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1
Introduction

At RAN1#80bis [1] the issue of cross-carrier scheduling has been discussed and the following related agreement could be achieved:

Agreements:
· Keep the Rel. 10 CIF size of 3bits in the DCI (for a carrier-specific grant)
· Rel. 13 CA enabling to address 8 cells with the 3bit CIF

· FFS: Mapping of ServingCellID to CIF for a scheduling cell

· FFS: USS definition and relation to CIF

As can be seen, the mapping of ServingCellID to CIF for a scheduling cell is still open, as marked in yellow above as FFS point. In this contribution we discuss different options on the ServingCellID to CIF mapping. 
2
ServingCellID to CIF mapping
As previously discussed in [2], two slightly different approaches in the ServingCellID to CIF mapping can and have been considered. 
Option 1: Define cell groups containing up to 8 CCs

This alternative discussed e.g. in [3], the eNB would configure up to 4 cells groups each containing up to 8 CCs. Each cell group could then have separate ServingCellIDs within the group, i.e. the serving cell IDs would be group specific. 

This would enable a cross-carrier scheduling definition within the group – i.e. the Rel. 10 x-scheduling operation would be independently operating within each group. This would mean that a cell belonging to a certain group cannot be x-scheduled from a cell belonging to another group. 

The effect on the RAN1 specifications with this solution would be rather minor, as neither the DL control nor the USS definition would need to be changed; just the ServingCellID in the RAN1 specs would need to be replaced by the relevant ServingCellID_group or similar. Basically, as part of the carrier aggregation configuration for each configured CC some Cross_carrier_Group_ID (2bits in case of up to 4 groups) or similar and a ServingCellID_group (3 bits) or similar that basically gives the related to the CIF would need to be added.
For Option 1, the Rel. 10 motivation for having a general ServingCellID would be in some sense lost. Moreover, there is a need to define additional cross-carrier scheduling groups in addition the already existing groups for MTAG and PUCCH groups. Having an additional group definition just for the sake of cross-carrier scheduling will not make the interaction with potential group definitions for other purposes easier (aka how these different groups for different purposes would be working together/interact). 

Option 2: Create a scheduling carrier specific CIF definition
In contribution [4], there is the idea presented to make the serving cell indicated by a code point dependent on the scheduling cell. Therefore, it would be possible to define the CIF only in terms of the serving cells it needs to schedule – i.e. CIF is related to ServingCellIDs{scheduling_cell} and only some mapping between the CIF value of the scheduling carrier and the list of ServingCellIDs of that scheduling carrier will need to be created. The mapping could be either implicitly (i.e. through some rules) or explicitly through higher layer configuration. 

For Option 2, the ServingCellID interpretation could remain unchanged compared to Rel. 10 – meaning up to 32 different ServingCellIDs would be possible for up to 32 carriers, since it is anyway needed from higher layer point of view e.g. for measurement and report.

For this alternative, the same CIF value of different scheduling cells would point to different ServingCellIDs, as they would be scheduling carrier specific. The main changes foreseen here from RAN1 point of view are related to the CIF definitions in 36.213. In case of implicit mapping would be preferred, the mapping of the list of ServingCellIDs{scheduling_cell} to CIF{scheduling_cell} would need to be defined. In case of higher layer configuration, the new scheduling cell specific parameter would need to be replacing the ServingCellID in the CIF definition of the RAN1 specifications. The higher layer configuration could just simply add a 3bit CIF or similar to the configuration for each carrier configured for cross-carrier scheduling. The cells configured from the same scheduling cell (i.e. schedulingcellID) are implicitly in the same x-scheduling group without the need to define and introduce any new groups on higher layers.
In contrast to Option 1, there is no need for some group definition and no specific group maintenance – which is clearly seems to have some merits over Option 1. Option 2 is also more aligned with legacy configuration signalling for x-scheduling. It is already possible in Rel-10~12 to have more than one serving cell acting as scheduling cell, one-to-one mapping between the scheduling cells and scheduled cells are separately configured. Moreover, with Option 2 there is no restriction on the number of scheduling cells to be configured for cross-carrier scheduling as not any type of higher layer grouping and related scheduling cell linkage of groups is needed. 

Trying to summarize here, both options basically provide the same functionalities and also from higher layer signalling point of view they are not too different either (2+3=5bits for Option 1 vs. 3bit for Option 2). Option 2 does not need any additional unnecessary group definition and related maintenance. Moreover, there is no restriction on the number of scheduling cells that can be configured for Option 2, whereas in Option 1 the maximum number of groups might impose some related limitations. Therefore, Option 2 seems to be the simpler way to introduce the required functionalities to support cross-carrier scheduling with 3bit CIF.

Proposal: Adopt a higher-layer configurable scheduling carrier specific CIF definition in order to provide the mapping of ServingCellID to CIF for a scheduling cell. Signaling details are for FFS in RAN2.

3 Conclusions
In this contribution, we discuss the ServingCellID to CIF mapping for cross-carrier scheduling of CA up to 32CCs. The discussions in this contribution can be simply summarized in the following proposal: 

Proposal: Adopt a higher-layer configurable scheduling carrier specific CIF definition in order to provide the mapping of ServingCellID to CIF for a scheduling cell. Signaling details are for FFS in RAN2.
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