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1. Introduction
It has not been an issue to discuss whether more than one scheduler is needed or not until Release 11 even for CA as the PCell and SCells are located in the same one eNB. However, in the case of dual connectivity in Small Cell Enhancement (SCE) SI, the cells that the UE is connected are located in the different eNBs with non-ideal backhaul so that it is not yet clear whether the current one scheduler could work the same way as before without any issues.
This contribution discusses whether there are any issues in the dual connectivity from scheduler point of view and proposes a way forward.
2. Discussion

Followings are assumed for discussing the scheduler issues in detail.

1. Non-ideal Backhaul between Macro Cell and Small Cell

2. Overlaid Small Cell(s) in Macro Cell coverage 

3. Inter-frequency (Macro: F1 / Small: F2)
In the following text, the term Macro eNB means that the eNB have the Macro cells and the Small eNB means that the eNB that have the Small cells.

2.1. Common Scheduler for dual connectivity
Regarding protocol architecture based on RAN split for dual connectivity, common scheduler in one Macro eNB is preferable since DL/UL data in all EPS bearers for an UE are transmitted through the Macro eNB as depicted in Figure 1.

According to contributions about the RAN split concept in the previous meeting, the split between PDCP and RLC is the most preferred from protocol layer point of view. Additionally the RRC layer is preferred to be co-located with the common scheduler at the Macro eNB since the direct signaling from the scheduler to the UE would be more preferred with non-ideal backhaul environment.
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Figure 1. RAN split (RLC split)
Observation 1: The Common Scheduler in an eNB with RRC layer is more appropriate for the RAN split for dual connectivity.
However, the common scheduler has several serious problems to manage radio resources in the small eNB as well as coordination issue for common scheduler [1].Although NW can coordinate between eNBs for the common scheduler, the delay over non-ideal backhaul would make it difficult to gather such informations as measured CSI from SRS, PHR, BSR and etc which are required in the scheduler at Macro eNB to manage radio resources for the small cell within the time that the informations are still valid enough. Also the delay would make it difficult for the scheduler to estimate when the scheduling decision, made at the Macro eNB, is actually applied to the MAC/PHY layer in the small eNB.
Due to the delay issue over the non-ideal backhaul, if the common scheduler at the Macro eNB is to be used, then the following limitations are required.

1. Radio resources for the same cell (e.g. small cell) should be shared by coordination between the common scheduler and the scheduler in small eNB, which is implemented for UEs connected only to the small eNB. 
2. QoS of data via ‘non-scheduler’ eNB (i.e. small eNB) for the dual connectivity is limited to delay tolerant type.
3. Frequency selective scheduling for the DL/UL in small eNB is not essential.

Observation 2: If the Common Scheduler for dual connectivity is to be used, some limitations are required.

2.2. Dual Scheduler for dual connectivity
According to [1], because coordination between schedulers which is implemented by different companies is difficult, dual scheduler for dual connectivity would be more preferable in eNB implementation point of view. In other point of view, CN split concept was introduced for dual connectivity as depicted in figure 2. The RABs in EPS bearers allocated to the Small eNB are transmitted between S-GW and the Small eNB directly. It means that the interaction between eNBs which are involved for dual connectivity is not essential for normal operation. Therefore, dual scheduler at each involved eNBs is more appropriate to manage CN split architecture.
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Figure 2. CN split
Observation 3: The Dual Scheduler is more appropriate for the CN split for dual connectivity.

The dual scheduler for DL, PUCCH for ACK/NACK would be required in a serving cell per each eNB to confirm DL transmission by each scheduler. If we can assume that dual connectivity can be configured like carrier aggregation in inter-frequency deployment, PUCCH in SCell for Small eNB and simultaneous transmission of two PUCCH via different serving cells can be considered to support the dual scheduler. However, it is required further study carefully to introduce PUCCH in SCell since this issue is quite related to RAN1.
Observation 4: To support the Dual Scheduler, PUCCH in SCell can be considered.
For UL case, the maximum UE transmission power (Pcmax) is most important issue from UL resource scheduling point of view. If UE could support TDM per each eNB only, there is no problem to manage UL. However, if simultaneous UL transmission should be considered, the coordination between schedulers should be assumed. Without cooperation for UL scheduling, unexpected UL transmission power scaling can be occurred due to non-ideal backhaul latency between the schedulers since each scheduler cannot know how many UL resources would be granted by other side scheduler for current TTI as depicted in figure 3.
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Figure 3. The unexpected UL power scaling due to Dual Scheduler with non-ideal backhaul

Observation 5: To remove the unexpected UL power scaling, tightly coordinated Dual Scheduler should be considered.

The above discussion can be taken into account when RAN2 decides either RAN split or CN split type. After the decision is made, RAN2 is requested to consider the issues introduced in this contribution in order to solve the identified issues. 
Proposal 1: RAN2 is requested to consider the scheduler issues when deciding either RAN split or CN split type. After the decision, RAN2 should solve the identified scheduler issues.
3. Conclusion
In this contribution, we discussed the following observations.
Observation 1: The Common Scheduler in an eNB with RRC layer is more appropriate for the RAN split for dual connectivity.
Observation 2: If the Common Scheduler for dual connectivity is to be used, some limitations are required.
Observation 3: The Dual Scheduler is more appropriate for the CN split for dual connectivity.

Observation 4: To support the Dual Scheduler, PUCCH in SCell can be considered.

Observation 5: To remove the unexpected UL power scaling, tightly coordinated Dual Scheduler should be considered.

RAN2 is kindly requested to agree to the following proposal. 
Proposal 1: RAN2 is requested to consider the scheduler issues when deciding either RAN split or CN split type. After the decision, RAN2 should solve the identified scheduler issues.
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