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1 Introduction
Carrier aggregation is a feature for an operator to utilize more spectrum for a specific UE. Carrier aggregation can be used to aggregate very large spectrum parts, i.e. allowing a UE to use more then 20 MHz of spectrum. Although this is a very important use case, more importantly, carrier aggregation is a way for operators that have small spectrum allocations typically from 10 MHz and below and combining them to a specific UE, for that user to reach a higher peak rate. Currently, the RAN4 work on specifying aggregation scenarios has only specified carrier aggregation scenarios that correspond to 2 DL carriers and a single UL carrier. 

One of the important tools to allow good performance on aggregated secondary cells is to have good channel quality information, i.e. CSI reports. In practice this means that the network needs to acquire aperiodic CSI reports. The aperiodic CSI reports are important to allow link adaption and scheduling of data with adequate performance on both the secondary cell and the primary cell. 

It has been identified that with the current Rel-10 design it is not possible for the eNB to request aperiodic CSI reports for the secondary cell in case the primary cell is of a small bandwidth size in case of aggregation level 4 and 8. It is further highlighted that the same issue occurs also for other functionality such as aperiodic CSI reporting for multiple CSI processes. For simplicity reasons the issue is described in more detail only from a CA context.

2 Discussion
The focus in this contribution is on asymmetric carrier aggregation scenario of 2 DL carriers and a single UL carrier. In such a scenario the UE will be configured with a primary cell that has an UL and DL carrier and a secondary cell that has only is a DL carrier. The UL carrier of the primary cell can only be scheduled from the corresponding DL carrier of the primary cell. 

In this scenario, the eNB has the possibility to request aperiodic CSI by indicating this in the UL grant transmitted on the UL carrier of the primary cell. The triggering of the aperiodic CSI is defined differently depending on if the UL grant is received by the UE in the common search or UE-specific search space. In the common search space aperiodic CSI can only be requested for the primary cell in DL with DCI format 0, according to the definitions in section 5.3.3.1.1 [1] together with section 7.2.1 in [2]. If the UE receives the UL grant in the UE-specific search space a two bit indicator is used for triggering the aperiodic CSI; certain bit combination are configurable so that aperiodic CSI can be requested for secondary cell and/or primary cell. 

In case that the DCI format 0/1a has the same payload size in both common and UE-specific search space and the same first CCE index between the common and UE-specific search space, the UE shall assume that the DCI message it receives is associated with the common search space. The corresponding behaviour is specified in section 9.1.1 in [2]. How often this overlap occurs is mainly dependent on system bandwidth. 

In Table 1 the different payload sizes of DCI format 0/1a in the common and UE-specific search space for the case when the UE is configured with one secondary downlink carrier is shown. It can be observed that DCI format 0/1a has the same size in the common and UE-specific search space for system bandwidths of 1.4, 5 and 10 MHz. The DCI size depends on system bandwidth because the number of padding bits introduced in DCI format 0 is different for different system bandwidths.

Table 1: Payload size of DCI format in common and UE-specific search space (SS) for DCI format 0/1a

	System BW
	UE-specific SS (bit length)
	Common SS (bit length)

	1.4 MHz
	37
	37

	3 MHz
	39
	38

	5 MHz
	41
	41

	10 MHz
	43
	43

	15 MHz
	44
	43

	20 MHz
	45
	44


It is important to note that the common search space has the aggregation levels 4 and 8 while the UE-specific search space has the aggregation levels 1, 2, 4 and 8. The impact of aggregation levels 4 and 8 overlapping between the UE-specific search space and common search space is that the eNB can not request aperiodic CSI for a secondary cell using those aggregation levels. The overlapping probability between the common and UE-specific search space given the problematic bandwidths in Table 1 is presented in Table 2. The results in Table 2 assume a PHICH configuration of Ng = 1.  The overlapping probability of aggregation levels 4 and 8 for each corresponding system bandwidth together with the amount of OFDM symbols allocated by PDCCH (CFI) are presented. 

Table 2: Overlapping probability of UE specific search space and common search space at aggregation levels 4 and 8

	Aggregation level
	4 CCEs
	8 CCEs

	Bandwidth/CFI
	1*
	2*
	3*
	1
	2
	3

	1.4 MHz
	100 %
	100 %
	100 %
	N.A.
	N.A.
	N.A.

	5 MHz
	100 %
	100 %
	80 %
	100 %
	100 %
	100 %

	10 MHz
	100 %
	67 %
	40 %
	100 %
	67 %
	40 %


*CFI values for 1.4 MHz corresponds to 2, 3 and 4 OFDM symbols respectively
It can be seen from Table 2 that possible locations to schedule a DCI message in the UE-specific search with an aggregation level of 4 or 8 are very limited. It is not possible at all in most cases considering 5 or 1.4 MHz system bandwidth. The above mentioned limitation results in that the coverage of the secondary cell is severely reduced compared to the primary cell because there is no aperiodic CSI reports available for aggregation levels 4 and 8 and hence aggregation level 1 or 2 has to be used for the DCI message requesting aperiodic CSI.

The above is described from the perspective of aperiodic CSI reporting together with CA, we note that in case aperiodic CSI reporting for multiple CSI processes the same issue will also occur. 

Based on the discussion in the contribution we see the following two simple solutions to the problem. 

· In case that the DCI format 0/1a has a common payload size and the same first CCE index between the common and UE specific search space, the UE shall assume that the DCI message it receives is associated with the UE-specific search space.

· An additional padding bit is added to DCI format 0/1a in the UE specific search space in case the DCI format yields a difference in information bitfields in the UE specific space compared to the common search space and DCI format 0/1a has the same payload size in the UE specific search space and the common search space.

3 Conclusions

In this contribution we discuss the impact of DCI formats having the payload size in the UE-specific and common search space. We further discuss the impact for small system bandwidth together with the lack of possibility to use features such as DL CA and multiple CSI processes. 

Based on the discussion we propose that one of the two alternatives presented in this contribution is accepted for the Rel-10 standard and future releases. 

· In case that the DCI format 0/1a has a common payload size and the same first CCE index between the common and UE specific search space, the UE shall assume that the DCI message it receives is associated with the UE-specific search space.

· An additional padding bit is added to DCI format 0/1a in the UE specific search space in case the DCI format yields a difference in information bitfields in the UE specific space compared to the common search space and DCI format 0/1a has the same payload size in the UE specific search space and the common search space.
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