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1.
Introduction
In the past meetings, RAN2 has made decision on the control plane of small cell enhancement, that is, only Macro eNB generates the final RRC message, the UE RRC entity sees all messages coming only from Macro and UE only replies back to it only. RAN2 also decided to select user plane architecture 1A and 3C only. Based on the decisions above, this paper investigates how to setup Xn interface and what kind of Xn functions should be support from RAN3 point of view. 
2.
Discussion
Firstly, the issue about whether to specify Xn interface functions on top of X2 or to define a new Xn AP is discussed. 
Although both ideal backhaul (i.e., very high throughput and very low latency backhaul such as dedicated point-to-point connection using optical fiber) and non-ideal backhaul (i.e., typical backhaul widely used in the market such as xDSL, microwave, and other backhauls like relaying) should be studied, the performance should be taken into account. Therefore, the backhaul with high throughput and low delay would be generally selected to set up Xn interface since the good performance is estimated by using small cell. That is also the original motivation of this SI by allowing dual connection to UEs. However the existing X2 backhaul may not have that tight requirement for user plane since there is not heavy traffic going through X2. So if Xn is deployed on top of X2, then all of the existing X2 should be updated based on the tight requirement of Xn in order to support dual connection, which may be a burden to operators. 
On the other hand, some special functions only for small cell such as small cell addition/removal or semi-static and dynamic small cell on/off shall be defined. If they are defined on top of the X2 interface, it will be very complicated and would be a burden to the current X2 from clear specification point of view.
Based on the analysis above, the following proposal is suggested to RAN3:
Proposal 1: A new Xn AP should be defined for small cell enhancement. 
In the following section, the possible Xn functions are discussed based on the current RAN2 agreements for control plane and user plane. That is, for control plane only MeNB generates the final RRC message and for user plane architecture 1A and 3C are working assumption. Xn functions are considered by referring to the functions of X2 interface. 
A) Xn Setup 

Based on the assumption of new Xn interface, one issue would be how to set up Xn. If the general way, i.e., ANR, is applied, then the problem becomes that how the TNL address discovery procedure would work for getting the IP address of Xn interface. For example, a UE served by Macro eNB discovers the Pico/small cell and it reports to Macro eNB, which may initiates the TNL address discovery procedure towards the Pico/small cell by using the existing S1 messages going through MME. From this point of view, some impacts to S1 interface may occur. Of course, other solutions are also possible to set up Xn interface instead of using TNL address discovery procedure. 
B) Small cell addition/removal
From the small cell addition point of view, the small cell addition request / response (X2 Handover Request/Response- like) Xn message is necessary for RRC information transfer to/from small cell at least. That is, for the initial Small cell addition, the Macro eNB should include the UE capability information and possible configuration information in the small cell addition request message sending to the Small cell so that it can properly determine the RRC configuration parameters for the UE. On the other hand, the small cell sends the small cell addition request response message containing all RRC configuration parameters and then the Macro eNB generates the final RRC message, transports it over SRB to the UE. In addition, downlink E-RAB information (transport layer address, TEID) is also necessary to be sent to MeNB for forwarding to MME especially for Alt. 1A since there is only one S1-MME connection. Other information, for example, target cell ID, is necessary or not is FFS depending on how many cells that SeNB supports. The behaviour above has Xn interface impacts. 
On the other hand, for the small cell removal, Macro eNB may need to notify the corresponding small cell if there is not further traffic to be transferred to small cell. Thus the small cell should release the radio resources of that UE so that it can be used for other UE. From this point of view, the Xn interface impacts also exist. 
C) Configuration/Reconfiguration support: RRC point of view
Firstly, the RRC configuration parameters transmission between MeNB and small cell should be supported during the small cell addition / removal procedure. In addition, inter-node signalling upon reconfiguration of UE between MeNB and small cell should also be supported for general case. We need to investigate how to realize the behaviour whether by totally new message or not. 
D) E-RAB management: 
E-RAB management functionality is responsible for setting up, modifying and releasing E-RABs, which are triggered by the MME. The release of E-RABs may be triggered by the eNB as well. It is also important to adopt this function in Xn interface in order to align with the legacy behaviour. For example, the E-RAB Release Command comes from the MME, the MeNB should also be able to initiate the Small Cell release procedure.  The Small cell may send the RRC container to MeNB on request of release. And also the release of E-RAB may be also triggered by the small cell as well. The same logic may apply to E-RAB modify procedure. 
E) Data Forwarding
During the small cell removal or small cell change to another small cell, data forwarding is necessary especially for alternative 1A.  The specific procedures about how to use SN status transfer message and end marker need to be investigated in details. For example, which node initiates SN status transfer message and how Macro eNB forwards the SN status transfer message to another small cell, also the timing of sending end marker is also an issue. The above issues have impacts on Xn interface.
F) Path Switch Function Support
This function is necessary because there is only one S1-MME connection for each UE, which means that small cell has not S1 connection to MME. In case of small cell addition scenario, the user plane downlink information assigned by small cell should be transmitted to MeNB first and MeNB eNB may change or forward them to MME, which then finally notifies them to S-GW. Also for the user plane uplink information assigned by S-GW should also be passed to small cell by MeNB. The above case is especially important for architecture 1A. 
G) Small cell on/off

Small cell on/off is a hot issue currently under discussion in RAN1. The design goal is to improve user packet throughput, which is aligned with the design goal of higher layer aspects, that is, utilising radio resources across macro and small cells in order to improve per-user throughput and system capacity. The criteria used for semi-static on/off may be the traffic load increase/decrease, UE arrival/departure (i.e. UE-cell association), and packet call arrival/completion. For example, in the above case, a turned-off small cell may be turned on if a packet call arrives and needs to be transmitted, and the cell may be turned off after the packet call is completed. In this situation, Macro eNB firstly knows whether the packet arrival or not and also whether the packet call is completed or not. On the other hand, Macro eNB has the control plane and take the role of mobility anchor. Thus the existing energy saving schemes in 36.423 may not work to this case directly. From this point of view, some impacts may occur to the Xn control plane. Therefore, it is suggested to consider small cell on/off as one Xn functions in order to support the study of RAN1. 
Based on the analysis above, the following proposal is suggested to RAN3: 
Proposal 2: It is proposed to consider the following Xn functions : 
· Xn Setup, Small Cell Addition/ Removal, Configuration/Reconfiguration support
· E-RAB management, Data Forwarding, Path Switch Function Support
· Small cell on/off
3. Conclusions
In this paper, we investigated the possible Xn functions that should be supported from RAN3 point of view. The following proposals are suggested to RAN3:
Proposal 1: A new Xn AP should be defined for small cell enhancement.
Proposal 2: It is proposed to consider the following Xn functions : 
· Xn Setup, Small Cell Addition/ Removal, Configuration/Reconfiguration support
· E-RAB management, Data Forwarding, Path Switch Function Support
· Small cell on/off
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