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1 Introduction

The mobile data traffic is experiencing tremendous growth while the mobile traffic pattern is also evolving. More and more Internet services are migrating towards mobile network. To compete effectively in the mobile internet era and cope with the expected changes to mobile traffic, mobile operators need an internet-oriented mobile network and support more intelligent data delivery. 

This paper discusses the requirement of RAN node direct communication for LTE, and proposed to initiate related studies in R12 to allow optimized communication path for user plane traffic traversing the mobile network, which is envisioned to release backhaul and core network pressure and facilitate MNOs to provide new services in the era of mobile internet.
2 Discussion

In the traditional RAN architecture (1G, 2G, and 3G), where each cell site node is connected to a central aggregation node, the main communication path is directly between the cell site and radio controller (BSC or RNC), with little or no communication directly between cell sites. In LTE where the concept of inter-cell site communication (via X2 interface) is introduced, it only aims to support mobility without involving CN. 
This may well be fit for a voice-only cellular network. However, with more and more internet services getting mobilized in the so called mobile internet era, more services are getting both oriented and terminated in the mobile network, e.g., conversational HD voice and video, proximity based services, SoLoMo, video caching, mobile business network, P2P sharing, mobile CDN and so on. Supposing service is only delivered between a group of cell sites, for example, a subscriber wants to communicate with another subscriber in the same building or local machine-to-machine traffic, the data packets will have to be sent back to the mobility anchor, perhaps hundreds of kilometres away. 

This traversal of the core network only adds latency, complexity, and cost, and produce wastage of backhaul resources. In future deployment, where the number of mobile devices expands exponentially triggering the deployment of thousands of new small cells, mobile backhaul network will face more stringent challenges with current communication mode. In order to more efficiently utilize the mobile backhaul, it is deemed that the data bearer is not necessarily being transported by expensive links back into the network, if an optimized communication path can be achieved more economically and efficiently through intra- or inter-cell sites direct interfaces, e.g., bearer over X2. 
Besides the offloading methods of LIPA/SIPTO and Wifi, which allow Internet-bound traffic exits the mobile network quickly to reduce resource consumption, we consider that if mobile internet traffic can be absorbed inside the RAN without routing to the central gateway, the stresses of the backhaul transport network and core network can also be relieved a lot, while an end-to-end QoS guarantee can be pertained which facilitate offloading of services sensitive to latency and bandwidth guarantee, e.g., voice, video and conference call. 
The following Figure 1 captures the main idea of localized traffic optimization based on RAN node direct communication. In terms of the location of UEs, there are two kinds of scenarios considered as follows.
· Intra-eNB direct transmission: If both sender and receiver locate inside the coverage of one eNB, the data traffic is directly forwarded by intra-eNB transaction.
· Inter-eNB direct transmission: If the sender UE and receiver UE are served by different eNBs capable of direct transmission, the data transmission is handled via eNB-to-eNB data forwarding.

When there are multiple senders or receivers, the scenarios of multicast/broadcast transmission can also be taken into account. 
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Figure 1 Illustration of RAN node direct communication
This RAN node direct transmission feature is envisioned to have the following advantages:

· Effective transmission resource saving
As shown in Figures 1, the data transmission happens in proximity area can directly go through the related serving eNBs without CN involvement. Since there is no need to send data flow to CN, transmission resources at S1 interface can be saved to achieve mobile backhaul offloading.
· Improve quality of user experience

The mobile-to-mobile/machine-to-machine communication can select optimal transmission route which can effectively reduce latency and avoid congestion. Moreover, it is possible to enable the deployment of content provision server at RAN level (mobile CDN) which can further elevate user experience.

· Guarantee end-to-end telecom-level control and management
One important problem related to localized service provision is how to achieve effective network control and management. Since the eNB directly participates in end-to-end connection setup and data transmission procedure, it is considered feasible to maintain controllability and manageability with this solution.
· Easy implementation and flexible deployment
From implementation perspective, this solution only impacts eNB and the related interfaces between CN, without any significant Uu interface impact expected which ensures good implementation feasibility. Moreover, this feature will enable flexible mobile network deployment, especially helpful for emergency and public safety communication purpose and other scenarios including far rural area, island, mine and ocean ships, etc.
· Enlarge coverage for proximity service provision

Since the eNB is responsible for relaying direct communication packet data, the coverage range for direct proximity service provision is expected to be larger compared to device-to-device direct transmission, since UE has limited transmission power and low antenna height. This helps provide a greater variety of peer-to-peer applications which require larger inter-UE distance.
· Potential benefit for inter-eNB coordination 

Enabling RAN node direct transmission requires enhanced inter-eNB communication capability. This can potentially benefit advanced resource sharing and signal coordination operations between eNBs, e.g.: 

·  CoMP between neighboring eNBs to achieve improved signal quality
·  Baseband resource sharing between eNBs to achieve load balancing and combat the “tidal” effect
In order to achieve the advantages of local traffic optimization mentioned above, we deem the following technical requirements for the RAN optimized transmission path feature:
· Efficiently achieve UE-transparent local traffic steering inside RAN

The network needs to be aware of the source node and end node correlation level before the PDN connection is established, and then decide when to establish and release the direct transmission between RAN nodes according to certain strategy, which may impact current S1 interface.

· Dynamically select and maintain optimized end-to-end direct communication path within RAN
To deliver traffic along the optimized backhaul transmission path, the network should be able to maintain direct U-plane data path across eNBs; therefore, appropriate direct bearer mechanism (which can be enhanced over current X2 interface) should be established to provide session control and ensure QoS.
· Seamless mobility support for local service via optimized transmission route
Service continuity should be kept for users moving around with real-time services, e.g., VoIP and Video streaming under various cases, e.g., handover from direct RAN mode to traditional mode or between different inter/intra-eNB direct communication routes, etc.
3 Proposal
This paper discusses mobile service and traffic trends in the mobile Internet era and corresponding network enhancement requirement. It is deemed that localized traffic path optimization based on RAN node direct communication will become an important tool for operators to improve network efficiency and provide better services to consumers and business partners.
We respectfully propose to initiate related studies in R12 to implement efficient RAN node direct communication feature.
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