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1. Introduction
In Rel-10, it was agreed that UE uses the same C-RNTI for all the aggregated cells. In this contribution, we address a C-RNTI problem regarding the increased number of CCs. 
2. Discussion
2.1. Discussion in Rel-10
Before addressing the detail of the discussion, it is worth reviewing the RAN2 discussion in Rel-10. In Rel-10, RAN2 discussed how to handle the C-RNTI for CA [1][2][3][4][5]. As the solution, following options are raised and their pros and cons were analysed:
Option1) Common C-RNTI

UE is allocated one common C-RNTI used for all the serving cells.
· Pros: Simple solution
· Cons: The system capacity is limited by the number of C-RNTI. NW needs to manage C-RNTI over multiple serving cells.
Option2) Multiple C-RNTI
UE is allocated more than one C-RNTIs, each one corresponding to a CC. 
· Pros: Provides the finest allocation granularity and consumes C-RNTI resources in the most economical way.
· Cons: UE will be more complex due to maintenance of more than one C-RNTI
Although several companies indicated concern with Option1 for its management, majority supported Option1. Finally, RAN2 agreed to go with Option1. 
2.2. C-RNTI problem in increased number of CCs
In Rel-13, 3GPP is investigating to increase the number of CCs up to 32. Based on the common C-RNTI management, it is assumed when eNB assigns a C-RNTI to a UE, it reserves the same C-RNTI in other 31 cells. In that case, the maximum number of the UEs which can be accommodated in a cell will be limited by 2000 in average considering the possible C-RNTI range (0-65535) and 32 carriers. Such number may be sufficient considering the use case of smartphone. On the other hand, as 3GPP has been working on MTC enhancements in Rel-12 and 13 [6][7] and MTC has collected much interest from operator.  Considering such MTC, the number of the terminals is expected much larger as the variety of the use case becomes wider. From that point of view, it is not desirable to restrict the number of connected UEs by the number of the C-RNTI and it can be assumed that the eNB manages C-RNTI per cell not to have limitation of the system capacity.
Observation1: It is desirable that the eNB can manage C-RNTI per cell considering the increased number of UEs, e.g., MTC.
Assuming C-RNTI management per cell, when the eNB tries to add the new SCell to the UE, it needs to ensure that the C-RNTI as in PCell is not assigned to the other UEs. However, as the number of the CCs is increased it becomes harder to avoid such collision as pointed out in [8]. For example, if the number of connected UEs per Cell is assumed as 1000 UEs, 2000 UEs and 3000UEs, the probability of the successful C-RNTI allocation across the configured CCs can be briefly calculated by (1 - p)^(n-1) where p is the probability where the same C-RNTI as assigned on PCell can be allocated in one SCell and n is the number of configured CCs. 
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Fig.1: Probability of successful C-RNTI allocation across CCs
From the above assumptions, as the number of CCs and connected UEs per Cell increase, the probability of successful allocation of C-RNTI for all the aggregated CCs is decreased to around 20% in case of 3000UEs/Cell as shown in Fig.1. 

Observation2: It becomes harder to avoid the C-RNTI collision as the number of UEs and aggregated CCs are increased.
Although the eNB may be able to handle this collision by reconfiguring C-RNTI by intra-cell HO, it will result in the interruption of the voice service and significant degradation of CA user experience since all the SCells are deactivated upon HO occurs. To resolve this potential issue, we propose to introduce dedicated C-RNTI in Rel-13. 
Proposal1: Introduce dedicated C-RNTI per cell in Rel-13
2.3. Dedicated C-RNTI handling

In this subsection, we address the detail of dedicated C-RNTI handling. 

1) How to assign?

Currently, C-RNTI is assigned during RA procedure for CCCH or HO procedure. Basically, the SCell related information is signalled via dedicated signalling. Thus, it is natural to apply the same principle. 
Proposal2a: Dedicated C-RNTI is assigned via RRC dedicated signalling.
Although it will be a rare case to reconfigure dedicated C-RNTI, it will be beneficial to clarify how to reconfigure it. The discussion point is how to avoid the C-RNTI ambiguity between UE and eNB. Although tt can be left up to eNB implementation, it will be safer to have the standardised solution. As pointed out before, reconfiguration seems a rare case. Thus, it is sufficient to rely on the SCell remove and addition approach. 
Proposal2b: When reconfiguring the dedicated C-RNTI, the eNB removes and adds again the concerning SCell(s).
2) Relationship between to the number of CCs and dedicated C-RNTI?

