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Discussion and decision

1
Introduction
In RAN1#60, the number of blind decoding attempts that must be supported by the UE per subframe was discussed, and following was agreed:
Agreements:

· 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

Topics left for further discussion included actual maximum number of blind decodes, dependency of the maximum number of blind decoding attempts on the UE categories as well as search space definitions.
In this contribution we provide our views on the maximum number of blind decoding attempts in Rel’10 from UE complexity perspective.
2
Number of blind decoding attempts
It was already agreed that the maximum number of blind decoding attempts corresponds to roughly a linear increase with respect to number of component carriers compared to Release 8/9 (i.e. at most Nx60). However, this number should also depend on the type of carrier aggregation, e.g. whether CA is non-contiguous or contiguous, and whether CA happens within 20 MHz or not. In this section we will address this aspect, as well as briefly also the maximum number of blind decoding attempts within a single component carrier. 
2.1
Number of BDs within a single component carrier

In Release 8 and 9 the number of blind decoding attempts is 44. In Rel’10, uplink MIMO as well as uplink non-contiguous transmission may introduce a need to add one more DCI format size to be searched for. With this, we get 60 blind decoding attempts in total for a single component carrier. While we think that this additional DCI format size could be also avoided [2], from UE complexity perspective supporting up to 60 blind decoding attempts per component carrier seems feasible , even though it does put more pressure on meeting the UE processing times due to additional blind decoding delay.

2.2
Number of BDs with carrier aggregation
For carrier aggregation it was agreed that the maximum number of blind decoding attempts will not exceed Nx60 even in case of cross-carrier scheduling. Given the above discussion on blind decoding within a single component carrier, in our view this would still preferably be limited to Nx44 as there does not seem to be any very strong reason to increase the number of DCI format sizes to three due to new uplink features. However, it is on the other hand noted that depending on the UE categorization and capabilities, even if a third DCI format is included for uplink features, it may be that uplink CA is not supported except in the highest UE categories. Hence even if a third DCI format is included, it may be that a typical DL CA -capable UE would need to support only 60+(N-1)x44 blind decoding attempts.
The above discussion holds for aggregation of adjacent component carriers where N essentially refers to the number of aggregated 20 MHz bandwidths. Then such a linear increase in the number of blind decoding attempts seems justified as the CA-capable UE anyway needs to support also a similar increase in turbo decoding; hence anyway either the UE clock speed would need to increase or alternatively, more hardware would need to be added. 
The case of aggregating non-adjacent component carriers with possibly <=20 MHz total bandwidth (e.g. 10 MHz + 10 MHz) on the other hand is not that clear as the same argumentation regarding the increase in turbo decoding is strictly speaking no longer necessarily valid. However, for this case, one likely implementation option is replicating the baseband hardware, in which case number of component carriers times 44 still seems like a feasible number of BDs.
Contiguous carrier aggregation within 20 MHz

There have been proposals on utilizing carrier aggregation for control channel ICIC purposes by allowing contiguous carrier aggregation also within 20 MHz bandwidth, for example with 2 x 10 MHz. Here, one would utilize cross-carrier scheduling from one CC to another, hence leaving some CCs free of PDCCHs. Question is, what should be the maximum number of blind decoding attempts in this case.
From the point of view of baseband processing capabilities, a UE capable of contiguous CA with bandwidth capability of maximum 20 MHz is similar to a Release 8/9 UE. In other words, there is no direct increase in the baseband processing capabilities due to the CA capability in this case. Hence, as also proposed in [1], our view is that the total number of blind decodes per supported contiguous 20 MHz should be kept at similar level compared to Release 8. 

Furthermore, we would like to highlight one aspect that needs to be carefully considered while discussing the implications of these CA-based ICIC schemes to blind decoding required from the UE, and hence to UE baseband processing capabilities. Now RAN#47 initiated a new Work Item on “Enhanced ICIC for non-CA based deployments of heterogeneous networks for LTE”, which will supposably lead to some schemes that can be utilized for ICIC in heterogeneous networks without carrier aggregation. Therefore, at this stage it is pre-mature to conclude anything on contiguous carrier aggregation within 20 MHz as it is not clear that such CA-based ICIC schemes will be anymore needed after this new WI. Hence, this issue should be postponed at least until RAN1 has clarified which ICIC schemes will be standardized for support of heterogeneous network deployments.
On the other hand, if CA-based ICIC solutions are still deemed to be needed, it seems that this CA use case could be supported with two component carriers at most, which reduces the upper bound for the number of blind decoding attempts to 2 x 44. Since cross-carrier scheduling is supposed to be utilized in this use case, an even  tighter upper bound would be 44+32=76 since the DCI formats in common search space do not carry CIF. The exact required number then depends on the DCI format sizes and search space definitions: Even though RAN1 agreed that transmission mode is not constrained to be the same on all component carriers, in this use case it seems sensible to assume that both the bandwidth and transmission mode are the same on the component carriers. Thus, the DCI format sizes would be the same and number of blind decoding attempts reduces to the issue of search space definitions for cross-CC scheduling (which we assume to be used in this use case). Allowing some (even full) overlap between the search spaces corresponding to different CCs, the number of blind decoding attempts can be kept roughly at Release 8/9 level.
Based on the discussion in this section, we have the following proposals:
Proposal: Keep the number of blind decoding attempts per each supported contiguous 20 MHz bandwidth roughly at the same level as without carrier aggregation.
Proposal: In case of carrier aggregation, the increase in the number of blind decoding attempts corresponds to a linear increase with respect to number of supported contiguous 20 MHz bandwidth components.
3
Conclusions

In this contribution we have discussed the number of blind decoding attempts in Rel’10 that are acceptable from UE complexity point of view. We have made following proposals:

Proposal: Keep the number of blind decoding attempts per each supported contiguous 20 MHz bandwidth roughly at the same level as without carrier aggregation.
Proposal: In case of carrier aggregation, the increase in the number of blind decoding attempts corresponds to a linear increase with respect to number of supported contiguous 20 MHz bandwidth components.
In addition we have emphasized that RAN1 might need to reconsider the need for CA-based ICIC schemes after the new WI on non-CA –based schemes has progressed. Therefore at this stage we propose not to set any additional requirements on UE blind decoding due to possible contiguous carrier aggregation within a 20 MHz bandwidth.
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