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1. Introduction
The cases were identified video transmission issue in [1].  
Case 1: Empty buffer issue
Case 2: Inaccurate throughput prediction for DASH issue
Case 3: Long video delay issue.
All these issues may be resolved/mitigated by video/radio mutual context aware. SA4 SAND defines application layer signalling for context aware based on DANE (DASH Aware Network Entity).  
In this contribution, we provide the detailed analysis on how to support SAND/DANE in LTE.
2. Relationship between SAND and CASD 
3GPP SA4 Server and Network Assisted DASH (SAND) technology provides a study report on the possible standardized interfaces for service providers and operators to enhance streaming experience. 
Several studies of the SAND use cases on Content Provider Optimized Zero Rating, Consistent QoE/QoS, Proxy Caching and Network Assistance for DASH are presented respectively in the TR. Based on the evaluations and findings in TR, the features and functionality of SAND for these use cases should be supported by considering RAN aspect enhancement under the SAND architecture and signalling.
The connections to RAN study on Context-Aware Service Delivery (CASD) with SAND is provided in section 10 in TR 26.957 [2] as below. 
	A study on context aware service delivery in RAN for LTE is presented in TR 36.933 [19]. This study addresses RAN aspects of video streaming enhancements such as network-assisted DASH and video-aware scheduling. As such, the content presented in TR 36.933 is closely related to SAND, and particularly to the use cases on consistent QoE/QoS (presented in clauses 6.2 and 8), proxy caching (presented in clause 6.3) and network assistance (presented in clause 6.4). The RAN study presented in [19] analyses the potential impact to architecture, protocol, and signalling to support RAN based local cached delivery, local breakout; and support RAN optimizations based on context awareness.
In clause 4 of [19], the following issues in regards to video streaming are observed: 
-	Backhaul long latency, as described in clause 4.1 of [19].
-	TCP E2E delay with throughput decreasing, as described in clause 4.2 of [19].
-	Video transmission issues, including empty buffer, inaccurate throughput prediction for DASH and long video delay, as described in clause 4.3 of [19].
SAND can be a potential solution to address some of these issues (including potential solutions in clauses 6.2.4, 6.3.4, and 6.4.4 of TR 26.957), particularly the video transmission issue described in clause 4.3 of [19]. Such a potential solution where SAND is relevant is also presented in clause 5.4.2.2 of [19]. Moreover, Annex A of [19] documents performance enhancements from video playout buffer aware scheduling, as aligned with the SAND-based streaming enhancements via QoE-aware resource allocation, as described in clause 8 of TR 26.957. 


3.  DANE support in LTE
DANE communicates with UE/Server with DASH/SAND signaling. DANE needs to communication with LTE network on:
· Resource request per video information, e.g. buffer-aware scheduling
· Deliver radio information to video for e.g. network assisted DASH.
Above can be achieved by different DANE deployment options.
Option 1: DANE in eNB
DANE in eNB for DASH optimization solution has been introduced in the solution 3 for video issue case 2 [1]. In this solution the DANE is part of the eNB, and DANE can access to the network assistance information derived from RAN resource monitoring. This solution requires UE to support a local break PDN connection for SAND assistance info delivery and a PDN connection for UE to download video from server. Dual PDN connection requires change to HLOS (e.g. Android, IOS), which are beyond the control of 3GPP industry.
Option 2: DANE in PGW
In this solution video context information to network and network assistance information to UE are delivered via DANE in PGW, using SAND signaling as defined in section 6 of [2]. The DANE may be supported either in-band or out-of-band. In in-band deployment, DANE acts as a HTTP proxy. In out-of-band deployment, SAND messages are exchanged in link different from media.
DANE in PGW acts as coordinator between radio (eNB) and application (Server) to avoid eNB to understand video and avoid video App to understand radio:
1. Video-aware by RAN: DANE translates video context received from UE as resource request and sends to eNB for eNB to tune resource allocation for the UE;
1. Radio-aware by video client: eNB delivers predicted or assigned throughput information to PGW for DANE to deliver the throughput information to UE for e.g. optimal video quality selection.
Up to implementation, DANE may be implemented in network entity e.g. PEP (Performance Enhancement Proxy) outside of PGW and use a proprietary interface to communicate with PGW.
Figure 1 shows an example message flow of video-aware by RAN solution for video optimization.


Figure 1. Video-aware by RAN for video optimization
1. The DASH client in UE receives the media presentation description (MPD) from DASH video server.
2. UE reports video context information to DANE in PGW. The video context information is acquired from received data rate, video quality and QoE of previous video segments. The information can be reported periodically or triggered by the configured events.
3. DANE in PGW recommends the predicted resource allocation sharing to the serving eNB of the target UE. DANE can translate the video context information and UE short-term/long-term requirements as request to the serving eNB.
4. eNB decides the new resource allocation or strategy for the target UE according to the assistance information from DANE. DASH client in UE obtains the throughput gain and reduces the video stalling possibility due to the in-time DANE / eNB response.
Figure 2 illustrates an example message flow of radio-aware by video client for video optimization.


Figure 2. Radio-aware by video client for video optimization
1. The DASH client in UE receives the media presentation description (MPD) from DASH video server.
2. DAHS client in UE predicts the bandwidth to be available in the air interface according to the received data rate, QoE of previous video segments or assisted information from eNB. 
3. UE reports video context information to DANE in PGW. The information can be reported periodically or triggered by the configured event.
4. DANE in PGW estimates the requested bandwidth and delivers the range message to serving eNB of target UE. The eNB changes the resource allocation or strategy according to the range message from DANE.
5. DANE in PGW recommends the rate of new segments to the target UE.
6. UE selects the suitable rate for new segment based on the recommendation message from DANE. According to the UE based predicted rate and rate selection, the DASH client requests more optimal segment size and achieves better performance.
Option 3: DANE in UE
This option could be thought as an implementation of solution 2 (RRC signaling). UE predicts throughput with eNB assistance and provide the throughout info to DANE. DASH client delivers video info e.g. buffer status to DANE. DANE/UE indicates the video info to eNB, e.g. for eNB to boost the throughput, prioritize the scheduling.
Observation 1: Option 1 doesn’t need 3GPP standard change, but requires HLOS change which is beyond the control of 3GPP industry.
Observation 2: Option 2 doesn’t require UE/modem change but the backhaul delay may downgrade the performance.
Observation 3: Option 3 has good performance but requires UE/modem change.
4. Conclusion
In this contribution, current solutions for video optimization in [1] have been analysed. We also provide the candidate solution of DANE in PGW. Based on above analysis, we have following proposals.
Proposal 1: It is proposed RAN3 to capture option 2 solution into TR 36.933.
Proposal 2: Update solution 2 to link it with SAND.
The corresponding TP for option2 is described in R3-170748.
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