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1 Introduction
During RAN2#98 meeting, it was agreed to have an email discussion on “Identify the benefits of UE assistance information and corresponding solutions”:

[98#45][LTE/ViLTE] Identify the benefits of UE assistance information and corresponding solutions (CMCC)


Intended outcome: Email discussion report to next meeting


Deadline:  Thursday 2017-08-03
The deadline of the email discussion is Thursday, 2017-08-03, 23:59 Pacific Time. 
2 Background of local caching
WID [1] related with local caching and RAN2/RAN3 agreements are as follows.
WID RP-171392
· 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]

Note: the solution shall not rely on user data detecting in the eNB;

RAN2#98
No agreements.

RAN3#95

No agreements.
RAN3#96
WA for option 2 define as “Cache Server after P-GW/LGW/Standalone GW” in current LTE architecture.

3 Discussion
During RAN2#98 meeting, based on discussion papers [2] and [3], RAN2 had some discussions on whether to have the UE assisted information for local caching but no agreement was reached. The working assumption of RAN3 is that cache server is located after P-GW/LGW/standalone GW. In order to accelerate the discussion in RAN2, a clear understanding on UE assisted information is needed. In this email discussion, the discussion is separated into two questions. Firstly, it is required to identify the benefits of UE assisted information. Secondly, it is required to identify the corresponding potential solutions.
In general, the assisted information is transmitted from UE to RAN. This information may indicate service type, or simply indicate that the corresponding data can be local cached and needs to be delivered to cache node. Since the benefit is tight related with use cases, companies are encouraged to share their views on the use cases and benefits of UE assisted information. 

Question 1: Identify the use cases and benefits of UE assisted information.
	Company
	Use case and benefits

	CMCC
	In the real 4G network, we have already introduced mobile edge computing (MEC) concept where a local cache is deployed co-sited with eNB or after eNB off the S1-U path, as shown in figure 5.2.1-1 & figure 5.2.1-4 in TR 36.933. The local cache has direct connection with eNB via private interface. 
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Figure 5.2.1-1 cache server collocated in the eNB
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Figure 5.2.1-4 cache server off the S1-U path
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 is eNB has 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 Deep Packet Inspection (DPI). However, DPI results in high computational complexity and may lead to extra delay for all the UEs. 

In order to avoid the high complexity of DPI in eNB, a UE assisted information provided to eNB is beneficial. Through this information, eNB can recognize the packet needs to be transmitted to local cache or to S-GW.

Therefore, the benefits of UE assisted information in this use case is that eNB don’t have to perform DPI. And as a consequence, the process delay and complexity can be alleviated. 

In addition, the cache node co-sited with eNB or after eNB can be treated as implementation issue and we do not expect any impact or standard effort on the network architecture.  

	Qualcomm
	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.

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. For UE initiated service, the network needs to perform DPI on each UL packet to identify service information. This solution causes several problems, such as 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.

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.

	Ericsson
	In our understanding, working assumption in RAN3 does not imply a need for UE assistance information. Such information may or may not be required based on the outcome of the discussion. Considering that the discussion, i.e. location of cache server, is not within RAN2’s scope, we think it would be immature to discuss whether UE assistance information would be beneficial without knowing what it is intended for and whether there are other means available or not.

	OPPO
	We share similar view with CMCC and Qualcomn. The UE assistance information can achieve a less processing delay and complexity by comparing to the DPI operation. With the UE assistance information, it is easier for eNB to recognise which node to deliver the packets to.

	Nokia, Nokia Shanghai Bell
	Given the quoted above RAN3#96 agreement: Option 2 (from TR36.933) define “Cache Server after P-GW/LGW/Standalone GW” in current LTE architecture, we understand the following architecture is under considerations:
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Figure 5.2.1-2 (TR36.933) – standard cache server after P-GW

This implies the fundamental requirement is to (allow) locate cache server relatively distant from eNB. (Differently from CMCC suggestion here). The functionality will allow location of cache server after last node in the communication chain e.g. P-GW. P-GW has already standardized DPI function (according to TS23.401). If this is the case: if eNB was involved in inspecting IP packets and translating UE assistance information to local cache server after IP GWs, we think the aimed long backhaul latency reduction may actually have an adverse effect. We are not clear on benefits from an UE assistance information from/to RAN domain, as this will put new requirements to number of interfaces: UE → eNB → SGW →PGW. Apart from implications to these interfaces inter-dependencies, we believe this brings backward compatibility issue to the existing DPI, thus requires SA2 insight.

	Intel
	We understand the motivation from the supporting companies and suggest getting more inputs from networks' and operators' to justify the need of defining this kind of UE assistance (understanding that network based solutions may already be in place).

