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1 Introduction

This contribution follows up on the blind decodes aspects of our contribution on blind decodes and search space design for carrier aggregation during RAN WG1 #60bis meeting ‎[2]. During the same meeting the following was agreed

· The supported maximum number of blind decodes is X times the number of aggregated CCs supported by the UE 

· Note – this applies regardless of the maximum supported BW of the UE. 

Remaining issues is mainly how the blind decodes are utilized by the UE and how many blind decodes the UE supports. For this discussion it is important to consider in which scenario an increase in blind decodes is possible and which LTE Rel-10 features the UEs should support.
2 Number of blind decodes per component carrier

There are three features that need to be studied to reach a conclusion on what the number of supported blind decodes should be within LTE Rel-10: 

· Carrier aggregation,

· Uplink MIMO and 

· Non-contiguous resource allocation on PUSCH. 

For all these features it is important to study the UE complexities associated with an increase in blind decodes on PDCCH and compare it to other functionality within the feature. This is needed in order to determine if an increase in blind decodes on PDCCH is motivated or not for the feature.

If a UE only supports carrier aggregation and operates on a single component carrier, it is essentially behaving as a Rel-8/9 UE. Consequently the baseline of the maximum number of blind decodes for a single component carrier in Rel-10 should be 44.

Proposal 1:

· A UE that only supports carrier aggregation or has no Rel-10 feature configured, support a maximum number of 44 blind decodes for a single DL component carrier or a single pair of DL and UL component carrier.

2.1 Uplink MIMO

Uplink MIMO will require a new DCI format. It will not to be possible to reuse DCI format 0 as the new DCI format for UL MIMO since the number of available bits in DCI format 0 is not sufficient. Further, a UE that is configured for uplink MIMO should have the possibility to receive DCI format 0 and the new DCI format intended for uplink MIMO in the same subframe. This is needed because it should always be possible to communicate with the UE independent on whether it goes out of coverage of the new DCI format for uplink MIMO or whether there is switching between several uplink transmission modes. The reasons are similar to why a UE always monitors DCI format 1a in downlink for Rel-8/9.

There are two design possibilities for this new DCI format, either the uplink MIMO DCI format size is aligned with an existing DCI format that the UE monitors or a new DCI format size is created. Setting the uplink MIMO DCI format to the same size as an existing DCI format implies that it should be aligned in size with the DCI format that is associated with the DL transmission mode that the UE is currently configured in. This will potentially also require changing the DL transmission mode DCI formats to introduce some form of flag bit. Given that uplink MIMO as a feature requires several transmit antennas and several transmission chains at the UE, this seems to be an unnecessary complex solution and will potentially not function in all scenarios, i.e. in all DL transmission modes or when the uplink bandwidth is larger than the downlink bandwidth. Instead it would be beneficial to introduce transmission modes in the uplink that would be similar to the DL transmission modes without creating any linkage between the transmission mode in UL and the transmission mode in the DL. This would imply that a new DCI format is created, which the UE only listens to on the UE specific search space on PDCCH. This will result in 16 additional blind decodes per uplink component carrier configured with uplink MIMO to handle, which if the whole uplink MIMO feature is taken into account, would not be significant from a UE complexity perspective.
Proposal 2:

· Uplink MIMO should be supported by introducing a transmission mode in the UL with a new DCI format that is only transmitted in the UE specific search space on PDCCH and is not bit aligned to any DCI format.

2.2 Non-contiguous resource allocation on PUSCH

Non-contiguous resource allocation on PUSCH should be supported by all UEs otherwise there will be no benefit with the feature from a network perspective. As the feature should be mandatory for all UE categories an increase in blind decodes can not be accepted, since there will significant impact on UE complexity associated with it. Evaluations of non-contiguous resource allocation on PUSCH have been presented in many contributions in past RAN WG1 meetings, given the back-off values in ‎[3] together with a realistic channel estimator on the DM-RS, there will not be any significant gain by going beyond 2 clusters. A design of DCI formats supporting only 2 clusters has been presented in ‎[4], ‎[5], ‎[6] and ‎[1] which does not result in any extra blind decodes, although other designs are possible as well.

Proposal 3:

· Non-contiguous resource allocations should not require any additional blind decodes on PDCCH compared to contiguous resource allocations.

2.3 Utilization of blind decodes

A Rel-10 UE capable of carrier aggregation but configured for a single component carrier without UL MIMO, i.e. essentially operating in Rel-8 mode, should have a similar power consumption as a Rel-8 UE. RAN2 has previously agreed to support MAC PDU ordered activation/deactivation of component carriers. In the case when CIF is not configured the PDCCH and corresponding PDSCH/PUSCH will be deactivated. If no other mechanism is standardized this implies that a UE operating on a single DL component carrier or a pair of DL and UL component carrier will have 44 blind decodes. In the case that a UE supports UL MIMO on a certain component carrier it has 16 additional blind decodes for that UL component carrier to perform. Note that there is also discussion in RAN2 on having an explicit activation/deactivation for the UL. 

The same approach can easily be extended if CIF is configured. There are two main UE specific search space designs in case CIF is configured. Either a larger UE specific search compared to Rel-8 is standardized or an independent UE specific search space per component carrier is standardized. For the approach with an independent UE specific search space per component carrier, the UE specific search space connected to a certain CC is activated/deactivated together with its linked component carrier. A similar approach is possible if there is a single large UE specific search, then the number of candidates that the UE uses is adjusted with activating/deactivating CCs.

Proposal 4:

· The number of utilized blind decodes is 44 times the number of active DL component carriers or pairs of DL and UL component carriers in case the UE does not support or is not configured for UL MIMO on the associated UL component carrier.
· The number of utilized blind decodes is 60 times the number of active  pairs of DL and UL component carriers in case the UE is configured for UL MIMO on the associated UL component carrier.
3 Conclusion

In this contribution we discuss how the number of blind decodes supported by the UE relates to the different features that are part of LTE Rel-10. Based on the discussion we propose the following:

· A UE that only supports carrier aggregation, supports a maximum number of 44 blind decodes for a single DL component carrier or a single pair of DL and UL component carrier.
· Uplink MIMO should be supported by introducing a transmission mode in the UL with a new DCI format that is only transmitted in the UE specific search space on PDCCH and is not bit aligned to any DCI format.

· Non-contiguous resource allocations should not require any additional blind decodes on PDCCH compared to the corresponding contiguous resource allocation case.

· The number of utilized blind decodes is 44 times the number of active DL component carriers or pairs of DL and UL component carriers in case the UE does not support or is not configured for UL MIMO on the associated UL component carrier.
· The number of utilized blind decodes is 60 times the number of active  pairs of DL and UL component carriers in case the UE is configured for UL MIMO on the associated UL component carrier.
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