarios for the purpose of coverage and loss, etc. For example, it is likely that there are transmit diversity mode on CC1 (2.3 GHz), closed-loop spatial multiplexing mode on CC2 (1.8 GHz), and multi-user MIMO mode on CC3 (2.1 GHz) for one given UE in specific CA deployment simultaneously. The following discussion is based on precondition that different transmission modes on component carriers could be configured in different bands and same transmission mode on component carriers only could be configured in a specific band for one given UE scheduled by eNodeB.  
For scenarios No.8/9/12, there is the same component carrier bandwidth in each scenario, so we may think over the different transmission modes configured by higher layer in order to enhance performance. Because CIF will not be included in DCI format 0, 1A and 1C in common search space, the number of blind decoding attempts do not increase. However, the number of blind decoding attempts will largely be increased in UE-specific search space compared with same transmission mode configured by higher layer. Thus a UE needs to carry out up to a maximum of 12+48
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3=156 blind decoding attempts not only in the common search space but also in UE-specific search space.
For scenario No.7 and scenario No.10, there are the different component carrier bandwidths in each scenario such as 10MHz or 20MHz. As shown in Table 1, the size of different DCI format is given in different bandwidths including FDD and TDD. So the impact on blind decoding should be considered.

Table 1  Sizes of DCI format in different bandwidth
	DCI Format 
	1C
	0/1A/3/3A
	1
	1B
	1D
	2
	2A
	2B

	10M 
	FDD
	13
	27
	31
	28/30
	28/30
	43/46
	40/43
	40

	
	TDD
	13
	29
	34
	31/33
	31/33
	46/49
	43/45
	43

	20M
	FDD
	15
	28
	39
	30/32
	30/32
	51/54
	48/50
	48

	
	TDD
	15
	31
	42
	33/35
	33/35
	54/57
	51/53
	51


· When the same transmission mode in different component carrier bandwidth has been configured by higher layer for a given UE, the maximum number of blind decoding attempts will be raised to 60
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2=120 considering common search space and UE-specific search space.

· When different transmission modes in different component carrier bandwidths have been configured by higher layer for a given UE, the maximum number of blind decoding attempts will largely be increased to 12
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2+ 48
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3=312, which slightly exceeds Nx60. Some solutions to reduce blind decoding, such as aligning the payload sizes by padding or by compressing RA field, could be considered [3] [4]. But padding method may cause unnecessary overhead, and RA field compression would bring significant scheduler restriction and increase eNodeB/UE complexity. 
According to above analysis, for scenario No.7 and scenario No.10, maximum number of blind decoding may exceed Nx60, thus maximum number of different transmission modes on component carriers had better be restricted. When different transmission modes are considered in a specific band, we need further study the trade-off between different transmission mode number and performance gain. So we propose that:

Proposal 2: Number of different transmission modes on component carriers could be restricted for a given UE in Multi--band CA, but maximum number of different transmission modes is FFS regarding trade-off between transmission mode number and performance gain.
3 Conclusion
In this contribution, the restriction on the transmission mode number for carrier aggregation is discussed. Different kinds of factors such as PDCCH blind decoding for carrier aggregation and different path loss for single-band and multi-band deployment scenarios are analysed in detail. For different scenarios, some restriction had better be considered. We think the following proposals could be considered:
Proposal 1: Same transmission mode in each component carrier could be prioritized, and different transmission modes on each component carrier need to be further studied considering performance gain for a given UE in Single-band CA;
Proposal 2: Number of different transmission modes on component carriers could be restricted for a given UE in Multi--band CA, but maximum number of different transmission modes is FFS regarding trade-off between transmission mode number and performance gain.
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