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1
Introduction
At the RAN1#59 meeting it was decided that for LTE-A support of cross-carrier control DL and UL assignments would be conveyed by single carrier DCI format(s) with an additional carrier indicator field (CIF) of 3 bits. The carrier indication is used to explicitly state for which carrier the assignment is intended. 
In this document we discuss the impact of the carrier indicator to the blind decoding and techniques that can be used to limit the number of blind decodes and false alarm probability.
2 PDCCH with Carrier Indication
DL and UL assignments for each component carrier are based on DCI format(s) for single carrier with an additional carrier indicator field of 0 or 3 bits.

In case of 0 bits for carrier indication, there is no carrier indication, and it is assumed that the assignment is intended for the DL carrier it is transmitted on (DL assignment) or the uniquely paired UL carrier (UL assignment).  This operation mode can be envisioned in homogeneous network deployments and symmetric DL/UL carrier configurations or when number of DL carriers is larger than the number of UL carriers.

Additional 3 bits in the assignment DCI are needed in the asymmetric DL/UL carrier configuration (at least for the case when one DL carrier is paired with multiple UL carriers), and for heterogeneous network deployments, where the cross-carrier operation provides improved control reliability and enables advanced inter-cell interference coordination (ICIC) [1].

2.1
PDCCH Monitoring Set

At the RAN1#59 meeting it was decided that if specified, a PDCCH monitoring set would have the following attributes:

· A set of DL CCs on which the UE is required to monitor the PDCCH 

· Size is less than or equal to the size of the UE DL CC set and comprises only CCs that are in the UE DL CC set

· Updating of PDCCH Monitoring Set (how dynamic) requires further study.

In heterogeneous network deployments, there may be carriers with completely unreliable PDCCH. Attempting any decoding of PDCCH on such carriers is wasteful. Having the PDCCH monitoring set would enable avoiding wasteful decoding by placing those carriers outside of the PDCCH monitoring set. In addition, depending on the search space design, PDCCH monitoring set may also help reduce the blind decoding requirements and false alarm probability. 

2.2
Search Space and Blind Decoding

2.2.1
 Max Number of Blind Decodes

As discussed in [2], it was recognized that the carrier indicator can be present in the DCI formats used for the UE specific purposes only (CRC scrambled by C-RNTI/SPS C-RNTI), while DCI formats should not contain the carrier indicator field when used for common purposes (CRC scrambled by SI/P/RA-RNTI and TPC-PUCCH-RNTI/TPC-PUSCH-RNTI).
In UE specific search space, in scenarios where carriers have different modes of operation or bandwidths and the cross-carrier operation assumes that all configured carriers can be addressed from all carriers and all carriers are monitored for assignments, the number of blind decodes is N*N*Dsc, where N is the number of configured carriers and Dsc is the number of blind decodes in the UE specific search space for a single carrier. This is a potential significant increase in number of blind decodes and false alarm probability. We believe it is necessary to restrict the maximum number of blind decodes in UE specific search space when cross-carrier control operation is enabled to N*Dsc, as that would be equivalent to the blind decoding requirements for N carriers without the cross-carrier control operation. 
Therefore, overall maximum number of blind decodes including both UE specific and common search space should be approximately N*(maximum number of blind decodes on a single carrier), e.g. it should linearly increase with the number of configured carriers,  allowing for few additional decodes in UE common search space, as mentioned above.
2.2.2 
UE-Specific Search Space Design

When cross-carrier signalling is enabled, at least one component carrier needs to carry PDCCH scheduling PDSCH and PUSCH transmissions for two or more component carriers (denoted as M). It is noted that in LTE Rel-8, the number of PDCCH decoding candidates in the UE specific search space is up to {6, 6, 2, 2} for PDCCH CCE aggregation levels {1, 2, 4, 8}, respectively. If the same single LTE Rel-8 search space design is kept without any change on the component carrier enabling cross-carrier PDCCH signalling for a UE, the UE may not have enough number of PDCCH decoding candidates addressing all the M component carriers simultaneously, especially when M is large. In addition, the UE is more likely to be blocked by other UEs having partially or completely overlapped search spaces.
In order to address the dimensional limitations and the increased scheduling blocking probability, it is necessary to expand the LTE Rel-8 search space design for the component carriers carrying cross-carrier control signalling. 
It is noted that regardless of the number of component carriers configured for a UE, the UE is only assigned with a single C-RNTI. For any CC carrying PDCCH, regardless of whether cross-carrier signalling is enabled or not, this CC has to have its own UE-specific search space. In order to maximize the reuse of the LTE Rel-8 UE-specific search space design, we propose that for any CC carrying PDCCH, the starting CCE indices for all the aggregation levels in its own UE-specific search space follow the same LTE Rel-8 design.

In order to simplify the search space expansion to support cross-carrier control signalling, an offset can be introduced for each additional CC. This is illustrated in Figure 1, where CC m carries PDCCH signalling for itself, CC j and CC k. The starting CCE indices for CC m are derived based on LTE Rel-8. The starting CCE indices for other CCs (j and k in the example) are specified via some offsets relative to those for CC m. These offsets can be random, layer 3 configured or hard-coded. Details are FFS. 
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Figure 1 Illustration of Expanded Search Space Design

3
Summary 
In this document we discussed the impact of carrier indicator to the blind decoding and techniques that can be used to limit the number of blind decodes and false alarm probability.

It was recognized that an unrestricted cross-carrier operation entails a possibly significant increase in number of blind decodes and false alarm probability, and that, hence, the number of blind decodes has to be limited. 
Based on the conclusions, we propose the following:

· Restrict the maximum overall number of blind decodes across carriers to approximately N*Dsc, where N is the number of configured/UE capable carriers and Dsc is the number of blind decodes for single CC operation

· Define and utilize a UE PDCCH monitoring set as the subset of configured carriers for PDCCH monitoring. Only the carriers from the PDCCH monitoring set carry assignments for the UE. 
· For CCs supporting cross-carrier signalling, the Rel-8 search space should be expanded. For any CC carrying PDCCH, the starting CCE indices for all the aggregation levels corresponding to its own UE-specific search space follow the same LTE Rel-8 design. For a CC carrying cross-carrier PDCCH, search spaces for other CCs can be specified relative to the given CC via some offsets, with the details FFS.
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