Considering the potential issue discussed in the previous subsection comes from the increased CCs, the question is whether the dedicated C-RNTI can be applied only when a large number of CCs (e.g., more than 5) are configured. If we have such restriction, eNB needs to determine whether to use dedicated C-RNTI based on the consequence of the configuration and the implementation becomes complex. Therefore, we propose to allow to assign dedicated C-RNTI regardless of the number of the configured CCs. 
Proposal3: To allow to assign dedicated C-RNTI regardless of the number of the configured CCs.
On the other hand, considering the backward compatibility, it is beneficial to allow to still use common the C-RNTI approach when the number of CCs is not so large. Thus, it is proposed that UE applies dedicated C-RNTI if configured to the concerning SCell, otherwise applies the same C-RNTI for PCell to the SCell. 
Proposal4: UE applies dedicated C-RNTI if configured to the concerning SCell, otherwise applies the same C-RNTI for PCell to the SCell
3) C-RNTI reporting?
UE is supposed to report C-RNTI such that eNB can identify the UE, e.g., RRC connection re-establishment procedure and contention based RA procedure not for CCCH. Since such procedure is performed on PCell, UE needs to report C-RNTI associated to PCell. 
Proposal5: When UE is supposed to report C-RNTI, UE reports C-RNTI associated to PCell.
4) Cross Carrier Scheduling

Applying dedicated C-RNTI, Cross Carrier Scheduling operation needs to be carefully addressed since the UE receives scheduling information and data in the different cell. To avoid the ambiguity in each serving cell, it will be reasonable to apply the corresponding C-RNTI in scheduling cell and scheduled cell. In that case, UE decodes PDCCH using C-RNTI for the scheduling cell and process the PDSCH/PUSCH using C-RNTI for scheduled cell. If this kind of operation is complicated from the UE and the eNB point of view, other alternative is to have a restriction that the eNB assigns the same C-RNTI for the scheduling cell and scheduled cell. As indicated in [9], CIF field is kept 3 bits as today even with increased number of CCs. This means that the maximum number of the scheduled cell associated to one scheduling cell is 8. If it can be assumed that one scheduled cell is associated to at most one scheduling cell, the C-RNTI collision may not be so high (less than 30% from figure.1) even with the limitation. 
Proposal6: Discuss how to handle C-RNTI for cross carrier scheduling
2.4. Cross Carrier Scheduling solution

In [10], as the alternative solution, Cross Carrier Scheduling (CCS) is proposed. In Cross Carrier operation, UE performs PDCCH monitoring and PDSCH/PUSCH processing in the different serving cells. Even when 2 UEs uses the same C-RNTI in one serving cell, there will not be C-RNTI ambiguity since the resource assignment is orthogonal between them. However, this CCS is not generic solution considering the compatibility with PUCCH SCell and LAA. 
Compatibility with PUCCH SCell

We think that the compatibility with PUCCH SCell functionality should be considered, since PUCCH offloading becomes more important as the number of the configured CCs is increased. As in [11], it was agreed that the CCS between the different PUCCH groups is not supported. Thus, the CCS solution has the limitation that the C-RNTI collision is resolved only with PUCCH group. 
Observation4: Cross Carrier Scheduling has limitation in combination with PUCCH SCell
Compatibility with LAA
We also think that the compatibility with LAA is important since the many of the CCs are assumed to come from LAA band.  As observed in [12], due to the LBT nature, it is unpredictable when the PDSCH transmission can actually start (or even whether transmission can be taken placed) on LAA cell. Thus, in case that LAA cell is scheduled via licensed cell, eNB transmits scheduling information for LAA cell even while the PDSCH on LAA cell is not transmitted due to LBT busy. Consequently, many of PDCCH on licensed cell will be consumed unnecessary. Rather, it will be natural to use self-scheduling for LAA cell so that neither PDCCH nor PDSCH are transmitted, if LBT busy. From that point of view, CCS itself is not compatible with LAA.
Observation5: Cross Carrier Scheduling is not compatible with LAA regardless of the C-RNTI collision
From the observations above and considering CCS is still optional functionality, it is said that CCS is not suitable solution to resolve the C-RNTI collision problem. 

Observation6: Cross Carrier Scheduling is not suitable solution to resolve the C-RNTI collision problem.
Furthermore, it is stated in [10] that the CCS is better solution from impact point of view. However, we think the impact due to the dedicated C-RNTI will be marginal since just to add the new IE to signal the C-RNTI per SCell. 
3. Summary and Conclusion

In this contribution, we addressed the RAN2 impacts due to extension of CA, and followings are observed and proposed:
Observation1: It is desirable that the eNB can manage C-RNTI per cell considering the increased number of UEs, e.g., MTC.

Observation2: It becomes harder to avoid the C-RNTI collision as the number of UEs and aggregated CCs are increased.

Proposal1: Introduce dedicated C-RNTI per cell in Rel-13

Proposal2a: Dedicated C-RNTI is assigned via RRC dedicated signalling.

Proposal2b: When reconfiguring the dedicated C-RNTI, the eNB removes and adds again the concerning SCell(s).

Proposal3: To allow to assign dedicated C-RNTI regardless of the number of the configured CCs.
Proposal4: UE applies dedicated C-RNTI if configured to the concerning SCell, otherwise applies the same C-RNTI for PCell to the SCell
Proposal5: When UE is supposed to report C-RNTI, UE reports C-RNTI associated to PCell.

Proposal6: Discuss how to handle C-RNTI for cross carrier scheduling
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