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1
Introduction
At the RAN1#60bis meeting it was decided that for LTE-A carrier aggregation (CA) the number of blind decodes blind decodes is X times the number of aggregated component carriers (CCs) supported by the UE. In addition, starting points for discussion on search space design in case of cross-scheduling are defined.

In this document, we address remaining details on the number of blind decodes, PDCCH monitoring set, and propose UE specific search space design.
2
Search Space and Blind Decoding

2.1
 Max Number of Blind Decodes

At the RAN1 #60bis meeting it was decided that the supported maximum number of blind decodes is X times the number of aggregated CCs supported by the UE. The aim of the agreement was to have a linear increase of the number of blind decodes with the number of CCs. 
The remaining questions are associated to the maximum number of blind decodes for a single carrier operation, primarily in relation to the new operation modes for UL, and the interpretation of the maximum number of blind decodes with respect to the number of active/configured/supported CCs.

We think that the maximum number of blind decodes for single carrier operation should be kept to 44, following the Rel-8 specification. The details of how to support Rel-10 UL features with this assumption are provided in [1].

In the following discussion, we consider two notions:

· The actual number of blind decodes that a UE with specific UL/DL configuration of NUL and NDL activated CCs performs
· The number of supported blind decodes by a UE based on its capability.

The actual number of blind decodes that a UE with specific UL/DL configuration of NUL and NDL activated CCs would perform is
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where Li represents the number of search spaces that can be used for the ith PDSCH/PUSCH grant, numbers 32 and 12 represent the number of blind decodes in UE specific search space and UE common search space, respectively, as defined in Rel-8, and C is the number representing the case where the common search space is used for a subset of CCs only (e.g. UE does not decode common search space on PDCCH unreliable CCs).
Note that Li is equal to 1 if scheduling from only one of the search spaces is imposed or a multiple search spaces are shared for the PDSCHs/PUSCHs with the same bandwidth/Tx mode.  Li is greater than 1 in case more than one search space can be used/shared for scheduling the ith PDSCH/PUSCH.
The number of supported blind decodes by a UE depends on its capability. If UE is capable of supporting M CCs, The number of blind decodes it can support is Mx44.

Table 1 shows the percentage of used UE capability for blind decoding in case of single search space per PDSCH/PUSCH, y= NDL, NUL ≤ NDL, and different values of M (number of CCs supported by UE capability).  It can be seen that in many cases when number of activated DL CCs is smaller than the number of supported CCs as per UE category, the blind decoding capabilities are largely unutilized. On the other hand, those resources that are readily available at the UE can be utilized up to the extent of the UE capability by allowing more than one search space to be used/shared for scheduling the a PDSCH/PUSCH. This would enable additional scheduling flexibility and possibly smaller blocking probability in the search spaces. 
Table 1: Percentage of used capability for blind decoding for single search space per PDSCH/PUSCH as a function of number of supported CCs (M) and number of activated DL CCs (NDL); y= NDL, NUL ≤ NDL
	                 M

NDL
	1
	2
	3
	4
	5

	1
	100%
	50%
	33%
	25%
	20%

	2
	x
	100%
	66%
	50%
	40%

	3
	x
	x
	100%
	75%
	60%

	4
	x
	x
	x
	100%
	80%

	5
	x
	x
	x
	x
	100%


Therefore, we think that the maximum number of blind decodes performed by a UE at any subframe should be limited by the UE capability, i.e. MxX, where M is the number of UE supported CCs and X is the maximum number of blind decodes for a single carrier operation. 
To take advantage of the available UE computational power, it should be allowed that more than one search space can be used/shared for scheduling a PDSCH/PUSCH. As mentioned before, this can enable additional scheduling flexibility and possibly smaller blocking probability in the search spaces as compared to constraining the maximum number of blind decodes. 
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 needs 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

2.3
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 [2], 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. 
3
Summary 
In this document, we addressed the remaining details on the number of blind decodes, PDCCH monitoring set, and proposed UE specific search space design.
Based on the discussion, we propose the following:

· The maximum number of blind decodes for a single carrier operation is 44, following the Rel-8 specification

· The maximum overall number of blind decodes across carriers is M*X, where M is the number of UE supported carriers as defined by its capability, and X is the number of blind decodes for single CC operation
· It is allowed that more than one search space can be used/shared for scheduling of a PDSCH/PUSCH

· 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 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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