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1 Introduction

In last RAN2#98 meeting, RAN2 had several discussions on whether the UE assisted information has benefits for local caching, and different companies have diverse views. The benefits of UE assisted information can be observed in many local caching scenarios in our understanding. This paper will summarize the benefits of UE assisted information solution and provide potential solutions.
2 Benefits of UE assisted information
Internet CDN provides acceleration for collaboration content/service providers by caching the content/service closer to the operator’s network. It should be possible for mobile network operator (MNO) to get income from content/service providers as well by providing better selective acceleration in terms of context-aware service delivery including local caching, video optimization and TCP optimization. This is also one of the targets of this WID to reduce the backhaul latency for video/TCP service by introducing new schemes [1]. 

Considering the targets of the WID, to reduce the long backhaul delay, the local cache should be physically close to the eNB. 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 [2]. No matter which caching options are selected, it is observed the local cache should be physically close to eNB to achieve the target of reducing the long backhaul delay.

Observation 1: To reduce the long backhaul delay, the local cache should be physically close to eNB.
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. But it is obvious that 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. If the DPI is supported by eNB software, it reduces the capacity and performance of eNB. If the DPI is performed by GW or middle box, it increases not only cost but also user plane delay and introduces SPF (single point failure) in user plane. So for the UE based solution, if UE could provide necessary information for eNB, GW or middle box to decide whether to accelerate the required content, the DPI by eNB, GW or by middle box could be avoided.

Observation 2: UE assistance method could avoid DPI by eNB, GW or middle box in routing UL request to local cache.
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 assistance information 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 of network and server based solutions.
The key principle of the proposed UE assisted local cache solution is to help network implement selective service acceleration without DPI operation. In essential, it is not relevant to the location of local cache deployment. Wherever it is collocated, e.g., collocated with eNB, or near eNB or cache after PGW, this solution can be applied to all the potential deployment options outlined above. 

For the case that local cache is supported above GW logically, the UE assistance information is still helpful in routing UL request for local cache. In this scenario, Figure 2 gives an example on the local GW and remote GW. The UE can send the UE assistance information in the uplink packet, and eNB relays the assisted information in GTP-U header to the local GW. The local GW then routes the payload of packets with assistance information to local cache. The other rest of procedure is similar to UE assisted local caching below GW. The detailed solution and procedure are analysed in [3].
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Figure 2 UE assisted local caching above GW
Observation 3: UE assistance information method has benefit for local caching, regardless of the local cache deployment scenarios.
Proposal 1: UE assistance information method has benefit for UL service request routing to local cache, and UE assistance information should be defined. 
3 UE assistance information to be provided

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 inside mobile network. 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 4: UE needs to indicate eNB whether this UL packet contains service request eligible for acceleration.
Proposal 2: UE assistance information to eNB indicates whether an UL packet contains service request eligible for acceleration by local cache.
4 Potential solutions
The provided UE assistance information can be designed with two alternative methods.
· Option 1: via the PDCP layer, i.e. an indication inserted into the reserved bits of the PDCP header.

· Option 2: via the MAC layer. i.e. new MAC CE.
Option1 is designed to use the reserved bit ‘R’ to indicate whether it contains request eligible for acceleration. 
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Figure 1 PDCP Data PDU format with 12-bit SN
Option2 proposes to use a new MAC CE to carry the assistance information. The MAC CE can be defined as to use the first 3 bits for the LCG ID and the last 5 bits for reserve bit for further function extension.
Proposal 3: UE assistance information could be carried in the PDCP or MAC layer.
For local cache supporting above GW logically, eNB could relay the UE assisted information in GTP-U header to the local GW. The GTP-U packet header can set GTP-U extension header with a new definition of extension header type with value of ‘1100 0011’ shown in Table 1. The extension header content could be used for allocating the content of UE assisted information. It should be noted that in this release, how to use the UE assistance information is up to implementation.
Table 1 Definition of Extension Header Type
	Next Extension Header Field Value
	Type of Extension Header

	0000 0000
	No more extension headers

	0000 0001
	Reserved - Control Plane only.

	0000 0010
	Reserved - Control Plane only.

	0010 0000
	Service Class Indicator

	0100 0000
	UDP Port. Provides the UDP Source Port of the triggering message.

	1000 0001
	RAN Container

	1000 0010
	Long PDCP PDU Number

	1100 0000
	PDCP PDU Number [4]-[5]. See NOTE 1.

	1100 0001
	Reserved - Control Plane only.

	1100 0010
	Reserved - Control Plane only.

	1100 0011
	UE assisted indication – User Plane


5 Summary
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 eNB.
Observation 2: UE assistance method could avoid DPI by eNB, GW or middle box in routing UL request to local cache.
Observation 3: UE assistance information method has benefit for local caching, no matter the local cache deployment scenarios.
Proposal 1: UE assistance information method has benefit for UL service request routing to local cache, and UE assistance information should be defined.
Observation 4: UE needs to indicate eNB whether this UL packet contains service request eligible for acceleration.
Proposal 2: UE assistance information to eNB indicates whether an UL packet contains service request eligible for acceleration by local cache.
Proposal 3: UE assistance information could be carried in the PDCP or MAC layer.
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