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1 Introduction
In RAN1#59 [1], the issue of increase in the total number of blind decodes as a result of cross-carrier scheduling was discussed. It was agreed that there is to be an upper limit on the total number of blind decodes. Furthermore, it is FFS that:

“Upper limit on total number of blind decodes = N x ?.”
In our understanding, there is a common understanding that the number of blind decodes should be limited to a linear increase with the number of component carriers (CCs), although the method to achieve this goal remains an open issue. In this contribution, we discuss the impact of cross-carrier scheduling on PDCCH blind decoding and propose a simple method to reduce the impact.
2 Impact of cross carrier scheduling on blind decoding 
In Rel-10, it is likely that the number of blind decodes required to be performed by the UE for a single carrier will increase. For example, as mentioned in a few contributions, e.g. [4]
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[5], the DCI format for UL MIMO is likely to have a different payload size than DCI format 0 and it is foreseen that the UE configured with UL MIMO will be required to detect both formats in a subframe. Assuming the new DCI format is only transmitted in the UE-specific search space, the maximum number of blind decodes increases from 44 to 44+16 = 60 
.
With carrier aggregation but without cross carrier scheduling, the total number of blind decodes gets multiplied by the number of CCs that the UE may be required to monitor. With a total of 5 CCs defined by RAN4, there is a total of 60 x 5 = 300 blind decodes to be performed by the UE.

With carrier aggregation and cross-carrier scheduling, the total number of blind decodes may increase even further due to the possibility of different bandwidth for each CC as well as the possibility to independently configure the bandwidth and the transmission mode of each CC. 
Let’s assume the worst case of each CC having different bandwidth and/or each being configured a different transmission mode. Let’s further assume that cross-carrier scheduling is only possible for DCI formats in UE-specific search space. It can be shown that the increase in the maximum number of blind decodes is quadratic in N. In fact, the worst case total number of blind decodes can be determined as 48N2 + 12N, where N is the total number of CCs (see Table 2‑1). With N=5, the total number of blind decodes can be as high as 1260. In addition, the PDCCH false detection probability will also increase. In our view, this is clearly undesirable. We share the same view with many companies, e.g. [3] that the total number of blind decodes should be limited to a linear increase with N.

Table 2‑1: Max number of blind decodes with the current working assumption
	
	Single carrier
	Carrier aggregation without cross-carrier scheduling
	Carrier aggregation with cross-carrier scheduling

	Max number of blind decodes in UE specific search spaces 
	48
	48N
	48NxN

	Max number of blind decodes in common search spaces 
	12
	12N
	12N 
 

	Total
	60
	60N
	48N2 + 12N


3 Solution
There are several options that have been proposed so far to minimize the impact of cross carrier scheduling on the blind decoding [6]
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[7]
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[8]. In our view, the problem really originates from the excessive flexibility in cross-carrier scheduling under the current working assumption; hence the simplest method to resolve this issue is to examine if the present flexibility in cross carrier scheduling is really required and if not, eliminate unnecessary possibilities. To this end, we define:
· Host CC: The CC which can be used for transmission of the PDCCHs of other CC(s) and its own PDCCHs.

· Client CC: The CC of which its PDCCHs can be transmitted on a host CC.

· Normal CC: The CC which is used to transmit all of its own PDCCHs and only its own PDCCHs (same principle as in LTE Rel-8)

Note that we have assumed that cross-carrier scheduling needs not be applied to all carriers in a UE’s DL CC set. The configuration of host CC, client CC and normal CC is UE-specific, and there can be multiple host CCs, client CCs and normal CCs for the same UE. We propose to adopt the following rules for cross-carrier scheduling. From a particular UE’s point of view:
1. No PDCCH for the UE is expected to be transmitted in a client CC.

2. A host CC can be associated with multiple client CCs but a client CC can only be associated with one host CC.
Similar proposal was also mentioned in [8]. It is our understanding that the target usage of the cross-carrier scheduling is to ensure reliable PDCCH transmission for a client CC in case the interference level experienced by the client CC renders its own control region unreliable. Therefore, little or no loss is expected as a result of adopting the first rule.
The option that has been eliminated as a result of the second rule is association of a client CC to multiple host CCs. The impact can be an increase in PDCCH blocking probability since the PDCCH load of the client CC can not be shared among multiple host CCs. However, the extent of this impact is not expected to be serious since the configuration of host CCs and client CCs are UE-specific. In the worst case that all UEs are configured with the same client CC, the load of their PDCCHs can still be distributed to multiple CCs through configuration of different host CCs for each or different group of UEs.
It is easy to verify that by adopting the rule, the number of blind decodes is limited to a linear increase with the number of CCs (see Table 3‑1).
Table 3‑1: Max number of blind decodes with our proposal

	
	Carrier aggregation with cross carrier scheduling

	Max number of blind decodes in UE specific search spaces
	48N

	Max number of blind decodes in common search spaces
	12M, where M (<N) is the number of host CCs and normal CCs b
 

	Total
	48N + 12M


Note that the set of host CC(s) and normal CC(s) are effectively the “PDCCH monitoring set” as the UE is only required to monitor the PDCCHs in host CC(s) and normal CC(s). 
4 Conclusions
It is desirable to reduce the impact of cross-carrier scheduling on the total number of PDCCH blind decoding. In particular, the number of blind decodes should be limited to a linear increase with the number of CCs. To this end, we define:

· Host CC: The CC which can be used for transmission of the PDCCHs of other CC(s) and its own PDCCHs.

· Client CC: The CC of which its PDCCHs can be transmitted on a host CC.

· Normal CC: The CC which is used to transmit all of its own PDCCHs and only its own PDCCHs (same principle as in LTE Rel-8)

The configuration of host CC and client CC is UE-specific, and there can be multiple host CCs and client CCs. We propose to adopt the following rules for cross-carrier scheduling. From a particular UE’s point of view:

1. No PDCCH for the UE is expected to be transmitted in a client CC.

2. A host CC can be associated with a multiple client CC but a client CC can only be associated with one host CC.

It is easy to verify that by adopting the rule, the number of blind decodes is limited to a linear increase with the number of CCs. Finally, we note that the set of host CC(s) and normal CC(s) are effectively the “PDCCH monitoring set” as the UE is only required to monitor the PDCCHs in host CC(s) and normal CC(s).
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� There may be more new DCI formats defined in Rel-10, e.g. to support non-contiguous uplink resource allocation. But we shall only assume one new DCI format to support UL MIMO in this paper.


� We assume that cross-carrier scheduling is applicable to DCI formats in UE-specific search spaces only.





