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1. Introduction
In the last RAN#58, a study item on higher layer aspects of small cell enhancements (SCE) was approved [1]. Two main objectives of the study item are (1) to study the benefit having dual connectivity to macro and small layers served by different/same carrier, and (2) to identify and evaluate potential architecture and protocol enhancements that can satisfy the requirement and scenarios in TR36.932 which include deployment scenario with non-ideal backhaul.

This paper discusses the requirements and scenarios that motivate the study of C-plane architecture (e.g., whether changes to the present architecture is necessary) for dual connectivity scenario. Furthermore, this paper also discusses possible architecture alternatives.   
2. Discussion 1: Necessity for C-plane architecture study
Dual connectivity is understood as a way to increase user throughput by enabling the UE to obtain UL/DL data service  from both small and macro cell. Based on the deployment scenario in [2], the difference between SCE study and Rel-10 CA is the assumption that macro and small cell  may be of separate node, and possibly connected with a non-ideal backhaul.
Note1:
Legacy architecture applies for single connectivity in the Small Cell eNB (e.g., legacy UE or deployment without macro cell coverage)

Note2:
C-plane architecture analysis and alternatives are common for co-channel scenario and separate carrier scenario.

The following are some points that may become deciding factor on whether and to what extent the enhancements in C-plane architecture is necessary:
a. Small cell eNB and macro eNB are two independent nodes connected with non-ideal backhaul

· Different from Rel-10 CA architecture where all resources for different cells is owned and managed by the same eNB, in dual connectivity scenario, radio resources are allocated from two different nodes with their own physical hardware. In addition, non-ideal backhaul implies that the latency would be on the order of 5 - 60 ms [2]. These limitations necessitate part of RRM functionality to be allocated in the small cell eNB.
One example is the physical resources for feedback to the Small cell eNB such as PUCCH and SRS.  Since each node is equipped with independent scheduler, such feedback should be delivered to the corresponding scheduler. However, when Rel-10 CA architecture is applied, since PUCCH is supported only for PCell,  macro-eNB should deliver the information to the Small cell eNB via non-ideal backhaul, which causes degradation of HARQ performance (ACK/NACK delay),  non-optimal link adaptation (CQI reflecting delay).  Furthermore, without the resource for scheduling request, UE should perform RA procedure to transmit BSR to the Small cell eNB, which causes UL data transmission delay. Therefore,  PUCCH should be located in the small cell eNB and transmitted also on SCell for dual connectivity case. For similar reason, SRS needs also to be transmitted on the Small cell.   
Another example is the error detection in the small cell eNB. One RRM function in the macro eNB cannot cover all the error cases, especially error cases that happens in different node. For instance,  UL error may occur when the UE is in small cell edge such that radio quality is not sufficient to continue UL communication . Since the UE is not aware of this condition, the UE will perform UL transmission with maximum power that would cause interference to the neighbour eNB that would result into interference to the UL transmission of the surrounding UEs. This condition can be detected only by the small cell eNB. In some network implementations, the eNB could de-configure the small cell. In Rel-10 CA, this operation can be purely network implementation  issue since it is handled by one eNB, however, in dual connectivity scenario, this operation necessitates RRM function to be located in the small cell eNB, and possibly standardized interface to support small cell release. Another error case is layer 2 error such as de-sync of RLC window, if RLC layer is supported in the small cell eNB. Such error, resulting zero throughput, should be avoided. 
· The management of the radio resource allocation may be done in a master-slave manner  (i.e., distributed in macro and small cell) or in a centralised manner (e.g., resource pooling in macro eNB while the actual resources are in small cell eNB). In some cases this would necessitate some form of coordination/ signalling between  the nodes when managing or allocating radio resource for a dual connectivity UE.
· Backhaul latency may necessitates direct RRC signalling between UE and small cell.
Assuming that RRC signalling is established only between UE and macro cell, backhaul latency may cause delay in setting dedicated UL resource to the UE. This will then cause scheduling data with non-optimal link adaptation longer than the existing mechanism when the UE needs to resume UL/DL data in small cell.

In the case of UL error detection as stated above, direct RRC signalling between UE and the small cell would enable fast small cell release which would ensure less UL interference from UEs experiencing UL error. However, allowing coordination/ signalling between small and macro cell eNB and utilizing RRC connection from macro cell eNB is also a feasible solution if the impact cause by backhaul delay is considered acceptable.
Note 3:
All other RRC functionality (SIB, NAS transport, Paging, AS security management/establishment, etc.) are assumed to be allocated in the macro cell eNB. 
b. Possibility for macro eNB to be connected with large number of small cell eNB

Considering that there would be additional X2-like connections  in the  macro eNB in addition to the existing neighbour eNB, additional processing impact is foreseen for the eNB to maintain X2 connection, i.e., due to SCTP. Therefore to lessen the processing burden of the macro eNB, we think that it is beneficial to study the possibility to distribute RRM functionality (point a) such that macro eNB does not need to manage resources of all connected small cell.

c.  Minimizing CN impact

· MME does not need to be aware whether the UE is performing dual connectivity, i.e., two S1 connections for one UE (from macro cell eNB and small cell eNB) is not necessary and would create quite large additional processing requirement in the MME. Furthermore, proxy S1 interface in the macro eNB similar in RN is foreseen to have no benefit since there will be no necessity to perform Initial Context Setup utilizing S1 proxy.
· Signalling towards CN should be minimized when a UE, performing dual connectivity, changes the small cell. This may be realized by maintaining/ controlling mobility in the macro cell eNB. [3] 
d. Minimizing UE impact
· Aligned with the [2], the resulting C-plane architecture enhancement should take into account and whenever possible try to minimize UE impact.

