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1 Introduction
In RAN2#98 meeting, whether to introduce UE assisted local caching was discussed but no agreement reached. And an email discussion was launched to identify the benefits and corresponding solutions. Companies have different views on whether UE assisted information is necessary.
In this paper, we further discuss the necessity of UE assisted information. We firstly analyse the drawbacks of RAN3 WA architecture from operator’s point of view. And then we share our motivation for the architecture option 1&4 and corresponding UE assisted information. At last, solutions for local caching are provided.
2 Discussion on local caching
2.1 Drawbacks of RAN3 WA architecture for operators
There are mainly 4 options in TR 36.933 for local caching, as shown in figure 1,2,3,4.
 
Option 1: Cache Server Collocated in the eNB


[image: image1.emf]eNB Cache SGW UE


Figure 1 Cache server collocated in the eNB

Option 2: Cache Server after P-GW/LGW/Standalone GW


[image: image2.emf]eNB Standalone GW Cache UE

eNB S-GW/P-GW Cache UE

Option 2-1 Standalone Cache Server and SIPTO above RAN

Option 2-2 Standalone Cache Server and SIPTO@LN with standalone GW

eNB L-GW Cache UE

Option 2-3 Standalone Cache Server and SIPTO@LN with collocated L-GW
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Figure 2 Standalone Cache Server after P-GW/LGW/Standalone GW

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

Option 4: Standalone Cache Server off the S1-U Path
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Figure 4 Standalone Cache Server off the S1-U Path
During RAN3#96 meeting, RAN3 takes option 2 as working assumption. Option 2 is already supported by current SIPTO standard. Although SIPTO already has stable standard versions, SIPTO has not been widely considered by operators. From our point of view, option 2 has following drawbacks.
-
Difficulty in Configuring SIPTO APN on smartphones

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 to configure and reconfigure two or 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.
-
Deep Packet Inspection (DPI) is less effective and not applicable for encrypted data at application layer 
For option 2, 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. However, DPI results in high computational complexity and may lead to extra delay for all the UEs. In addition, encryption at application layer is widely adopted, which hinders the effectiveness of DPI. 
Therefore, taking all the drawbacks into consideration, although RAN3 took option 2 as WA, option 2 is not suitable for operators to deploy.

Observation 1: Option 2 is not suitable for operators to deploy.

Motivation for UE assisted information
Considering the drawbacks analysed above, although option 2 is already supported by standard, we would rather deploy option 1&4 in field trial or real network than option 2.
-
Option 1&4 support more services comparing with option 2

In order to support more services, option 2 has to be configured with more APN connectivity, which is not easily supported by all the UEs. But for option 1&4, as long as eNB can figure out many services, eNB can perform local caching for these services. So option 1&4 can support local caching for more services than option 2.
-
No extra standardization work on the architecture is needed for option 1&4
The architecture of option 1&4 can be realized by implementation and has no standardization impact on RAN3 architecture. 
-
UE assisted information helps operators to better perform local caching
Many operators including us deploy option 1&4 in field trial or real network. In this case, the application content requested by UE can be provided by two paths. One path is from traditional application server via core network, and the other path is directly provided by local cache. Basically, this requires eNB to be equipped with the functionality of selective acceleration. That means eNB has the capability to figure out whether to send the content request to local cache or conventional application server via CN. Traditionally, this operation is implemented by DPI. However, DPI results in high computational complexity and may lead to extra delay for all the UEs. And DPI is not applicable for encrypted data at application layer. Therefore, introducing UE assisted information helps operators to avoid the bad impact of DPI.
Observation 2: If operator prefer deploying option 1&4, UE assisted information can help operators to better perform local caching.

Proposal 1: Introduce UE assisted information for purpose of improving operator deployment of option 1&4.
Solutions for UE assisted local caching
Indication in UE assisted information

For option 1&4, the UE assisted information can be used to let the eNB aware whether to transmit the corresponding packet to cache node or S-GW. 

The assisted information can be transmitted from UE to eNB through PDCP layer. The indication can use the reserved 3 bits or another new 8 or 16 bits in PDCP PDU. There are mainly two options regarding to whether the UE is aware of which service support local caching in the serving cell.

One option is that the UE is configured by the eNB with the services that support local caching. The assisted information doesn’t need to indicate service type, but only indicate that whether the packet can be local cached. UE has the knowledge of which service support local caching in the serving eNB. The eNB forwards the corresponding data to cache node.
Another option is that the eNB only indicates that it support local caching, but don’t indicate which service support local cache in the serving eNB. So, the UE assisted information needs to contain indication of service type, i.e. 8 or 16 bits in PDCP PDU. UE don’t need to be aware of which service support local cache in current eNB. The eNB look into the indication in each PDCP PDU and only forwards the services that support local cache to the cache node.
For both options, after cache node receives the packet, it performs content check and accelerates the data delivery by network implement.
Proposal 2: UE assisted indication for local caching can be carried in PDCP PDU.
Controllable by network
Controllability of local caching function

In order to let the network aware when to start detecting the indication instead of detecting all the time, the activation and deactivation procedure is probably needed. 

Upon attach procedure, UE reports its local caching ability as well as other abilities. The eNB may configure the UE with the services that support local caching by broadcast or unicast signalling. When the UE launches services that support local caching, UE sends an RRC message containing local caching activation request to eNB. The eNB responds with an activation message. Then the eNB starts to detect whether the PDCP PDU contains local caching indication.

Backward compatible
One company concerns about the backward compatible between new network and legacy UE, if UE assisted solution is deployed in network. As long as we introduce a new feature, the new feature can only serving new UEs. If there are legacy UEs that only support DPI based local caching, network can decide whether to serve this kind of UEs.
3 Conclusions
In this paper, we have discussed two feasible way of DC between NR and LTE and offered some requirements for NR. We propose:
Observation 1: Option 2 is not suitable for operators to deploy.
Observation 2: If operator prefer deploying option 1&4, UE assisted information can help operators to better perform local caching.

Proposal 1: Introduce UE assisted information for purpose of operator deployment.
Proposal 2: UE assisted indication for local caching can be carried in PDCP PDU.