	
	

	
	


In order to have a better understanding on the detailed procedures related to UE assisted information, companies are encouraged to identify potential solutions: 
1. How UE provide the assisted information to network side so that the network can be aware that the data needs performing local caching? Through which layer (e.g. RRC/PDCP/RLC/MAC)?

2. How to guarantee that the local caching function is controllable by the network side? Maybe an activate/deactivate procedure is needed.

Question 2: Identify the corresponding potential solutions for UE assisted information.
	Company
	Potential solutions

	CMCC
	Indication in UE assisted information

In the use case that cache node is co-sited with eNB or after eNB, 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 tranismitted 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 eNB periodically broadcasts the services that support local caching in system information. 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 broadcasts that it support local caching in system information, but don’t indicate which service support local cache. So, 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.
Controllability of local caching function
In order to let the network aware when to start detacting the indication instead of detacting all the time, the activation and deactivation procedure is needed. 

Upon attach procedure, UE reports its local caching ability as well as other abilities. The eNB may periodically broadcast the services that support local caching. When the UE has services that needs 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 packet containing local caching indication.

	Qualcomm
	The UE provided assistance information should be sufficient for the network to decide whether to route the UL packet to local cache. Option 1 requires UE to know which service is cached locally, and which could be delivered by eNB configuration. Since UE already knows the index of local caching, the indication can use the reserved bits in PDCP PDU.
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. In this option, the UE assisted information need to indicate the service types. The reserved bits in PDCP PDU could be used.

	Ericsson
	Please see our comments for Question 1 above.

	OPPO
	In option 1, UE knows the service type that can be local cached through the system information broadcasted by the eNB. With the knowledge of supported service type, UE routes the related packets to the right node. 

For option 2, only activation/deactivation of local caching is broadcasted to UE. UE has to report the service type within the UE assistance information, e.g., indicate the service type by using the PDCP PDU. Thus, eNB forwards the packets to the corresponding node.

	Nokia, Nokia Shanghai Bell
	Control for local caching function on the network (RAN) side requires inter-exchange of information over the following interfaces: UE → eNB → SGW →PGW. Additional, new eNB control function cannot easily replace existing DPI without ensuring backward compatible handling or defining priorities over the all interfaces, i.e. that the new Rel-15 should take precedence over DPI in case of co-existence. Alternatively, we believe the existing solutions with some implementation specific enhancements serve the purpose and NW is in control. Hence, we believe further investigation is required in order to avoid negative impacts.

	Intel
	See our response in previous question.

	
	

	
	


4 Summary of email discussion
6 companies participated in this discussion.
Question 1: Identify the use cases and benefits of UE assisted information.
For the architecture of “cache server co-located with eNB or after eNB off the S1-U path”
3 companies see the benefit of UE assisted information can achieve a less processing delay and lower complexity than the DPI operation.

Proposal 1: For the architecture of “Cache server co-located with eNB or after eNB off the S1-U path”, UE assisted information has benefit.
For the architecture of “cache server after P-GW/LGW/Standalone GW”
2 companies see the benefit to introduce UE assisted information.
2 companies don’t see the necessary to introduce UE assisted information according to RAN3 WA architecture.

1 company suggests further justify the need to introduce UE assistance.

Proposal 2: For the architecture of “Cache server after P-GW/LGW/Standalone GW”, benefit of UE assisted information is still FFS.
Question 2: Identify the corresponding potential solutions for UE assisted information.
Question 2.1: How UE provide the assisted information to network side so that the network can be aware that the data needs performing local caching? Through which layer (e.g. RRC/PDCP/RLC/MAC)?

3 companies provide similar candidate solutions:
Solution 1: UE is informed by network which service support/is local caching. The assisted information only indicates whether the packet can be local cached. The eNB forwards the corresponding data to cache node. 

Solution 2: UE is only informed by network that the serving eNB support local caching, but don’t know which service support/is local cached. UE assisted information contain indication of service type. 
For both solutions, the reserved bits in PDCP PDU can be used as the UE assisted indication.
Question 2.2: How to guarantee that the local caching function is controllable by the network side? Maybe an activate/deactivate procedure is needed.

1 company provide candidate control function.
1 company has the concern on backward compatible.

Proposal 3: RAN2 further discuss potential solutions.
5 Conclusions
Proposal 1: For the architecture “Cache server co-located with eNB or after eNB off the S1-U path”, UE assisted information has benefit.

Proposal 2: For the architecture “Cache server after P-GW/LGW/Standalone GW”, benefit of UE assisted information is still FFS.
Proposal 3: RAN2 further discuss potential solutions.
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