From the points above, we think the following are the possible enhancement area of C-plane architecture that needs to be studied further:

1. Centralised or distributed RRM functionality (e.g., radio resource allocation management and coordination, UL error detection) in small cell and macro cell

2. Dual RRC signalling from macro cell and small cell

3. X2 functionality for coordination between macro cell eNB and small cell eNB (this point is out of scope of this document)
3. Discussion 2: C-plane architecture alternatives
The following 2 points are addressed when studying the C-plane alternatives:

1. S1 interface architecture
From the analysis in discussion 1 point d, to minimize the impact towards MME,  C-plane architecture with only one S1 interface where MME is not aware of whether the UE is doing dual connectivity should be the starting point.
2. RRM/RRC architecture
Based on discussion 1, the following alternatives should be studied:

Alt. 1: 
Centralised RRM, with one RRC connection/signalling between UE and macro cell eNB

Alt. 2: 
Distributed RRM, with one RRC connection/signalling between UE and macro cell eNB

Alt. 3: 
Distributed RRM, with two RRC connection/signalling between UE – macro cell eNB, and UE – small cell eNB.

The following figures shows three C-plane alternatives and table 1 shows the comparison (pros and cons) for each alternative.
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Figure 1: C-plane arch. alt.1 


Figure 2: C-plane arch. alt.2



Figure 3: C-plane arch. alt.3

Table1: Comparison of each alternative
	No.
	Comparison item
	Alt.1
	Alt.2
	Alt.3

	1.
	Functional allocation
	Centralised RRM (no RRM function in small cell), 
one RRC connection (UE-macro eNB)
	Distributed RRM, 
one RRC connection (UE – macro eNB)
	Distributed RRM, two RRC connection (UE -  macro eNB, UE – small eNB)

	2.
	Behaviour for radio resource allocation
	Small cell eNB resource is pooled in the macro eNB.
Macro eNB has the liberty to assign resources in the small cell eNB 
	Macro eNB asks Small eNB whenever resource allocation is necessary
* Resource pooling is also possible
	Macro eNB asks Small eNB for resource allocation at least at the Small Cell addition

	3.
	Signaling for resource coordination
	Less frequent compared to alt.2
	Every time resource allocation is performed
	Less frequent compared to alt.2

	4.
	UL physical resource (PUCCH, SRS) handling in the small cell
	Not possible (because no RRM in small cell)
	Possible
	Possible

	5.
	Ability for UE’s UL error detection and preventing UL intereferencef
	Not possible
(because no RRM, no RRC in small cell)
	Possible with delay  (= backhaul latency)
	Possible with quick action

	6.
	UL/DL data resuming in small cell
	Resuming with less optimum scheduling
	Resuming with less optimum scheduling
	Resuming with optimum scheduling

	7.
	eNB impact
	Big impact (e.g., memory) to support resource pooling
	Smaller compared to alt.1
	Smaller compared to alt.1

	9. 
	UE impact
	Small
	Small
	Big

	
	Total point 
(red mark)
	-4
	-2
	-1


Looking at the comparison table, alt. 1 with centralised RRM control necessitates the macro eNB to have resource pooling capability (e.g., enough memory) which may become significant impact when the macro eNB is connected to quite large number of small cell eNB. This makes alt. 1 less interesting. On the other hand, even though alt. 3 can provide most of the requirements, the impact to the UE can be seen as a show-stopper.  Although alt.2 has less optimum performance compared to alt.3, the requirements are mostly satisfied and the impact to the UE is considered small . Therefore, as starting point we propose to study further alt. 2.
4. Summary and Proposal
The requirements and scenarios that motivate the study of C-plane architecture (e.g., whether changes to the present architecture is necessary) for dual connectivity scenario were discussed. Possible C-plane architecture alternatives were presented
Proposal 1:
It is proposed for RAN2 to study the following possible enhancement area of C-plane architecture: 
1. Centralised or distributed RRM functionality (e.g., radio resource allocation management and coordination, PUCCH handling UL error detection) in small cell and macro cell

2. Dual RRC signalling from macro cell and small cell

Proposal 2:
It is proposed for RAN2 to further study C-plane architecture alt. 2 as shown in section 3 (i.e., distributed RRM with one RRC connection/signaling.
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