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1 Introduction
This contribution discusses the need for defining a “PDCCH monitoring set” which is an outstanding issue from the previous meeting.
RAN1#57bis:
Continue the discussion on the need to define additional subsets for monitoring the PDCCH or for more dynamically changing the component carrier subset. 
2 PDCCH monitoring set with cross carrier scheduling
The definition of the PDCCH monitoring set is UE-specific and in conjunction with the support of cross-carrier scheduling using the Carrier Indicator (CI). 
Figure 1 shows an example of carrier aggregation with cross carrier scheduling. The total DL transmission bandwidth consists of four component carriers (CCs), CC1 through CC4, and a UE is configured three CCs, CC1 through CC3, as its DL CC set. 
In Case 1 (left in Figure 1), the UE attempts to receive PDCCH from all configured CCs, meaning that the PDCCH monitoring set is not defined. On the other hand, the UE in Case 2 (right in Figure 1) is configured with one DL CC (CC1) for PDCCH reception, meaning that the PDCCH monitoring set for the UE consists of CC1. In both Case 1 and Case 2 in Figure 1, it is assumed that two PDCCHs are sent in DL CC1 to respectively schedule PDSCH transmissions on DL CC1 and DL CC3. Note that even if the PDCCH monitoring set is not defined explicitly, it can be implicitly obtained in some cases such as for example, in case the concept of “extension carrier” is adopted in LTE-A and all configured DL CCs without PDCCH are extension carriers (which are always assumed to not include PDCCH). 
Observations on some technical aspects for the example cases are given below:

Blind decoding (BD):

· Assuming the same PDCCH search space as in Rel-8 LTE in each DL CC a UE is configured, the number of blind decoding attempts increases proportionally with the number of CCs. 
· If the PDCCH monitoring set is defined as a subset of the DL CC set, then it is possible to reduce the number of blind decoding (BD) operations (if the search space is not increased). The amount of BD reduction depends on the difference between the size of DL CC set and the size of the PDCCH monitoring set. For example, in Figure 1, in Case 2 the UE performs BDs only on CC1 while in Case 1 the UE performs BDs on CC1 – CC3.
· Several contributions have considered methods to reduce the number of blind decoding operations with carrier aggregation in LTE-A [1, 2]. One proposed possibility is to give restriction on the PDCCH search space.
UE Power savings:

· Even with enabling a PDCCH monitoring set, the UE needs to buffer the REs in all CCs in the configured DL CC set (as they may contain PDSCH REs or CRS REs). As power savings mainly originate from the RF, the overall UE power saving gain obtained by defining the PDCCH monitoring set is marginal.
UE buffering:

· Buffering  for the starting few PDSCH OFDM symbols and over whole bandwidth of each CC is required at the UE receiver as the UE cannot know in advance (before decoding PDCCH) on which PRBs and on which CCs PDSCH transmissions are scheduled in the subframe. In addition, UE buffering for CRS REs on all CCs in its DL CC set is required as well. Therefore, the same amount of buffering is practically required both with and without cross-carrier scheduling and this does not depend on the introduction or not of the PDCCH monitoring set.
PDCCH blocking probability:
· With cross-carrier scheduling and the definition of a PDCCH monitoring set being a subset of the DL CC set a UE is configured, the PDCCH blocking probability will increase if the UE-search space and the PDCCH size are not expanded. Having cross carrier scheduling and PDCCH monitoring set motivates the need for PDCCH expansion [3]. 
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Figure 1: Carrier aggregation with cross carrier scheduling
Table 1 summarizes the analysis on the above exemplary cases in Figure 1.
Table 1: Summary analysis on the example in Figure 1
	
	w/o PDCCH monitoring set
(Case 1)
	w/ PDCCH monitoring set
(Case 2)

	Blind decoding

performed on…
	CC1 – CC3
	CC1

	UE power saving
against case1
	-
	marginal

	UE buffering

performed on…
	CC1 – CC3
	CC1 – CC3

	PDCCH blocking prob.

relative with case1
	-
	higher


3 Conclusions
This contribution discussed the need for defining a PDCCH monitoring set with respect to its impact on blind decoding operations, UE power savings, UE buffering requirements, and PDCCH blocking probability. The observations can be summarized as follows:
· The PDCCH monitoring set enables reducing the number of blind decoding operations as the UE is informed that it does not need to decode the PDCCH on each CC of its DL CC set.
· The PDCCH monitoring set does not offer UE power saving gains.

· The PDCCH monitoring set does not reduce UE buffering requirements.
· The PDCCH monitoring set causes higher PDCCH blocking probability.
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