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5.2 Solutions for issue 1

Possible solutions to address issue 1 are described as below:
5.2.x1 
Collocated Cache server

In this option, the local cache server is collocated in the eNB. The example was described in ([2]), which is copied as below:
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Figure 2 – collocated cache server
This option may not require any changes to the standard, and can be considered as the eNB’s implementation issue. 

5.2.x2 
Standalone Cache server after P-GW

In this option, the standalone cache server connects to the P-GW, or L-GW. Current standard already supports SIPTO. The SIPTO function allows two options: 

· SIPTO above RAN: it can be achieved by selecting a set of GWs (S-GW and P-GW) that is geographically/topologically close to a UE's point of attachment.
· SIPTO@LN: it can be achieved by selecting a L-GW collocated in the eNB, or a standalone GW in the RAN. 
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Figure 3 – standard cache server after P-GW

This option may not require any changes to the standard, and can be considered as operator’s deployment option. 

5.2.x3 
Standalone Cache server in the middle of S1-U

In this option, the cache server is in the middle of the S1-U. The cache server intercept the S1-U packet, and generate the replay in case a match is found in the cache server. 
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Figure 4 – standard cache server in the middle of S1-U
In order for the Cache Server intercept the S1-U packet, eNB, Cache Server and SGW need to be aware of the related UL/DL F-TEID. 

·  For UL: eNB need to know the UL F-TEID in the Cache Server. Cache Server need to know the UL F-TEID in the SGW. 

·  For DL: SGW need to know the DL F-TEID in the Cache Server. Cache Server need to know the DL F-TEID in the eNB. 

Regarding the control plane, it may require further analysis on how it can be implemented, e.g. whether the Cache Server is a S1-C proxy between the eNB and MME.  

5.2.x4 
Standalone Cache server off the S1-U path

In this option, the cache server is in a separate user plane. 
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Figure 5 – standard cache server off the S1-U path
Option 1: When the eNB receives the UL packet from the UE, the eNB may extract the IP packet and send it to the Cache Server. In case a hit in the Cache Server, cache server return the content to eNB. The eNB will not send the UL packet to the SGW. In case a miss in the Cache Server, based on the feedback from Cache Server, the eNB send the UL packet to SGW just like normal UL packet. Once the eNB receive the DL packets from the SGW, the eNB send the content to the Cache Server for cache. There are some issues to be solved:

· How can the eNB know whether there is a hit or miss in the Cache Server? Is the feedback from Cache Server carried in CP signalling or UP data?

· In case miss, how can the Cache Server cache the content received from the eNB through SGW?
Option 2: The Cache Sever exchanges the list of the content it stores with eNB. When the eNB receives the UL packet from the UE, the eNB extracts the IP packet and sends it to the Cache Server if the requested content falls into the list. Cache Server then returns the content to eNB. Otherwise, the eNB send the UL packet to SGW just like normal UL packet. These are some issues to be solved:
· How to build up the content list?
· Is the content list carried by CP signalling or UP data?
For both options, it requires further analysis on the interface between eNB and Cache.
Further analysis is needed to address above mentioned issues, and other issues, e.g. how to support encrypted content, charging and LI, etc. 
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