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1 Introduction

In RAN#75 meeting, the WID of further enhancements on video enhancement for LTE was approved [1], in which the long backhaul latency reduction for video service topic is one of the objectives. In the Context Aware Service Delivery SI study for LTE, the solution of local caching with UE assistance information was identified as one of the candidate solutions for long backhaul latency issue and was captured in [2].

This paper analyses the UE assisted information solutions for local caching below GW and above GW.
2 UE Assisted Local Caching Solution
Local cache relying on the UE based service information acquisition, denoted as UE assisted local cache, shall be a promising solution to solve the long backhaul issue [2]. It relies on the service indicator carried in uplink RAN protocol to assist network to perform selective acceleration.

As [3] discussed, several proprietary solutions rely on DPI to route UL request to local cache or get DL response from local cache. But it is obvious that DPI by eNB may increase the cost and complexity of eNB. If the DPI is supported by eNB software, it reduces the capacity and performance of eNB. If the DPI is performed by middle box, it increases not only cost but also user plane delay and introduces SPF (single point failure) in user plane. So if UE could provide necessary information for eNB to decide whether to accelerate the required content, the DPI by RAN or by middle box could be avoided.
In [4], RAN2 has discussed and agreed the related UE assistance solutions in RAN2#95b, and sent LS to RAN3. In this LS, it has been agreed that enhancing the current protocol for the UE to mark data packets to assist the network to perform selective acceleration is feasible from signalling point of view. RAN2 had also discussed PDCP as one option, but detailed solution should be FFS.
Proposal 1: RAN2 should define UE assistance information for UL service request routing to local cache.
The mechanism of UE assisted local cache is composed of the following sequential three steps:

Step 1: Network informs UE with service information list which indicates the service characteristics that it supports and can be provided by local cache. The service information list may contain one or any combination of contents, such as service type, special service, and/or service from content provider having contract with operators. Network may rely on SIB or RRC signalling to convey the information to UE.
Step 2: UE initiates a content request, generates an indicator based on the service information list and encapsulates the indicator into uplink signalling. The indicator can be an explicit UE mark on UL packet for whether it contains request eligible for acceleration. It can also be a service indicator which consists of the service characteristics of the current request. 

Step 3: Network processes the uplink signal and concurrently acquires the service information that UE requested, on which the network decides whether the content request should be sent on local cache path or traditional path.
The key principle of the proposed UE assisted local cache solution is to help network implement selective service acceleration without DPI operation. In essential, it is not relevant to the location of local cache deployed. Wherever it is collocated, e.g., collocated with eNB, or at RAN side near eNB or after PGW, this solution can be applied to all the potential deployment options outlined above. 

In [2], several local caching solutions are introduced and it has been agreed that the local cache should be physically close to or inside eNB to reduce the long backhaul latency. Above described UE assisted local cache procedure is typical for local cache in any logical location of the network, i.e. below GW or above GW. An example of UE assisted local caching below GW procedure is described in Annex.
If local cache is supported above GW logically, the UE assistance information is still helpful in routing UL request for local cache.
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Figure 1 UE assisted local caching above GW
Caching above GW logically has less impact on existing 3GPP architecture and RAN/CN function split. UE assisted local caching can be used for caching above GW as well, as show in Figure 1. 

UMTS supports TOF (Traffic Offload Function) which selectively routes some traffic locally (e.g. to local cache) and the rest traffic to Internet. Similarly, NGC supports branching function to route some traffic locally and rest traffic to Internet in 5G network. Here the Local GW can be implemented as local UPF in 5G. It is possible for LTE to support similar TOF or branching function either with standard change or up to implementation.
In this scenario, the UE still can set the UE assistance information in the uplink packet, and eNB relays the assisted information in GTP-U header to the Local GW. The Local GW then routes the payload of packets with assistance information to local cache. The other rest of procedure is similar to UE assisted local caching below GW.
Observation 1: UE assistance information is helpful in routing UL packet for local cache, no matter the local cache deployment scenarios.
3 UE Assistance Information to Be Provided

The UE provided assistance information should be sufficient for the network to decide whether to route the UL packet to local cache. There are two kinds of information to achieve this:

· Option 1: assistance information indicates whether UE requested service is cached locally.

· Option 2: assistance information indicates whether this packet has service request eligible for acceleration.
Option 1 requires UE to know which service is cached locally. UE may get this information from system information or any server inside mobile network. In option 2, the UE and eNB need not to know whether the UE requested content is cached locally. The UE just need to let eNB know that this packet is eligible for acceleration. If the requested content is not locally cached, the local cache can manage to fetch the content for the UE. Because the cache is close to eNB, the user plane route is still optimal even if requested content is not locally cached.

Observation 2: UE needs to indicate to eNB whether this UL packet contains service request eligible for acceleration.
Proposal 2: UE assistance information to eNB indicates whether an UL packet contains service request eligible for acceleration by local cache.
4 Conclusions
Based on above analysis, we have following observations and proposals.

Proposal 1: RAN2 should define UE assistance information for UL service request routing to local cache.

Observation 1: UE assistance information is helpful in routing UL packet for local cache, no matter the local cache deployment scenarios.
Observation 2: UE needs to indicate to eNB whether this UL packet contains service request eligible for acceleration.
Proposal 2: UE assistance information to eNB indicates whether an UL packet contains service request eligible for acceleration by local cache.
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Annex

An example of UE assisted local caching below GW procedure is described.

0: UE is configured with Authorized Content Provider List (ACPL) including URL information.

1: For those uplink HTTP GET packets, UE modem shall, according to its ACPL, filter out those special destination, set assistant information for eNB to understand.

2: ACPL filter: URL/URI check

· Transparent Proxy in UE modem check URL/URI in the UL packet.
· If URI/URL meets ACPL, UE/modem includes assistant info in UL PDU.
3a: If UL request pass ACPL check, UL assistance information is provided in user plane packet (PDCP header or MAC).
4: UL packet with assistant info is routed to cache node 

· 4a. If UE requested content is cached in the node, cache node will deliver it to UE directly from its local cache.

· 4b. If UE requested content not available in cache node, cache node will fetch it from Internet CDN for UE, besides caching the response HTTP content in its local cache for later use, and it will also deliver it to the UE.

· Cache node may or may not be co-located with eNB. If cache node non-located with eNB, one cache node can connect to multiple eNB, the connect between eNB and cache node shall be tunnel similar method.

3b: UL packet without assistance info is handled in legacy way, i.e. forward to SGW/PGW.
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Figure 2: Example of UE assisted local caching
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