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Introduction
The Work Item of further enhancements on Video Enhancements for LTE was approved at RAN#75 [1]. One of the objectives of this work item is to do the following enhancements:
· Long backhaul latency reduction for Video service. Specify solution for local caching for UE assistance  video request 
· Identify solutions for local caching for which CN functionalities and principles defined in section 5.1 of TR36.933 are respected when applied to local caching. [RAN3]
· How, any assistance information needs to be provided to the RAN, e.g., based on service or bearer type. [RAN2, RAN3]
· How RAN should perform UE eligibility check to guarantee UE credibility/integrity. For example the eligibility check may be achieved by new S1 procedure or reuse existing S1 procedure with new IE. [RAN2, RAN3]
· Analyse potential impact of UE mobility on the local caching solution to avoid additional UE eligibility check for UE in mobility state between different eNBs.  E.g., whether to transfer UE eligibility check information from source eNB to target eNB during HO. [RAN3]
[bookmark: OLE_LINK58][bookmark: OLE_LINK59]Note: the solution shall not rely on user data detecting in the eNB;
[bookmark: _Toc475198065]Some possible cache deployment architectures were captured in TR36.933 [2], and have been discussed during last meeting. This contribution further discusses possible cache deployment architecture options which may satisfy the above objective, intending to achieve some alignments on this aspect. 
Discussion
Evaluations of architecture options for local cache solution
During the last RAN3 meeting, the following options for local caching solutions have been discussed, common understandings on some options are made, at least for option 2. To move forward, we hope the following consensus can be reached. 
For option 1 and option 4, they can be supported by implementation
For option 3, some CN enhancements are required to satisfy the identified principles, e.g. policy and charging control, LI. It is FFS whether to consider option 3 as candidate deployment architecture for local caching solution.
For option 2, in general, since cache server is deployed after P-GW/LGW/Standalone GW, it is consistent with the identified principles. Each sub-option can be viewed as deployment alternatives of the same architecture (“cache server after GW”). 
The following figures are excerpted from TR36.933 for reference.
Option 1: Cache Server Collocated in the eNB


Figure 1 Cache server collocated in the eNB
Option 2: Cache Server after P-GW/LGW/Standalone GW



Figure 2 Standalone Cache Server after P-GW/LGW/Standalone GW
Option 3: Standalone Cache Server in the Middle of S1-U


Figure 3 Standalone cache server in the middle of S1-U
Option 4: Standalone Cache Server off the S1-U Path


[bookmark: _MON_1274251218]Figure 4 Standalone Cache Server off the S1-U Path
Proposal 1: Option 1 and option 4 can be supported by implementation
Proposal 2: It is FFS whether to consider option 3 as candidate deployment architecture for local caching solution
Proposal 3: RAN3 to consider “cache server after GW” as candidate deployment architecture for local caching solution
Further discussion of architecture option (“cache server after GW”)
For the architecture (“cache server after GW”), the sub-option 2-1, 2-2, 2-3 can be deployed considering hit ratio of cache content for different coverage. From offloading perspective, the architecture of “cache server after GW” can be further discussed by the following 3 alternatives:  
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Alternative 1: Offload by SIPTO
Alternative 2: Offload at RAN
Alternative 3: Offload at GW
Alternative 1: Offload by SIPTO
For alternative 1, UE and network establish a separate PDN connectivity for local cached traffic based on preconfigured APN on UE. SIPTO solution may have the following issues:
· Difficulty in Configuring SIPTO APN on smartphones
Although SIPTO has already has some stable standard versions, SIPTO has not been widely considered by operators. For a UE to run two different services (e.g., one service in local network and other one in internet) the UE has to configure two different APNs simultaneously. Unfortunately for widespread smartphones, configuring multiple APNs simultaneously is not easily supported. For example iOS system does not support user configuring and reconfiguration of two and more APNs. It is noticed that operators do not have any advantage in applying a solution that alienates widespread smartphones users.
· SIPTO provides limited service breakout solution
As SIPTO relies on APNs configured in UE to route IP traffic to L-PGW or PGW, SIPTO can just provide breakout per APN granularity not per service type or per service provider content granularity. 



Alternative 2 (Offload at RAN)
For this alternative, eNB may offload traffic to different GW without reconfiguration of multiple APNs on UE. As required in WID [1]:
Note: the solution shall not rely on user data detecting in the eNB;
UE assistance may be a viable and promising way to help eNB to identify local cached traffic.


Alternative 3 (Offload at GW)
For this alternative, GW may route traffic to local cache server. Some data detection strategy can be configured on GW to identify local cached traffic, e.g., IP 5 tuples. However, only IP level information may not be adequate for local cache routing, application-level inspection may be needed. Nevertheless, encryption at application layer is widely adopted, which hinders the effectiveness of DPI. So, UE assistance may be beneficial to help GW to identify local cached traffic.
This architecture may introduce extra latency for not local cached traffic since one extra hop is needed.


Proposal 4: Further discuss the above 3 alternatives of cache server after GW architecture
Conclusions
This paper analyzes possible cache deployment architecture options which may satisfy the above objectives. The paper concludes with the following proposals:
Proposal 1: Option 1 and option 4 can be supported by implementation
Proposal 2: It is FFS whether to consider option 3 as candidate deployment architecture for local caching solution
Proposal 3: RAN3 to consider “cache server after GW” as candidate deployment architecture for local caching solution
Proposal 4: Further discuss the above 3 alternatives of cache server after GW architecture
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Option 2-2 Standalone Cache Server and SIPTO@LN with standalone GW


eNB


L-GW


Cache


2. IP packet


3. IP packet


UE


1. GTP-U packet


4. GTP-U packet


Option 2-3 Standalone Cache Server and SIPTO@LN with collocated L-GW
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