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1 Introduction

In RAN1#81, the following agreement was made on DL control signaling for CA with up to 32 CCs [1]: 
Agreements:
· One to one mapping of ServingCellID to CIF for a cross-carrier scheduled cell by one scheduling cell is supported
·  Explicit configuration of ServingCelllID to CIF relation is prefered by RAN1
·  Higher layer signaling details are up to RAN2
This contribution discusses RAN1/2 specification and signaling aspects for explicit configuration of ServingCellID to CIF.
2 RAN1/2 specification
In RAN2#90, the relevant agreements regarding DL control signaling were made for Rel-13 CA [2]: 

	Agreements
1
Keep the current maximum number of MeasId of 64.

2
Increase the current maximum number of MeasObjectId to 64.

3
Increase the current maximum value of SCellIndex and ServCellIndex to 31 in RRC (use in the MAC CE is FFS)

4
As baseline keep the current maximum value of stag-Id of 3. 


	Agreements
1
The CIF for the scheduled cell is configured explicitly


First, we discuss the details of RAN1/RAN2 specifications for cross-carrier scheduling depending on agreements from RAN1 and RAN2.

In 36.331 [3], RRC configuration to perform cross-carrier scheduling in Rel-12 CA is specified in CrossCarrierSchedulingConfig as follows:

	-- ASN1START

CrossCarrierSchedulingConfig-r10 ::=

SEQUENCE {


schedulingCellInfo-r10



CHOICE {



own-r10







SEQUENCE {




-- No cross carrier scheduling




cif-Presence-r10





BOOLEAN


},


other-r10







SEQUENCE {




-- Cross carrier scheduling




schedulingCellId-r10



ServCellIndex-r10,



pdsch-Start-r10





INTEGER (1..4)



}

}
}

-- ASN1STOP


As shown in CrossCarrierSchedulingConfig for Rel-12 CA, if a UE is configured with more than one serving cell, configuration information for scheduling of the serving cells includes a serving cell index of a scheduling cell with (E)PDCCH. Then, to support explicit configuration of the CIF for a scheduled cell in Rel-13 CA according to agreements in RAN1 and RAN2, a CIF value can be additionally added in other-r10 of CrossCarrierSchedulingConfig that consists of schedulingCellId-r10 and pdsch-Start-r10. It means that the CIF value is applied for the scheduled cell when the UE monitors (E)PDCCH on the scheduling cell with schedulingCellId-r10 in CrossCarrierSchedulingConfig. Of course, the detailed name is up to RAN2.
Proposal 1: A CIF value for a serving cell is added in other-r10 of CrossCarrierSchedulingConfig. The detailed name is up to RAN2.
On the other hand, in section 9.1.1 of 36.213 [4], there exists a statement on a relation between a CIF and ServingCellID.
	…
Note that the carrier indicator field value is the same as ServCellIndex given in [11].
…


As shown in the above, the current sentence is for implicit mapping between ServingCellID and a CIF. Then, it should be limited only to Rel-12 UEs where at most 5 carriers can be configured for CA. For Rel-13 CA UEs with up to 32 carriers, a sentence like “For Rel-13 UEs, the carrier indicator field value is indicated by higher layer signaling” is included.
Proposal 2: “the carrier indicator field value is the same as ServCellIndex” should be for Rel-12 UEs. For Rel-13 UEs, “the carrier indicator field value is indicated by higher layer signaling” is included.
3 Cross-carrier signaling for Rel-13 UEs
When cross-carrier scheduling is performed for Rel-13 UEs, explicit signaling is supported for CIF. An aspect to be discussed is whether Rel-13 signaling is applied for a Rel-13 UE which support more than 5 cells when the number of configured cells for the UE is at most 5.
There are three possible alternatives. First alternative is that depending on the number of configured cells to a Rel-13 UE, the use of Rel-13 signaling is determined. That is, Rel-12 signaling for CIF is applied for up to 5 cells while Rel-13 signaling for CIF is applied for more than 5 cells. In this alternative, “the carrier indicator field value is the same as ServCellIndex” can apply for a Rel-13 UE only when the number of configured cells is up to 5. On the other hand, as shown in Figure 1, the issue is that when the number of configured cells to the Rel-13 UE is more than 5, there may exist mixed situations where CIFs are implicitly mapped for some scheduled cells while CIFs are explicitly mapped for another scheduled cells at the same time in terms of one UE perspective and then it can make an eNB’s scheduling complicated.
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Figure 1: A mixed situation for cross-carrier scheduling in alternative 1.
In addition, if a cell with a serving cell index larger than 5 is configured to a Rel-13 UE when the number of configured cells for the UE is less than 5, the cell cannot be cross-carrier scheduled by the legacy way as shown in Figure 2.
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Figure 2: Another problem in alternative 1.
Second alternative is to use always Rel-13 signaling for a Rel-13 UE regardless of the number of configured cells to the Rel-13 UE. Then, for the Rel-13 UE, the carrier indicator field value is always indicated by higher layer signaling and then, an eNB can configure separate signaling for different release UEs when cross-carrier scheduling is applied for both UEs. That is, implicit signaling for legacy UEs while explicit signaling for Rel-13 UEs. In this alternative, there does not exist mixed situations between implicit and explicit signaling in terms of one UE perspective. In addition, the explicit signaling can support well when a cell of a serving cell index larger than 5 is configured to a Rel-13 UE even if the number of configured cells for the UE is less than 5. The last alternative is to give a freedom for an eNB whether to use implicit signaling or explicit signaling. Thus, the eNB can configure a proper signaling to a Rel-13 UE depending on the number of configured cells and serving cell indices of the cells. Taking into account scheduler complexity in the eNB, it is slightly preferred to use always Rel-13 signaling for a Rel-13 UE regardless of the number of configured cells to the UE.
Proposal 3: Rel-13 signaling for cross-carrier scheduling is always applied for a Rel-13 UE regardless of the number of configured cells to the UE.
4 Conclusions 
This contribution discussed remaining issues to support cross-carrier scheduling by the explicit configuration in CA with up to 32 CCs and proposes the following depending on discussion in the contribution:
Proposal 1: A CIF value for a serving cell is added in other-r10 of CrossCarrierSchedulingConfig. The detailed name is up to RAN2.
Proposal 2: “the carrier indicator field value is the same as ServCellIndex” should be for Rel-12 UEs. For Rel-13 UEs, “the carrier indicator field value is indicated by higher layer signaling” is included.
Proposal 3: Rel-13 signaling for cross-carrier scheduling is always applied for a Rel-13 UE regardless of the number of configured cells to the UE.
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