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Discussion and decision
1 Introduction

The RAN3-led Study on Context Aware Service Delivery in RAN for LTE identified that "coordination with RAN2 may be required" to addressed the defined objectives within the SID [1]. The TR 36.933 describes and identifies that the "issue 4: UL Video transmission critical data discard" may have RAN2 scope:
In conversational video (real-time streaming) the problem of PDCP discard of critical data in UL may occur. Critical data include I-frames of an H.264 video sequence and RTCP feedbacks for lost RTP packets. Both types of data are carried on the same bearer (dedicated, GBR, or non-GBR) and cannot be differentiated. Hence if the video bearer queue is highly loaded (e.g. in case of UL congestion), both types of data may be discarded due to expiry of the PDCP discard timer. Currently in AS there are no means to prioritize I-frame data and RTCP feedback packets over P-frame data because they are carried on the same bearer. If these critical data are lost because of internal PDCP Discard on the sender device, the video stream may  stop on the receiver side until these critical data are successfully retransmitted or until a new I-frame is transmitted to allow resynchonizing the video codecs and restore the video prediction chain. If forward error correction information is added to the H.264 payload the video may not be subject to interruptions.

NOTE1: This issue case does not require any specific video codec awareness impact in RAN3.

NOTE2: The solution to this use case may be RAN2-specific in which case it will be downselected in RAN3.
This contribution provides a high level overview of the described issue, motivation, and potential solutions.
2 Issue with conversational video calls
2.1 Contributing factors
The main issue is that the degradation of perceived conversational video (real-time streaming) quality is observed e.g. video jumps, freezes and higher latency under UL radio congestion, due to following contributing factors (CF), where CF 1 is also caused by CF 2 and CF 3.

· Contributing factor 1: critical UL video data may be lost due to PDCP discard timer 

· Video decoder is less robust against packet loss than VoLTE as the quality of decoded frames (or picture) depends on the preceding frames. For example: 
· If an I-frame (critical video data) is not fully received, it is typically perceived as small video freeze or jump up to few seconds.

· I-frame (Intra Coded Picture) ( Critical Video data (the key frame not relative to any other frame in the sequence) 
· P-frame (Predictive Coded Picture) ( Non-critical Video data (the compressed frame relative to previously decoded frames)
· Some RTCP feedbacks (FIR, PLI, NACK) can also be considered as critical data.

· Contributing factor 2: critical UL video data may be lost due to scarce UL grant allocation

· Under UL radio congestion (e.g. in highly loaded cells or bad UL radio conditions), average transmission time of longer video frames (typically I-frame) exceeds PDCP discard timer.

· The video bitrate and ratio of I-frame/P-frame are not constant, therefore the size of video frames may vary significantly.

· Contributing factor 3: critical UL video data cannot be differentiated because any video data (critical or not) is sent in same bearer.

· eNB cannot differentiate UEs with non-critical vs other ones with critical video data so that the UE with critical video data could get enough UL grant(s) before the PDCP timer expires.
2.2 Examplary use case and measurements observed
An exemplary use case of IR94 video call in lossless Loopback mode (i.e. a received UL packet is always sent in DL) using mandatory Constrained Bitrate Profile 1.2 is shown to analyze the impact under UL congested situation (by limiting the available RBs granted to the UE).
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	Channel allocation
	Available
UL radio bitrate
	Achieved average
UL video bitrate
	Comments

	Full UL capacity
(i.e. non UL congestion)
	3112 kbps 
(RB=30, TBSI=6, QPSK, 
389 byte/MAC_grant)
	~367 kbps
	Video bitrate reaches negotiated CBP1.2 bitrate (384kbps) and is not constrained by available radio bitrate

	UL congestion
	392 kbps 
(RB=4, TBSI=6, QPSK, 
49  byte/MAC_grant)
	~280 kbps
	Video bitrate is constrained by available radio bitrate


Table 1. Available UL and DL radio bit rate assumed in the analysis
When this issue happens, some of the behaviours observed were: very short video freezes (as some I-frames are not fully transmitted by the modem because of PDCP discard; on the receiver side, video decoding is stopped until the video sender retransmits the missing I-frames), small video jumps (due to retransmission of the missing video data by the video sender, the end-to-end latency increases suddenly and the video jitter buffer throws away a few frames because they are too old to be played out) and longer video freezes (the video data which have been discarded by PDCP are not retransmitted by the video sender - because the I-frame to be retransmitted is too old - or are retransmitted by the video sender but discarded again in PDCP layer. The video freezes until the next I-frame).
Exemplary measurement showing the impact of the PDCP discard timer on video application bitrates and critical data (I-frames)


[image: image2]
[image: image3.png]egend
Channel bandwidi (k5ps)  Encoder satto 1 ram sent/ 2 secands

