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1. Introduction
[bookmark: _Toc352077766]In RAN#75 meeting, the further enhancements on video enhancement for LTE WID was approved [1]. The long backhaul latency reduction for video service topic is one objective of this WID. In Context Aware Service Delivery in RAN for LTE SI, solutions of local caching with UE assistance was identified as a candidate solution for long backhaul latency issue.
In this paper, we will introduce UE assisted local caching solution and analyse the assistance information to be provided to the RAN.
2. Why UE assistance
To reduce the long backhaul delay, the local cache should be physically close to or inside eNB. Logically, the local cache could be in any location of the network, e.g.
· Cache inside or above PGW, i.e. SIPTO
· Cache inside eNB
· Cache in S1-U
· Cache off the S1-U path.
Observation 1: To reduce the long backhaul delay, the local cache should be physically close to or inside eNB.
There are already several kinds of proprietary local cache solutions tested or even deployed. So, a typical question is: local cache could be supported without 3GPP standard change, why do we need UE assistance. 
These proprietary solutions typically rely on DPI to route UL request to local cache or get DL response from local cache, as shown in figure 1. DPI by eNB increases 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.   


Figure 1: Routing UL request to local cache by DPI
If UE could provide service type information to the network, the DPI by RAN or by middle box could be avoided.


Figure 2: Routing UL request to local cache by UE assistance
Observation 2: UE assistance avoids DPI by eNB or middle box in routing UL request to local cache.
Proposal 1: Define UE assistance information for UL service request routing to local cache.
3. What assistance info the UE should provide
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. 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 3: UE just needs to indicate to eNB whether this UL packet contains service request eligible for acceleration.
The mobile CDN was not commercially successful in the past mainly because the operator cannot easily get income from the local caching. With UE assistance, only services with reward to operator may be accelerated. With reduced CAPEX (no DPI) and increased income from service provide, the local cache enables a new business model to operator.
Observation 4: UE assisted local caching enables a new business model to operator.
Proposal 2: UE assistance info to eNB indicates whether an UL packet contains service request eligible for acceleration by local cache.
4. UE assisted local caching below GW
The mechanism of UE assisted local cache is composed of the following sequential three steps:
Step 1: Network configures UE with the policy information for UE to determine assistance information. 
Step 2: When an UL PDU is received from upper layer, UE checks whether it contains UL request eligible for acceleration. If yes, UE includes assistance information, e.g. acceleration indicator in the UL PDU.
Step 3: Network decides UL routing per UE assistance information. If the UL PDU includes acceleration indicator, eNB routes it local cache. Otherwise, eNB delivers it to SGW/PGW. 
Figure 3 is an example procedure of UE based context aware and selective acceleration.
 



Figure 3: Example of UE assisted local caching
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.
5. UE assisted local caching above GW
If local cache is supported above GW logically, the UE assistance is still helpful in routing UL request to local cache. Figure 4 shows a potential implementation of UE assisted local cache above GW. The local cache is connected with local GW. The local GW routes UL packet eligible for acceleration to local cache per UE assistance information relayed by eNB. The selective routing function of low GW is somewhat similar to TOF in UMTS and branching UPF in NGC.

[bookmark: _GoBack]
Figure 4: UE Assisted Local Cache above GW
Observation 5: For caching above GW, UE assistance info may be used by local user plane branching function (similar to UMTS TOF) to selectively route UL packet to local cache.
Considering diverse proprietary implementations on local caching, it is difficult to standardize the caching location and eNB to cache routing.
Proposal 3: Leave caching location and eNB to local cache routing mechanism to implementation.
6. Conclusions
Based on above analysis, we have following observations and proposals.
Observation 1: To reduce the long backhaul delay, the local cache should be physically close to or inside eNB.
Observation 2: UE assistance avoids DPI by eNB or middle box in routing UL request to local cache.
Proposal 1: define UE assistance information for UL service request routing to local cache.
Observation 3: UE just needs to indicate to eNB whether this UL packet contains service request eligible for acceleration.
Observation 4: UE assisted local caching enables a new business model to operator.
Proposal 2: UE assistance info to eNB indicates whether an UL packet contains service request eligible for acceleration by local cache.
Observation 5: For caching above GW, UE assistance info may be used by local user plane branching function (similar to UMTS TOF) to selectively route UL packet to local cache.
[bookmark: OLE_LINK1]Considering diverse proprietary implementations on local caching, it is difficult to standardize the caching location and eNB to cache routing.
Proposal 3: Leave caching location and eNB to local cache routing mechanism to implementation.
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