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1 Introduction

In last RAN2#99 meeting, RAN2 agreed that UE assistance information was introduced for local caching as candidate solution. 
Agreements:

-
UE assistance information bit is introduced for local caching when local cache is co-located with the eNB.

-
Introducing this UE assistance information bit is not intended to change the specified architecture for local caching in RAN3 and/or open discussions for specifying a new local-caching architecture as part of this WI.

-
The mechanism to be specified shall not make eNB service-aware.

In the email discussion of the detailed solutions after the RAN2#99 meeting, companies have consensus on most of the solutions which is summarized in [1]. This paper will summarize the benefits of UE assisted information for local caching and provide detailed solutions from our views.
2 Benefits of UE assisted information
As introduced in [2], local caching can provide better selective acceleration of context-aware service delivery for mobile network operator. The local caching can be physically close to the eNB to achieve the target of reducing the long backhaul delay. Logically, the local cache could be in any location of the network, i.e. cache inside or above GW, inside or near eNB, in S1-U or cache off the S1-U path. There are several methods to acquire assisted information from either network or UE. For the network based solution, in general, the network performs DPI to identify the service, and several proprietary solutions rely on DPI to route UL request to local cache or get DL response from local cache. Obviously, DPI by eNB, GW or middle box may increase extra delay for all the UEs and all the services due to UL DPI processing, and high DPI equipment cost, especially when the eNB or inter-mediate box in S1 has high load. UE based solution provides necessary information for eNB, GW or middle box to decide whether to accelerate the required content. Therefore, the DPI by eNB, GW or by middle box could be avoided.
For the UE based solution, UE provides assistance information indicating which/whether uplink packet contains content/service request eligible for acceleration. UE can generate the acceleration indication based on operator configured content provider list. Compared with network based solution, UE based content-aware solution has less delay and less hardware cost and overcomes the issue in network and server based solutions.
Observation 1: UE assistance information method has benefit for UL service request routing to local cache, and UE assistance information should be defined. 

The key principle of the proposed UE assisted information solution is to help network implement selective service acceleration without DPI operation. The UE assistance information is designed to indicate whether this packet has service request eligible for acceleration. The UE and eNB need not to know whether the UE requested content is cached locally. The UE just needs to let eNB know whether this packet is eligible for acceleration or not. If the requested content is not locally cached, the local cache can manage to fetch the content for the UE.

The proposed UE assistance information mechanism does not need eNB service-aware, and only the eNB that supports this feature need check the UE assisted indication. For each service request eligible message for acceleration, UE can indicate this message from the AS layer, such as PDCP layer, MAC layer, etc., to assist eNB to route the eligible message to local cache. The request message may not be too frequent and only the request message itself needs to add the acceleartion indications from the AS layer.
From the eNB point of view, the network should control the UE to active or de-active the UE who reports assisted information capability to avoid the impact to legacy network. If the eNB supports this feature, it can configure those UEs who have this capability whether to active the UE assistance information mechanism or not. The activation and de-activation procedure should be performed per UE, since the eNB configuration depends on the UE reported capability and eNB should not be aware of the service in DRB level. The configuration of activation or de-activation can be done via RRC signalling. 
Proposal 1: UE assistance information could be carried from UE AS layers and eNB could configure to active or de-active this feature based on the UE reported capability. 

3 Potential solutions
For the UE AS layer, both PDCP and MAC layer could be designed to catch the assisted information. For the PDCP layer, one or more reserved bits are used to indicate whether this PDCP data PDU contains content request for acceleration or for different service types. More reserved bits may provide finer granularity for different service types. For MAC layer solution, a 1-byte new MAC CE is proposed to indicate the assisted information. The first one or more bits are reserved for indication. 
Comparing these two solutions, MAC layer solution is more flexible to support extensible mobile CDN use case while PDCP layer has less signalling overhead. We prefer to use PDCP layer to carry the assisted indication, and propose to use the first reserved bit ‘R’ of PDCP data PDU to indicate whether it contains service request eligible for acceleration. 
Proposal 2: Introduce the first reserved bit ‘R’ of PDCP data PDU to indicate whether it contains service request for acceleration. 

The basic procedure should be that UE identifies whether it is a service request eligible to acceleration when an upper layer packet is received from APP/HLOS after necessary UE and eNB negotiation and configuration. If yes, UE set one bit to indicate the acceleration indicator in this uplink PDCP data PDU. Only this request information itself needs these PDCP data PDUs to add assisted indications.
Before UE can indicate the assisted information, eNB and UE should negotiate the capability and have the necessary configuration. First of all, UE should report its new capability on this assisted information feature. If the eNB supports this feature, eNB will configure this UE based on the UE reported capability.

Proposal 3: UE should report the new capability of UE assistance information to eNB.

Then, eNB may configure those UEs who report the capability to perform the UE assisted information via RRC signalling. If eNB does not support this feature, the eNB will not configure the serving UEs no matter whether the UEs report this capability or not. eNB may optionally perform the eligible check for the UEs with capability. If a UE is eligible, eNB configures the UE with this feature. The basic procedure should work as Figure 1. 
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Figure 1 eNB configures UE based on the reported capability
The basic procedure should be, 

1. UE reports the new capability to eNB.

2. If eNB supports this feature, eNB optionally performs the eligible check for the UE with new capability. 

3. If eNB supports this feature, eNB configures to the UE to use the acceleration indicator via RRC singalling.

For the UE without this capability, eNB will not detect the assisted information and/or uses DPI for detecting caching request.
Proposal 4: eNB configures UE to active or de-active the assisted information feature via RRC signalling.

4 Summary
Based on above analysis, we have following observations and proposals.
Observation 1: UE assistance information method has benefit for UL service request routing to local cache, and UE assistance information should be defined. 

Proposal 1: UE assistance information could be carried from UE AS layers and eNB could configure to active or de-active this feature based on the UE reported capability. 

Proposal 2: Introduce the first reserved bit ‘R’ of PDCP data PDU to indicate whether it contains service request for acceleration. 

Proposal 3: UE should report the new capability of UE assisted information to eNB.

Proposal 4: eNB configures UE to active or de-active the assisted information feature via RRC signalling.

Corresponding CRs are provided in [3] - [5].
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