) et o roce s

ovcied g
e eee et e €5 e ik oCP dscard bt e Wi e o 1 ly e





Figure 2: Exemplary measurement showing impact of PDCP discard timer on video bitrates and critical data (I-frames) during 1min UL congestion period
When congestion is detected on higher layers, UE performs bitrate adaption (e.g. by TMMBR, Temporary Maximum Media Stream Bit Rate) based on video End-to-End bandwidth estimation (green curve shown in figure). However this upper layer adaptation mechanism might not be sufficient for a good perceived video quality, especially under UL radio congestion conditions. On these circumstances, for example, video jumps/freezes might happen, as shown in the figure by the pink dashed bubbles; these correspond to frames that are not decoded or played out because some I-frames were not fully received due to PDCP discards on some of their RTP packets.
During RAN3 SI phase, it was raised the question on whether FEC (forward error correction) mechanism could be used. Our understanding is that this technique would increase overhead when it might not be really needed, resulting on lower bitrate available for video. Moreover IMS spec. RFC6015 explicitly indicates that this might lead to an even more congested network: 

FEC is an effective approach to provide applications with resiliency against packet losses.  However, in networks where the congestion is a major contributor to the packet loss, the potential impacts of using FEC should be considered carefully before injecting the repair flows into the network.  In particular, in bandwidth-limited networks, FEC repair flows may consume most or all of the available bandwidth and may consequently congest the network.  In such cases, the applications MUST NOT arbitrarily increase the amount of FEC protection since doing so may lead to a congestion collapse.  If desired, stronger FEC protection MAY be applied only after the source  rate has been reduced.

Therefore, instead of relying application level mechanism, RAN-level solution is necessary to priotize critical UL packet data from PDCP discard

Proposal 1. To agree the need of a RAN-level solution to solve the problem where PDCP discards critical UL data.
2.3 Potential solutions
We suggest RAN2 to discuss the following solutions with potential RAN impact foreseen:

1. Possibility for the UE access stratum to be aware that a PDCP SDU relates to upper layer critical data.

2. Possible mechanisms for the eNB to be made aware that the UE has upper layer critical data within its buffers so that the eNB can take the information into account in UL scheduling decisions. To also consider appropriate network configuration/control of the mechanisms.
The UE notification item 2 can be realized in several ways [3]. For example by using the 3 “R” bits in PDCP header of the U-plane PDCP data PDU format with long PDCP SN (12 bits) as described in [3] and shown in Figure 3 below.

· The 3 “R” bits in PDCP header can be used;
· The first “R” bit (after D/C) indicates whether packet belongs to a critical video data or not;
· The second and third “R” bits indicate the number of consecutive critical SDUs following the current PDCP SDU and belonging to the same frame.
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Figure 3: U-plane PDCP data PDU format with long PDCP SN (12 bits)

Notification item 2 can alternatively be realized by introducing a new MAC Control Element of 1 byte (Video MAC CE) in [4] as shown in Figure 4 below.

· LCID (5 bits): logical channel ID of the video bearer
· “A” (1 bit): indicates that critical PDCP SDU is present in the PDCP buffer queue
· “B” (1 bit): indicates that with latest UL grant allocation and periodicity, the critical PDCP SDUs will be discarded before being transmitted
· “C” (1 bit): indicates that non critical PDCP SDU preceding the 1st critical PDCP SDU has been flushed (optional)
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Figure 4: New MAC Control Element of 1 byte (Video MAC CE)

Proposal 2. To discuss candidate solutions for (2.1) and (2.2) to avoid that PDCP discards critical UL data.
Proposal 2.1. The UE access stratum is aware of upper layer critical data e.g. via PDCP SDU.

Proposal 2.2. A mechanisms for the eNB to be made aware when the UE has upper layer critical data within its buffers, considering also the appropriate network configuration/control of the mechanisms.
3 Conclusion

The proposals captured are the following:
Proposal 1.
To agree the need of a RAN-level solution to solve the problem where PDCP discards critical UL data.
Proposal 2.
To discuss candidate solutions for (2.1) and (2.2) to avoid that PDCP discards critical UL data.
Proposal 2.1.
The UE access stratum is aware of upper layer critical data e.g. via PDCP SDU.
Proposal 2.2.
A mechanisms for the eNB to be made aware when the UE has upper layer critical data within its buffers, considering also the appropriate network configuration/control of the mechanisms.
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5 Annex

Exemplary measurement showing the impact of the PDCP discard timer critical video frames (I-frames) among all transmitted video frames.
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Figure 5: Exemplary measurement showing impact of PDCP discard timer on critical video frames (I-frames) among all transmitted video frames during 1min UL congestion period
Older RTP video packets get discarded by PDCP and are not transmitted: higher probability a (big) I-frame gets impacted since more packets will sit in UL PDCP queue waiting to be transmitted. Therefore, the video fluidity (video jumps, lower frame per sec) degrades due to I-frames not received (red bubbles) and sometimes also surrounding P-frames (for which, no bubble are shown in graph for clarity).
Figure � SEQ Figure \* ARABIC �1�. Example of IR94 video call in lossless Loopback mode
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