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1 Introduction

The topic of blind decodes for CA within Rel-10 has not yet been discussed to any large extent. To the previous RAN1 meeting there where several proposals submitted suggesting various methods to reduce the number of blind decodes. To be able to judge whether we need to reduce the number of blind decodes, we should look at the different scenarios that are to be supported by LTE Rel-10 and what aspects to consider. In this contribution we highlight the aspects to consider as well as different scenarios that we need to support within LTE Rel-10.
2 Discussion
2.1 Aspects to consider for the limitation on the number of blind decodes

The main aspect to consider for the PDCCH design for carrier aggregation is the maximum number of blind decodes a terminal should handle, as it will be a dimensioning factor for the UEs PDCCH receiver processing. The average number of blind decodes is of less significance from a UE perspective as the main potential gain with having a low number of blind decodes would be power saving, although the power saving gains may be rather marginal considering fast solutions for component carrier activation. From a system perspective instead the average number of blind decodes is of interest as it would lower the number of false detections. The false detection probability is mainly controlled by the CRC length and the number decoding attempts at low SNR. It is further possible for the UE to utilize unused code point(s) or invalid code point(s) in the UL grant and DL assignment to decrease the false detection probability. The CRC length in Rel-8/Rel-9 is 16 bits, for Rel-10 it would be beneficial from an implementation perspective if the same CRC length is kept.

A main question is what false detection probability level would be acceptable for Rel-10. From a general system level perspective, around 1% false detection probability would be acceptable. This would correspond rather well to figures shown in ‎[1] with 400 UEs in RRC-CONNECTED state in the cell and a NAK-to-ACK error of 1E-3, which gives a false detection probability of 0.009 on system level. 

When considering the false detection, the scenario is different for UL grants compared to DL assignments. For UL grants the problem of a false detection is that a UE will transmit an unnecessary PUSCH transmission. The most common case of false detection corresponds to unintended scheduling of a new transport block, where the UE will most likely transmit this PUSCH transmission with the maximum number of possible retransmission as it will not receive an ACK on PHICH, since the HARQ operation is synchronous on the UL.

Employing the method described in ‎[1], where the false detection probability is calculated by 
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and where K corresponds to the CRC length, M is the number of blind decodes (BD) the UE performs and L is the number of UEs receiving a weak signal. With the assumption of 400 active UEs RRC-CONNECTD UEs, 33% of the UEs having low SNR, 25% false reduction through virtual CRC, each UE performing 38 BD (6 BDs for DCI format 0 common search space, 16 BDs DCI format 0 UE specific search space and 16 BDs for new UE specific DCI format for UL MIMO) and only a single mapping between PUSCH and PDCCH. The false detection probability then becomes 0.0939 per UL CC. Although this approach is simplified, it shows that there appears to be no issue increasing the number of blind decodes from a false detection perspective for the UL. 

For DL assignments asynchronous HARQ is used, hence the UE will not continue and transmit several ACK/NAK responses as in the UL. So the impact of a false detection will not be as severe. Either the UE is active on multi CCs or on a single CC. In case the UE is active on a single CC it will use the same ACK/NAK resource as in Rel-8 and have the same number of blind decodes, hence we do not need to consider this scenario. In case the terminal is active on multiple CC it will need to decode higher number of blind decodes then a Rel-8 UE. For this scenario consideration needs to be taken for ACK/NAK feedback as the ACK/NAK feedback will be transmitted on a single CC. In case of a false detection of a PDCCH the UE will false transmit ACK/NAK feedback resulting in large inter and intra cell interference. It should, however be considered that not all UEs in the cell will have several CC active, instead it will only be those UEs that are currently being scheduled on multiple CC. This fact will consequently lower the number of false detections in the system. Considerations need also to be taken on how many UEs are using the same UL resource to feed back their ACK/NAK response. With the assumptions that the UE decodes 38 BDs per active DL CC (6 BDs for DCI format 1a common search space, 16 BDs DCI format 1a UE specific search space and 16 BDs a UE specific DCI format), 10% of the UEs active on multiple DL CCs, no DRX and otherwise the same assumptions as for the UL grants. The resulting false detection probability is according to Table 1.

Table 1: False detection probability for the DL
	Number of active DL CCs
	False detection probability

	1
	0.0075

	2
	0.0150

	3
	0.0224

	4
	0.0297

	5
	0.0370


For the DL, the impact of a false detection is not as severe as for the UL as the UL ACK/NAK resources is orthogonal within the cell. The main problem would be an increase in inter cell interference. Further which UL CC that is used to fed back the ACK/NAK response is UE specific which would imply also that a higher false detection probability can be tolerated on a system level.
Observation

· The main aspect with increasing the number of blind decodes for carrier aggregation and other Rel-10 feature is the UE complexity associated with an increase in the maximum number of blind decodes.
When studying methods to reduce the number of blind decodes the key aspect to consider is what scheduling flexibility the PDCCH design for Rel-10 will give. The main two aspects to consider are the PDCCH blocking probability and the PDCCH capacity. The PDCCH blocking results in that a certain UE cannot be scheduled although there are free PDCCH resources in the systems since the UEs search space is being blocked by other scheduling assignments or grants. The PDCCH capacity is the total number of available PDCCH resources in the system.

2.2 Scenarios for carrier aggregation

To address the UE complexity associated with an increase in blind decodes it is important to study in which scenario carrier aggregation should be utilized.

A high-end UE that supports high bit rates through contiguous or non-contiguous CA above 20 MHz spectrum, will support higher bit rates on PDSCH compared to a Rel-8 terminals, consequently its PDSCH processing power have been increased substantially. Such a UE could also support a corresponding increase in blind decoding processing, assuming that the processing power needed for decoding PDCCH is small compared to PDSCH. 

A Rel-10 UE only supporting contiguous CA within 20 MHz would have similar processing capacity as a Rel-8 UE in terms of bit rate on PDSCH and then associating such a UE with an huge increase in the number of blind decodes does not seem to be realistic. The main motivation for supporting contiguous CA within 20 MHz is heterogeneous networks. An operator would in such a scenario divide its existing frequency band in two CC as described in ‎[2].

Assuming that all Rel-10 UE categories should support at least aggregation of contiguous carriers within 20 MHz, the design of the total number of blind decodes should also reflect this aspect. Consequently the total number of blind decodes per supported 20 MHz should be at a similar level as in Rel-8. It should also be considered that the support of UL MIMO and non-contiguous RA, as well as a small increase in blind decodes should be acceptable given the technology enhancements since Rel-8. For aggregation of very small component carrier sizes, e.g. within 5 MHz + 1.4 MHz, the same limitation of number of blind decodes could be applicable per supported 10 MHz.

Proposal

· The total number of blind decodes per supported 20 MHz should be at a similar level as in Rel-8.

· The maximum number of blind decodes a UE support should at most correspond to a linear increase in possible aggregated 20 MHz bandwidths that the UE supports 
3 Conclusions

In this contribution we have analyzed the different scenarios to consider when limiting the number of blind decodes on PDCCH and have made the following observation

· The main aspect with increasing the number of blind decodes for carrier aggregation and other Rel-10 feature is the UE complexity associated with an increase in the maximum number of blind decodes.
We propose

· The total number of blind decodes per supported 20 MHz should be at a similar level as in Rel-8.

· The maximum number of blind decodes a UE support should at most correspond to a linear increase in possible aggregated 20 MHz bandwidths that the UE supports.
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