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1. Introduction

A problem to collide the C-RNTI across the serving cells has been addressed in Rel-13 CA enhancements [1]. This paper will investigate the possible problem.
2. Discussion
2.1
C-RNTI collision problem
In Rel-10 CA, a carrier-aggregating UE uses a common C-RNTI across its serving cells as shown in Fig. 1. The C-RNTI is then used to scramble its PDCCH and PDSCH resources in its serving cells. 
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Fig. 1
Allocating C-RNTI in Rel-10 CA
When one serving cell is additionally configured to a carrier-aggregating UE, its C-RNTI may have been already allocated to other UE connected to the new serving cell as in Fig. 2. As the number of the aggregated serving cells increases, the C-RNTI collision would happen more frequently. On the other hand, we assume that this problem can be mitigated under the network control. Accordingly, it has to be clarified whether the problem is really remarkable in practice.
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Fig. 2
A problematic scenario in C-RNTI allocation
Proposal 1: RAN2 to clarify if the C-RNTI collision problem is remarkable in practice.
If the problem is valid, we can then consider some possible solutions as next sub-section.
2.1
Avoiding the C-RNTI collision problem
· Using the cross-carrier scheduling 

In Rel-10 CA, the cross-carrier scheduling has been supported. With the cross-carrier scheduling, one serving cell can provide the scheduling information on PDSCH resources delivered over other serving cell. In the C-RNTI collision case as explained above, if the cross-carrier scheduling is applied to the SCell to be configured, the C-RNTI collision over PDCCH can be avoided as in Fig. 3 since the scheduling serving cell (SCell 5 in the figure) has been already using the common C-RNTI (C-RNTI 1) for the UE. 
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Fig. 3
Applying the cross-carrier scheduling to avoid the C-RNTI collision problem
One problem is to scramble both UEs’ PDSCH resources with the collided C-RNTI (C-RNTI 1) in the scheduled cell, i.e. one may consider it strange that the PDSCH resources for different UEs are scrambled with same C-RNTI. In practice, we see no problem with it. UE will anyway decode PDSCH according to PDCCH; there is no chance that UE decodes PDSCH destined to the other UE. Therefore, if it is allowed to use same C-RNTI by multiple UEs in scrambling PDSCH resources only, it can be a potential solution to use the cross-carrier scheduling because it results in no additional complexity and no specification impacts. 
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Fig. 4 C-RNTI collision over PDSCH in the scheduled cell
· Allowing to assign different C-RNTI for each serving cell
If C-RNTI collision happens upon a SCell addition, the network can assign a different C-RNTI for the new serving cell as shown in Fig. 5. One consideration is when configuring cross-carrier scheduling with this solution. It means that one serving cell may assign multiple C-RNTIs to a single UE for the multiple scheduled cells. In order to avoid wasting the C-RNTI resources, we can assume a requirement, e.g. to keep a common C-RNTI over PDCCH between the scheduling cell and the scheduled cell in the cross-carrier scheduling. 
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Fig. 5
Allowing to assign different C-RNTI for each serving cell
If C-RNTI collision problem is valid, we currently prefer to use the cross-carrier scheduling rather than allowing multiple C-RNTIs for a UE because it would result in no specification change at all. 
Proposal 2: If it is a critical problem, the cross-carrier scheduling is considered to avoid C-RNTI collision.
3. Conclusion
It is proposed that 
Proposal 1: RAN2 to clarify if the C-RNTI collision problem is remarkable in practice.
Proposal 2: If it is a critical problem, the cross-carrier scheduling is considered to avoid C-RNTI collision.
4. References

[1] R2-152428
Discussion on CA beyond 5CCs
NTT DOCOMO, INC.
[2] TS36.331
Radio Resource Control (RRC); Protocol specification (Release 12)
4

